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Comparative immunogenicity of urea and EDT A extracted cell surface components 
from Salmonella typhimurium in mice 

G C CHATURVEDP, IVlINAKSHP, Y K KAURN and A K PRVTHI~ 

CCS Haryana Agricultural University, Haryana, Hisar 125004 

Received: 6 January 1997; Accepted 15 September 1997 

ABSTRACT 

Swiss albino mice (group )a to 4g) immul1iz~d with urea ex.tracted cell surface components (VECSCs), recycled 
UECSCs, peak {(P I), I'ccyded UECSCs pooled peaks (PI+Pll+PlH) and EDT A extracted CSCs of S, lyphimllriwn \ 63, 
respectively, showed humoral (HIR) and cellular immune responses (CIR). The HIR was exhibited by increase in immu­
noglobulin (Ig) level at weekly intervals postill1ll1l1nization (PI) and postchallenge (PC). and immediate type footpad 
thickness (lTFT) at 6 hI' postinoculation of eliciting antigen (PEA) in the left hind footpad. However. th~ mice in group 
41' immunized with EDTA extracted esc showed comparatively higher level of Ig at 4 weeks PI and J weeks PC. In 
immunized mice treated with carrageenan (group 1 b, 2d, 4g), the 19 level decreased abruptly at 1.2 and 3 weeks PC. The 
CIR was exhibited by delayed type footpad thickness (DTFT) at 12 fir PEA. nitroblue tetr<lzoliull1 (NI3T) reduction test 
at weekly interva.ls PI and PC, Postchallenge heavy mortality was observed ill mice treated with carrageenan (macroph­
age depleted). 

The difference between the per cent protection of immunized groups (1 a, 2c, 3e) as well as .i1l1lnllnized ami carrageenan .. 
treated groups (I b. 2d) and mock vacdnated group (5h) was statistically si!bnificant The corresponding values in groups 
i.e. 4[, 4g and 5h, were highly significant. The liver anci spleen of the sacrificed mice surviving t,:hllilenge in thl! immunized 
groups showed more immunological, less immunopathological and P1lthoJogiclli alterations 011 microscopic examination. 
while mice in group 4fshowed only immunological alterations. The EDTA extracted CSCs were motc imillullogenic unci 
protective compared to llECSCs in mice, 

Key words: Carrageenan treated (macrophage depleted) mice, EDT A ex!racted CSCs, Humoral alld cellular iinlllune response,. 
Immllnogcnicity. Mice, Nitroblue tetrazolium reduction test. Pel' cent protection, Salmonella typhimurium, Ure(t extracted cell sllrfncc 

components (UCSCs), 

The merits and demerits of live/killed vaccines as well as 
superiority of SUbcomponent vaccine have already been 
described by Chaturvedi at af. (1994). The predominant role 
of cell-mediated immunity (eMI) in comparison to humoral 
immunity (HI) has. been opined in protection of mice against 
Salmonella lyphill7ur;ut/I and S. enteritidis (Collins and 
Mackaness 1968, Collins 1(69) of chickens and guineapigs 
against S. galfinarum and S, dublin (Cameron 1976). 
Chaturvedi and Sharma (1981 a, b) reported the major role 
ofCMI in protection of calves against virulent challenge with 
$. dublin. The central role of rnacrophages in resistance to 
intracellular infection has been well emphasized by 
Mackaness (1962) and Collins (1974) in mouse typhoid, 
However, no information is available regarding the l'ole of 

Present address: I Senior Scientist. 2Assistunt Scientist, 
Department of Veterinary Microbiology; 4 Associate Professor, 
Departl11eril of Veterinary Pathology. 

) Professor and National Fellow (Retd.) RNa. J O-C, Friends 
ColmlY, Hisar. Haryana. 

macrophages in mice immu.nized. with Salmonella vaccine 
as well as treated with cal'rageenan in protection against 
virulent challenge with S. typhimurium. 

The significance of protein as protedive .imrnuriogeli haS 
been reported in mice by Bhatnagar et al . . ( 1982) and 
Udhayakumar and Muthukkaruppan (1989). The protein­
lipopolysaccharide (PLPS) complex isolated frol11 S. 
typhimurium and S. dublin was able to induce protective 
immunity in mice (Plant et al. ·1982) and rabbits (Chaturvedi 
et al. 1994) respectively. JOI'beck et at. (1981) l'epOlted that 
mice significantly cleared challenge dose of S. typhimurlum 
immunized passively with rabbit anti-O-antibodies: Further, 
Killi!ln and Morrison (1986) reported that LPS-lipid A­
associated protein complex protected n1ice ag!iinst lethal 
infection with Salmonella, whereas the LPS al00e did not. 
Therefore in the light of aforesaid facts, the present study 
was undertaken to study the immune response of mice' 
immunized with cell surface components (CSCs) of S. 
typhimurium extracted by urea and EDT A treatments atid 
role of macrophage in protective immunity. 
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MATERIALS AND METHODS 

Mice 
Swiss albino mice were procured frQrn Disease Free Small 

Animal House (DFSAH), CCS Haryana Agriculnlral 
University, Hisar. 

Bacterial strain 
The culture S. typhimurillm 163 (phage type 166) was 

isolated from diarrhoeic dead cow-calf of organized dairy 
farm (Kaura 1988). The culture was passaged twice in mice 
for increasing its virulence. 

Isolation of cell surface components (CSCs) 
TIle cen surface components (CSCs) of S. typhimuriwn 

were isolated by urea method (Bouzoubaa el at. 1987). The 
urea extracted cell SlIrface components (UECSCs) Were 
fractionated ol1ultrogel AcA-34 column (1.6 l< 100 cm). The 
peaks (PI, PIT, PIlI) (Fig. I) obtained were concentrated on 
Amicon dialyzer PM 30 and dialyzed agailllStTris - HCI bUffer 
0.05 M, pH 7.5 containing I mM EDTA and 0.02% sodium 
azide. Each of the 3 peaks was recycled on ultrogel AcA-34 
column (I x 40 em). The CSCs of S. typhimurium were also 
extracted by the cold EDT A (ethylene diamine tetra-acetic 
acid) extraction method of Kabir (l987). 

lmrnllnochemiccrl chal'crcle,.~zation of variou~ preparations 
ofS. typhimurium 163 

Biochemical analysis: The protein and carbohydrate in 
the UECSCs, its recycled peaks and cold EDTA extracted 
CSCs were. determined as per Lowry el al. (1951) and Dllbois 
el al. (1956) respectively. 

Immunological reaction: The UECSCs, its recycled peaks 
and EDT A extracted CSCs of S. typhimu/,ium were tested for 
their immunological activities against antiporin of E. coli 
K 12 and anti,serum prepared against sonicated antigen of S. 
typhimurium 163 by immunodiffusion test. The 
imJ1lllnodiffusion test was performed as per Hudson and Hay 
(1980) with slight modifications. 

Immunization of mice 
The mice were divided into 5 groups comprising 47,40, 

30,24 and 28 mice in groups 1,2,3,4 and 5 respectively. 
The mice in groups 1,2, 3 and 4 were immunized with 
UECSCs, recycled CSCs on ultrogel AcA-34 column peak 
(PI), recycled pooled peaks 1,2,3 (P1, 2, 3) and EDTA 
extracted CSCs of S, lyphimuriwn 163, respectively, a~ pel' 
Udhayakul11ar and Muthukkaruppan (1987). The mice in 
each of the 4 groups were immunized with 50 Ilg protein.! 
mouse, respectively, by subcutaneolls route twice at 2 weeks 
intervals. After separating 20, 10 and 10 mice from groups 
la, 2c and 4f for treating with carrageenan 24 hr before 
challenge, were nmned as 201\ 10 lid and 10 IVy and in control 
group as yh. 

Table 1, The protein and carbohydrate contents in the various 
preparations of S. typhinlUrillm 163 

Preparations 

UECSCs 
Recycled PI of UECSCs 
Recycled PI" of UECSCs 
Recycled PII" of UECSCs 
Recyded PIIb ofUECSCs 
Recyc:ied PlIc ofUECSCs 
Recyded PIlI ofUECSCs 
EDTA extl'acted CSCs 

Protein 
(mg/ml) 

304.0 
5.3 
4.0 
2.0 
3.8 
3.5 
1.5 
12,0 

Carbohydrate 
(mg/ml) 

14.59 
1.90 
1.20 
0.95 
1.60 
0.20 
Nil 
10,5 

CSCS , Cell surface components of S. lyphimuriul1l 163: PI" . 
recycled subpcak trom PJ; PJJ". PJJ", PJJc .recycled slJbpeilks pfPJJ. 

p, 

Fraction No. 
Fig, I. Recycled peak-I of urea extracted outer membrane 

proteins (porins) of S. lypimurium 163 on ultragel AcA-34 column 
(I ><40 cm). 
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Monitoring of humoral immune response (HIR) 
Collection o/sera: Immunized and cOlltrol mice were bled 

retro~orbitally with the capi liar)' tube. The sera were separated 
from the clot by centrifugation and stored at -20~C before 
use. 

Qttantitation of total immunoglobulin (Ig): The Ig levels 
in the serum sampJes of immunized and control mice collected 
at 0 day and at weekly intervals post immunization (PI) and 
p05tcballenge (PC) were determined as per Pfeiffer et Ql. 
e 19.77) as adopted by Chaturvedi and Kaura (1987). 

Detection 0/ antibodies in the serllm samples a/immunized 
and Challenged mice: The serum samples collected at 0 day. 
weekly intervals PI and PC were used for the detection of 
antibodies with the immunodiffusion test. 

Immediate typefootpad hypersensitivity reaction (lTFHR): 
The [TFHR was performed as per Collins and Mackaness 
(1968). The footpad biopsy was collected randomly in 10% 
formol-saline from each group of mice showing peak reaction 
at 6 hl' from antigen and saline inoculated sites for the 
histopathological examination. 

Cell-mediated immune response (eMIR) 
Nftrob{ue telrazolium (NBT) reduction test: NBT 

reduction test was perfonned at 0 day, weekly loterv.als PI 
and PC (Fl'ymus et al. 1985). 

Delayed type 0/ jootpad hypersensitivity reaction 
(DTFHR): The DTFHR was recorded at 12,24, 48, 72 hr on 
the sites at which ITFR wasrecorc\ect PEA, The skin biopsy 
at peak reaction of 72 hr was collected in formol-saline for 
the histopathological examination. 

Determination oj'ro/e of macrophage in immunity: Twenty, 
ten and ten mice immunized with UECSCs (group lb), 

recycled UECSCs PI (group 2d) and EOTA extracted CSCs 
(group 4g) were separated from the respective groups 24 hr 
before challenge and treated with type V Iota carrageenan 
following the method of Ishizaka et al. (1977) with slight 
modifications. 

Challenge experiment: Immunized and control groups of 
the mice Were challenged at 2 weeks post second vac~ina~ 
tion by liP route with 2 LDso culture .of s. typhimlldul1l 163 
(twice mice passaged containing l.16 x lOS cells), The surface 
viable count of the culture was done by spreading method 
(Cruickshank et al. 1965). 

PC mortality paUern and microscopic examination of 
tissue alterations: The mortality pattern of the mice immu~ 
nized with various preparations of UECSCs, its recycled peaks 
and EDT A extracted CSCs was recorded up to 3 weeks PC. 
The mice died PC and sacrificed "at 3 weeks surviving 
challenge were examined for the presence/absence of lesions 
and bacterial load} reisolation (Chaturvedi et aJ. 1994) of 
challenge organism in the liver and spleen. The liver and 
spleen of the surviving mIce sacrificed at 3 weeks PC were 
preserved in 10% formo I-saline and exam ined 
microscopically for the tissue alterations. 

Percentage protection 
The percentage protection of the PC surviving mice was 

ca.lculated at 3 weeks PC .in immunized and control groups. 

RESULTS 

Isolation, purification afeSCs ftom S. typhimwlum 
The UECSCs of S. typhimurium 163 were fractlortated on 

ultrogel AcA-34 column ( 1.6 x toO cm) and 3 peaks Were 

Tflble 2. Reisolation of challenge organism of S. typhimurium 163 from the liver and spleen of surviving mice sacrificed at 3 weeks 
post challenge 

Group No. TotalNa. hnmunizing agent Total No. TotaINo. Total NQ. of mice 
mice surviving " of mice positive for negative for 
challenge and challenge organism challenge organIsm 
sacrificed (04,12 antisera)' (04,12 antisera), 

Vaccinated 
la 27 UECSCs 12 11 
Ib 20*'10 UECSCs 2 2 nil 

2c 30 Recycled t)ECSCs PI 12 5 7 

2d 10** Recycled DECSC PI nil nil nil 

3e 30 Recycled UECSCs \1 8 3 

pr+PII+PIIl 
4f 14 EOTA extracted CSCs 8 7 
4g 10** EDT A extracted CSCs nil nil nil 

Mock-vacCinated 
Shl' 28 NSS 6 2 4 

-
*, Colonies l'cisotated reacted with O~4. 12 antisera by slide agglutin,ation test; >I< *, each mouse injected 3 mg carrageenan by rIp route ~4 

hr. before challenges: the mice were separated 24 or before challenge for trea\ing with carrageenan; CSCs. ce[( surface components. 
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Table 3. Immunopathological alterations in the liver and spleen 
of immunized mice sacrificed at 3 weeks surviving challenge 

with S'. typhimllrium 163 

Organs Alterations Group Group Group Group Group 
la 2c 3e 4f 5h 

-------_ .. _----
Livel' immunological 

Inliltration of lymphocytes + + + + + 
around bile duct and 
central vein 

Intravascular aggregation + + + + 
of monOl:ytes i 11 the 
central vein 

Congestion of sinusoids + 

Inllmmopafhological . 
Formation of granuloma + + + 

inside the central vein 
Small granulomcl at somc + + + 

places 

Pathological 
Cloudy swelling + 
Necrosis/necrosis ++ + 

coagulative type 

Spleen immunological 
R.E. cells ++ ++ + NO 

hypel'pla,ia 
Formation of secondary + + + NO 

follicles 

Immzmopalhological 
Granuloma fOl'mation + ND 

Patllological 
Congestion + NO 
Macrophage + NO 

infiltration 
Neutrophil + NO 

infiltration 
--_._----_ ... _----------
Group I a, Immunized with UECSCs: group 2c, immunized with 

recycled PI ofUECSCs; group 3c, immunized with recycled pooled 
PI+PIl+PTlJ ofextracted UECSCs: group 4t~ immunized with EOTA 
extractc~j CSC's; group 5h, mock vaccinated with NSS. 

obtained in tbe elution profile. These 3 main peaks were 
recycled 011 ultrogel AcA-34 colulTIn ( I x 40 cm) and eluted 
in large and some small peaks (Fig. I). 

lmmunochemical characterization of various preparations 
~lS. lyphil1luI'ium 163 

Biochemical anaIY~'is: The protein and carbohydrate 
contents are shown in Table I. 

Immunological reaction: The UECSCs of S. typhimurium 
formed 2 precipitin bands with antiserum of sonicated antigen 
of the S. typhimurillln and a single precipiti,u band with 
antiporin of E. coli K 12. The recycled PI of UECSCs and 
CSCs of EDTA extracted and UECSCs of S. typhimurium 

.~ 50 
::J 

.D 
0 40 en 
0 
c: 
EL~ 30 
EE ._ -.. 
E E'20-
:::J~ .... 
a,) 

10' II) 

ii5 
~ 
0 0, I-

0 1 3 4 2 2 3 
Post-immunizatIon 

(weeks) 
Post-challenge 

(weeks) 
Fig, 2. Immulloglobulin level in immunized micc with and 

without carrageenan treatment. 
e.--•• -e Tg ofSTMM Mice Gr Ie 
e--·---e hlg of 5 IMM and Carr treated Mice Gr I b 
e------e \ of 5 IMM mice Gr 2c 
e------e d of 5 IMM and Carr treated MiL:e Gr 2d 

Ig 

£l------£l cis of 5 IMM Mice Gr 3e 
x ___ ••• x r. of 5 IMM Mice Gr 4v 
x ••••• _x ~~s of 5 [MM and Carr treated Mice Cir 4g 
e-----e \ of 5 control 111 ice Gr 5h 
JMM Imunized, Carr-Cmrageenan. Superscript-surviving miee 

less than 5: Gr, group. 

showed precipitin line with antiporin of E. coli K 12, while 
recycled PII', lIb, lie and PllI did not show any precipitin 
line. Thus, the positive reactivity of these preparations with 
antiporin of E. coli K 12 confirms the presence of porin 
therein. 

Monitoring ~l immune response 
HIR: The serum Ig levels in the groups I a, 2e, 3e and 4f 

showed increasing pattern in the levels of serum Ig (Fig. 2). 
While at 1 week PC, the mice showed fali in the level of Ig 
and reached at the lev~l. of prechallenge at 3 weeks PC. 
However, the levels of the Jg in the immunized and 
carrageenan treated mice (groups 1 b, 2d, 4g) was 
comparatively very low after challenge. On the other hand. 
in mock vaccinated mice (5 h), the level of Ig was almost 
constant with siight fluctuation. The mice in group 4 
immunized with EDT A extracted CSCs shm'vecl higher level 
of Ig and higher percentage of survival compared to other 
groups. However, in groups of mice immunized and treated 
with carrageenan, there was abrupt fall in the level of Ig 
along with their heavy mortality. 

Detection q( antibodjes in the serum samples q/iml11l1ni::ed 
and challenged mice: The serum samples of mice collected 
at weekly intervals PI ancl PC showed precipitin line with 
UECSCs, recycled PI and EDT A extracted CSCs of S. 
typhimurium. 

fTFHR: The ITFHR in immunized mice in response to 
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tn 5 en 
~ 3 4 I 

~ _ .-----1-.-----1--__ .------+----,, __ " ___ ..... _. 1 2 3 -:5 § 2 "-", .. -,,_, 5 
"'C_ 

~ 1 
+oJ o 
o u.. 

O·L---I-..--J..-.J~~--L.----!._..l.-..-J 

o 1 3 6 12 24 48 72 
Post-inoculation of antigen in 

foot Dad (hr) 
Fig. 3. Footpad thickness jn mIce Immunlzeo wltn varIous 

preparations of esc (5) s. typhmurilllll 163 
------e--__ Footpad thickness 00 IMM Mice Or. I 
------0---- Footpad thickness of 3 IMM Mice Or. 2 
------/::;.---- Footpad thickness of 3 IMM Mice Or. 3 
------:<---- Footpad thickness of 3 IMM Mice Gr. 4 
------e---- Footpad thickness of 3 control Mice Gr. 5 

eliciting antigens is shown in Fig.3. The ITFHR in response 
to various preparations of UECSCs and EDT A extracted 
CSCs at 6 hr was 2.73 ± 0.12, 2.70 ± 0.02, 2.83 ± 0.03, 2.83 
± 0.03 mm in groups I to 4, respectively, while at the control 
sites reaction ranged from 2.37 ± 0.22 to 2.57 ±0.12 mm 
inoculated with NSS. However, ITFHR in mock vaccinated 
mice inoculated with NSS was 2.40 ± 0.03 mill. 

The microscopic examination of the footpad biospy 
collected at 6 hr PEA revealed mild oedema, congestion of 
blood vessels, intiltration ofneutrophils and few mononuclear 
cells in the dermis. 

eMIR 
NBT reduction test: The mice immunized in groups la to 

4g (before separation and carrageenan treatment) showed 
more 00 of the dye (formazan) released by the lysis of the 
phagocytic cells, which was 0.25-0.75,0.26-0.75,0.25-0.80 
and 0.29-0.70, respectively, at 1 to 4 weeks PI. In mice in the 
control group 5h, the 00 of the dye ranged between '0. 19-
0.70 at weeks postmock immunization. In groups 1 to 4 the 
00 of the dye was 0.24 - 0.64, OJ I - 0.60, 0.25 - 0.48 and 
0.2 I - 0.52 at weeks PC respectively . .In control group 5h the 
00 of the dye ranged between 0.24 - 0.64 at 1 to 3 weeks 
PC. However, groups of mice (1 b, 2d, 4g) immunized and 
treated with carrageenan showed less 00 ofthe dye than the 
mice immunized but not treated with carrageenan. On 
comparative analysis, it was clear that mice treated with 
variolls preparations ofCSCs showed activation of phagocytic 
cells. In groups I a. 2c and 4f, there was comparatively more 
00 than the other groups. However. in groups I b, 2c and 4g 
treated with carrageenan the 00 was less in comparison to 
untreated groups. 

DTFHR: The OTFHR recorded at the antigen inoculated 
sites at 72 hr ranged ti'ol11 2.65 ±.0.04 111m, while reactions, 

recorded at control sites inoculated with NSS was in the ran!!c 
of 2. I O,± 0.00 to 2.20 ± 0.00 mm. On the other hand. l1lo~k 
vaccinated mice shqwed 2.12 ±,O.04 mill thickness at T2 hI' 
postinoculation of NSS. However, footpad thickness was 
comparatively more in group of the mice immun ized with 
EDT A extracted CSCs than in other groups, but in control 
mice inoculated with NSS, the thickness waS almost 
negligible (Fig. 3). On histopathological examination. 
infiltration of mononuclear cells and proliferation of 
histocytes in the dermis were observed in the footpad biopsv. 

Fili 4. ImmuOI . .dng ability of various preparations ofCSC IS) (If 
S. typhimurium 163 in mice against challenge with S. l)'phiJ/lIll'illlll 
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Challenge experiment and percentage protection 
The mice in each group were challenge with 2 LDjO by II 

P route and mortality pattern was recorded up to 3 weeks 
PC. The mice in groups la, 2e, 3e and 4f survived 44.44, 
40,0, 36.66 and 42.86%, respectively, while in the control 
group 5h the survival was 21.43% (Fig.4). Further, mice 
immunized and treated with carrageenan in groups Ib, 2d 
and 4g showed) 0.00, 0.00 and 0,00% survival respectively. 
It shows that the treatment of mice with carrageenan made 
the mice more susceptible for PC infection by destroying 
macrophages, 

On statistical analysis by applying Chi-square test, the 
effect of the vaccine in each group was tested and difference 
between percentage protection of immunized versus 
immunized and carrageenan treated mice as well as differ­
ence between immunized and control groups were significant. 

'In group 4, the difference between 4fand 4g was highly sig­
nificant. The mice immunized with UECSCs (group la) and 
EDT A. extracted CSCs (group 4f) showed higher percentage 
protection than the mice immunized with UE recycled PI 
and recycled pooled peaks PIto PIll. However, the percent­
age protection ill control mice (group 5h) was comparatively 
poor. Fl1l1her, the mice immunized with UECSCs and treated 

. with carrageenan (group 1 b), mice immunized with recycled 
PI and treated with carrageenan (group 2d) and mice immu­
nized with EDTA extracted CSCs and treated with 
carrageenan (group 4g) showed abrupt incre;3.se in the 
mortality pattern than the untreated groups (I a, 2c, 3e and 
4f; (Fig. 4). 

The viable count of the challenge organism dropped in 
the liver and spleen counted at weekly intervals of the 
immunized mice died Pc. The decrease in the count ranged 
from 5.52" to 483.33" fold in the liver and from 8.72 to 5,8 x 

1 O~ in the spleen over the original challenge inoculum which 
was L 16 x I OJ Iml. [n contrast, there was approximately 5 x 
10; fold increase in the viable COLIllt in the spleen of the control 
group over the challenge inoculum, The viable cOllnt of the 
challenge organism in the spleen of the immunized and 
carrageenan treatt-d PC died mice was more than immunized 
mice and almost equal to the control mice, 

Reisolation of the challenge organism from the post­
challenged surviving sacrificed mice 

The surviving mice in groups 1 a and 2c (12 mice in each 
group), II and 5 sacrificed surviving challenge were positive 
for the challenge organism respectively. On the other hand, 
in immunized and carrageenan treated groups 1 b, 2 of the 
surviving mice were positive for the challenge organism. In 
groups, 3e and 4t~ 8 out of II and 7 out of 8, the surviving 
mice were positive for the challenge organism respectively, 
However, immunized and carrageenan treated mice in groups 
2d and 4g,died cent percent Pc. In the control group (5h) 2 
OLlt of6 mice were positive for the challenge organ ism (Table 
2), 

Microscopic alterations in the liver and spleen of 
immunized mice sacrificed surviving challenge 

In groups 1 a, 2c, 3e, there was immunological and 
immunopathological changes in the liver, while in group 4f, 
there was immunological reaction and no pathological 
changes were observed (Table 3). Further, in spleen of 
immunized groups 1 a, 2c, 3e, there was more immullological 

,reaction and no pathological changes except in groups III 
and 2c. However, in group 4f, some immunological reaction 
and no pathological reaction were recorded on the 
microscopic examination. 

Mice died I week PC examined randomly in the 
immunized groups showed reticuloendothelial cell 
hyperplasia, congestion ofsinusoids, while mice died in the 
control group, showed moderate infiltration of neutrophils 
around the central vein and bile duct, mild granuloma 
formation, severe perihepatitis, thickening of liver capsule 
and chronic infection. 

DISCUSSION 

Mice immunized with UECSCs, recycled peaks and EDTA 
extracted CSCs of S, typhimllrium 163 showed both humoral 
and c~ritular immune responses. These immunological 
responses were also reported by Udhayakull1ar a,nd 
Muthukkaruppan (1987), Muthukkumar and Muthuk­
karuppan (1993) and Villamil et {If. (1995). The UECSCs 
and EOTA extracted CSCs of S, typhimurium were immuno­
genic and protective in mice. These findings are consistent 
with the findings in poultry (Bollzoubaa et af. 1987) and 
rabbits (Kabir 1987), 

In this investigation, the UECSCs and EDTA extracted 
CSCs are OMP-LPS-complex of S, (J>phil71ul'iZlI71 compara­
tively contained more LPS ancl provided better protection PI 
in mice of groups la and 4f, respectively, than that of the 
purified, recycled UECSCs - PI and recycled UECSCs pooled 
peaks (PI+PII+PIII) containing less LPS, used for the 
immunization of mice of groups 2c and 3e respectively, The 
current evidence supports our findings that protective 
immunogens in the killed vaccine are associated with LPS 
(Muthukkumar and Muthukkaruppan 1993), while purified 
oligosaccharides derived from the O-specific antigens of S', 
typhimurium are not potent protective imlTIunogens (Jorbecli. 
ct at. 1981, Svenson and Lindberg 1981) and small size of 
oligo saccharides in these vaccines of mouse typhoid might 
be responsible for the loss of il11ll1unogenicity (HstJ c/ ,,/. 
1985), 

In this investigation, eMI studied by DTFHR, NBT 
reduction test, heavy mortality illlllacrophage depleted mice 
(treated with carrageenan), indicated that eMI might be 
playing a major role in the clearance of challenge organism 
in the light of intracellular nature of organism, thus helping 
in the survi.val of the challenged mice PI. This finding is 
corroborated by the findings of Cameron el ai, (1974) and 
Collins (1974), who also emphasized tile signiticance ofCMI 
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in the survival of poultry and mice challenged PI with 
antigens of Salmonella species. The role of macrophages in 
PI immunity was demonstrated by NBT reduction test and 
carrageenan treatment of mice. The abrupt increase in OD 
of NBT reduction test was observed at I week PI and PC, 
indicating the phagocytic activity of the activated 
l11acrophages in the immunized mice. Further, immunized 
mice treated with carrageenan (macrophage depleted mice) 
died 90.0% in group I b, 100.0% in group 2d and group 4g. 
PC with S. typhil1luriitm indicated the significant role of 
macrophages in protection against intracellular infection. 
Selective toxicity of carrageenan for macrophages, but not 
to T and B-cells was proved by in vilro lymphocyte 
transformation studies in human and guinea pig (Lake e{ al. 
1971 ), in vivo antibody production by B-cells in response to 
T-independent and dependent antigens in mice (lshizaka e/ 

al. 1977). The immunized mice treated with carrageenan 
showed 90.0 to 100.0% PC mortality in comparison to the 
other groups. The death of immunized and carrageenan 
treated mice might be possibly due to unhindered growth of 
the challenge organism in the liver and spleen. which showed 
more viable count of the challenge organism than the other 
immunized groups. Our findings are consistent with the 
findings in mice treated with silica (macrophage depleted 
mice) and infected with S. typhimuriuni (O'Brien I:.'t al. 1979) 
and infected with C. neoformans (Monga 1981). 

Histopathological evidence of protection provided by 
immunological reaction (cellular infiltration) in the visceral 
organs (liver, spleen) of immunized mice sacrificed surviving 
challenge, was absent in the control mice. However, there 
was only immunological reaction in the liver and spleen of 
mice immunized with EDT A extl'acted CSCs and this prepa­
ration was comparatively more immunogenic. These findings 
were SUPPo11ed from the resu Its by Teuscher e( al. (1988) 
and Chaturvedi et al. (1994). Further in the light of immune 
responses, it would be worth, if cell surface components could· 
be used with the suitable immunomodulator for the 
immunization trial in the laboratory animals. 
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ABSTRACT 

Studies were conducted to compare the efficacy of live avirulent 9R vaccine, protein extracts and formalin· killed 
bacterin for the protection of chickens against fowl typhoid. Vaccination of birds at 9 weeks of age using strain 9R with 
and without j:;'reund's complete adjuvant resulted in 95 and 100% survivors, but the challenge strain persisted in the 
organs of 1 bird each. The use of crude protein extract + adjuvant resulted in 100% survival rate along with total 
clearance oflhe challenge strain of Salmonella gallinarum from all the survivor birds. Addition of Freund's complete 
adjuvant during primary vaccination resulted in higher antibody titres and survival rate. Killed bacterin without adjuvant 
gave minimum protection against fowl typhoid. 

Key words: Fowl typhoid, Killed bacterin, Membrane proteins, Salmonel/a gal/inarum, Vaccines live 

The outbreak of fowl typhoid caused by Salmonella 
gallinarum, result in devastating losses in adult fowls and 
in young chicks. Efforts have been made to control the disease 
by vaccination of birds with different vaccines (Bouzoubaa 
et at. 1987, 1989, Barrow 1990). The present study was 
undertaken to compare the efficacy of different live or killed 
vaccines for proteetion of birds against fowl typhoid. 

MA TERlALS AND METHODS 

Live vaccine 
The 9R strain of S. gallinarum was used as a live vaccine. 

Growth of 9R organisms on Mueller Hinton agar was 
harvested with sterile normal saline solution. This suspension 
was used in aqueous or adjuvanted form after mixing it with 
equal volumes of normal saline or with Freund's complete 
adjuvant (FCA) so that the finished product contained 40x 1 07 

organisms/mi. 

Killed vaccine 
A strain of S. gallinarZlm isolated from a case of fowl 

typhoid was used for the preparation of formalin" killed 
bacterin. The overnight growth of organisms in Roux flasks 
containing Mueller Hinton agar was harvested with normal 
saline solution 'and given 3 centrifugal washing. After 

Present address: IAssistant Bacteriologist, Department of 
Gynaecology and Obstetrics; 2Assistant Professor, Department of 
Bacteriology and Virology; 'Professor, Department ofimmunology. 

Table I. Per cent reactors detected by rapid plate agglutination 
test after vaccination with various vaccines against S. gallinarum 

Group Vaccine Adju" Days post·vaccination 

vant*' 10 20 30 40 50 60 70 

9R 5 20 15 30 25 100 100 
+ 15 60 50 75 65 100 100 

II Killed· 85 100 100 100 100 100 100 
bacterin + 95 100 100 100 100 100 100 

11I Crude 90 100 100 100 100 100 100 
protein + 95 100 100 100 100 100 100 
extract 

IV ·Purified - 80 90 85 lOa 100 100 100 
protein + 90 95 95 100 100 100 100 
extract 

V Control 0 0 0 0 0 100 100 

*Incorporated during primary vaccination only. 

adjusting the concentration of the suspension to 1011 
organisms/ml, the organisms were killed with 0.3% formalin. 
This sllspension was mixed with equal volume of FCA or 
used as an aqueous suspension. 

Memhrane protein extract 
The strain of S. gal/inarum used for preparation of 

bacterin, was used for the isolation of outer membrane 
proteins by the method described by Bouzoubaa et al. (1987) 
with slight modifications. The pooled supernates after 
extraction were concentrated with the help of lyophilizer. 
This extract was purified by gel filtration through ;'l column 
of 2.5 em x 50 em containing Sepharose-6B. The purified 
protein extract was used @ 2 mg/bird. The protein extract 
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Table 2. Geometric mean (log 2 x 10) antibody titre for various 
vaccines against S. gallinal'llm 

Group Vaccine Adju- Days post"vaccination 

vant* 10 20 30 40 SO 60 70 

9R 1.0 1.2 1.1 1.2 1.1 3.8 3.4 
+ 1.1 1.7 1.6 2.1 1.8 4.2 3.7 

IT Killed- 3.0 4.1 3.9 4.3 4.1 5.1 4.6 
bacterin + 3.5 4.7 4.5 5.1 4.9 5.5 5.3 

III Crude 3.2 4.3 4.0 4.7 4.4 5.0 4.8 
protdn + 3.7 4.9 5.1 5.3 4.9 5.7 5.0 
extract 

IV Purified 2.3 3.0 2.8 3.6 3.4 4.2 4.0 
protein + 3.3 4.0 4.0 4.9 4.3 4.9 4.7 
extract 

V Control 0.0 0.0 0.0 0.0 0.0 3.2 4.2 

., Incorporated during primary vaccination only. 

was also used in its crude form (without gel filtration) @ 3 
mglbird. Both the extracts were used in aqueous form or 
after blending with FCA. 

Experimental design 
The birds were distributed into 4 groups of 40 birds each. 

Each group was further divided into subgroups of 20 birds 
each. One subgroup within each group was given the 
respective vaccine as aqueous suspension and the other with 
FeA at 9 weeks of age. The booster dose of respective vaccine 
in the form of aqueous suspension only, was given to all the 
birds at 13 weeks of age. One group of20 birds served as 
unvaccinated controls. Blood samples were collected from 
all the birds at 10 day intervals. The birds were subjected to 
serological testing by rapid plate agglutination test using S. 
pullorum stained antigen (IVRl). Sera samples were also 
subjected to microagglutination test as described by Williams 
and Whittemore (1971) with minor modifications. The 
working dilution of antigen was determined by checker board 
titration. 

The birds in all the groups including controls were 
challenged 3 weeks after the second vaccination with 1 !TIl 
of diluted 18 hI' broth culture of S. gallinarum mixed with 
OJ g of alkali powder (Smith 1955). Daily mortality was 
recorded for 28 days and the dead birds were subjected to 
bacteriological exam ination for the isolation of the challenge 
strain. After 28 days, all the birds were killed and the samples 
from liver, spleen, and ileocecal junction were cultured to 
see the clearance of systelnic infection. 

RESULTS AND DISCUSSION 

In the group vaccinated with 9R vaccine without adjuvant, 
a maximum of 30% reactors were detected on 40th day 
post-primary vaccination, whereas 75% of the birds injected 
9R + adjuvant showed antibody production (Table 1). In the 
other vaccinated groups most of the birds gave positive 
reaction. In general, addition of adjuvant resulted in more 

Table 3. Protection rate afforded by different vaccines against 
fowl typhoid 

. -.--------. 

Group Vaccine Adju- Total No. of sur vi VOl'S 

vant mortality positive for challenge 
out of20 strain/total survivors 

----
9R 0 (0) 1/20 (5.0) 

+ 1 (5) 1/19 (5.26) 
11 Killed- 7 (35) 4/13 (30.76) 

Bacterin + 3 (15) 2/17 ( 11.76) 
III Crude 2 ( 10) 0/18 (OJ) 

protein + 0 (0) 0/20 «(HI) 

extract 
IV Purified 4 (20) 1116 (6.25) 

protein + 2 (10) 1118 (5.55 ) 
extract 

V Control 13 (65) 5/7 (71.42) 

Figures in parentheses indicate percentage. 

reactors. The development of antibody following vaccination 
with 9R and protein extract has been reported (BouzOllbaa 
et al. 1989). As regards the microagglutination test (Table 
2), geometric mean antibody titres were lowest in the birds 
vaccinated with live avirulent (9R) vaccine. Highest titre 
(before challenge) were observed 40 days post-primary vac­
cination in the birds vaccinated with crude protein extract + 
adjuvant followed by birds vaccinated with bacterin + 
adjuvant. The serological titres in the group vaccinated with 
purified protein extract + adjuvant were slightly less than 
those vaccinated with crude protein extract. Antibody levels 
were higher in the birds injected with vaccines containing 
adjuvant. Booster dose of different vaccines resulted in higher 
antibody titres. Silva et at. (1981) have reported that vacci­
nation with killed S. gallinarum + adjuvant stimulated the 
highest and most uniform antibody response and that addition 
of mineral oil adjuvant to 9R enhances the antibody response. 
The mortality pattern in the vaccinated birds following oral 
challenge with S. gallinarum (Table 3) reveals that 9R vaccine 
resulted in 95 and 100% survivors when used with or without 
adjuvant respectively. The challenge strain was isolated from 
the ileocecal junction of I bird each in 9R and 9R + adjuvant 
vaccinated birds that survived the 28 day observation period 
postchallenge. Therefore, it seemed that some of the birds 
were not totally cleared of infection. The results agree with 
the work of other investigators who have repolied that 9R 
vaccine gave variable protection against natural or 
experimental fowl typhoid (Silva et al. 1981). The membrane 
protein extract when used in crude form along with adjuvant 
resulted in 100% protection. But gel-filtered protein extract 
afforded 90% protection when used along with adjuvant and 
80% when used without adjuvant. Systemic infection 
seemed to be totally cleared from the birds vaccinated 
with crude protein extract, but I bird cultured positive 
out of 16 and 18 surviving birds administered purified 
protein extract without and with adjuvant respectively. 
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Bouzoubaa et al. (1987) have reported that serological 
titres and protection rate increased with the increase in 
amount of protein injected. In this study, comparatively 
lower protection by purified protein extract might have 
been because of the presence of lesser alllount of 
immunogenic components compared to that present in 
the crude extract. 

The birds vaccinated with fonnalin-killed bacterin with 
and without adjuvant suffered 15 and 35% mortality on 
challenge. The challenge strain could be isolated from 11.76 
and 30.76% of the survivors respectively. So killed bacterin 
did not seem to be effective in reducing the losses from fowl 
typhoid. These observations are similar to those of Silva et 
"I. (J 98]). Within a group mortality was less in the birds 
immunized with adjuvant incorporated vaccines except in 
the birds vaccinated with '9R + adjuvant' in which 1 bird 
died Ollt of 20. Silva et al. (1981) reported that addition of 
oil adjuvant to 9R vaccine interfered with the protection and 
gave even less protection than inactivated oil adjuvanted 
vaccine. 

In this present study, there was no direct relationship 
between the antibody titres and the level ofprotectiol1 afforded 
by different vaccines thereby indicating a little role ofhuInoral 
factors in the protection of birds against fowl typhoid 

(Padmanaban et al. 198 J, BOllzoubaa el al. 1987). 
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ABSTRACT 

Clinicopathological studies on IBH was carried out in bursectomizcd and thymectomized chicks and tindings were 
compared with normal chicks. After bursectomy and thymectomy, chicks free from avian adeno virus detected by dot ETA 
method were grouped into thymectomized, bursectomized and normal. Each group was further divided into 2 subgroups. 
One subgroup from each group was inoculated by IBH virus @ 10 7.5 TCID

5u
' The other subgl'Oup of each group was kept 

as control. Haematoiogical studies revealed fall of haemoglobin (Hb) and total erythrocyte count (TEC) values at 3 and 
5 days post- inoculation (DPI) followed by slight increase which indicated anaemia in first stage followed by 
haemoconcentration due to diarrhoea. Anaemia was more severe in thymectomized infected and blll'sectomizl:d infected 
groups. The absolute lymphocyte count as also T cell population increased considerably. Among biochemical param­
eters, uric acid, lactic dehydrogenase, serum glutamic oxaloacetic transaminase, serUlll glutamic pyruvic transaminase, 
alkaline phosphatase increased in all the infected groups as compared to the non-infected groups. The increase was more' 
marked in thymectomized infected and bursectomized infected groups. Gross lesions were seen only in liver at 5 and 7 
DPI which comprised enlargement, mottling and congestion. Kidneys were slightly nephrotic. Histopathologically. liwr 
has vacuolar degeneration with congestion, haemorrhage and sometimes necrosis, intranllcl~ar inclusion bodies in hepa­
tocytes were seen between 5 and 7 DPI. In 1', group, the lesions were more severe and inclusions appeared 3 DPI 
onwards followed by BI gro.up. Studies revealed that thymectomized group was most susceptible than other groups. 

Key words: Bursectomized, Chicks, Inclusion body hepatitis, Thymectomized 

Inclusion body hepatitis, a disease of yo ling chicks caused 
by adenovirus result in heavy mortality in association with 
stress of any kind or immunosuppressive factors. It has, 
therefore, been envisaged to study the clinicopathology of 
the disease in thymectomized and bursectomized chicks as 
compared to the disease in chicks with intact thymus and 
bursa. 

Table I. Procedure followed for experimental studies in various 
groups 

MATERIALS AND METHODS 

Day-old broiler chicks (200) were procured from Punjab 
Agricultural University hatchery. Chicks were divided in 3 
groups. In the first group, bursectomy was conducted (Eslami 
1967) using halothane as general anaesthesia at day-old 
stage. Using the same anaesthesia, thymectomy was 
performed in the second group (Eslami 1967). On second 
day, cloacal swabs were subjected to indirect-dot EIA (Oberoi 
et al. 1993). Birds positive to viral antigen were discarded, 
and only negative birds were used for experimental studies. 
Chick embryo passaged IBH virus was obtained from 
Department of Bacteriology and Virology, PAU, Ludhiana, 

Present address:' l/C Veterinary Hospital Ghanauli Distt. Patiala. 
2Professor. Veterinary Pathology, College of Veterinary Sciences. 

_----_. __ -._------
Groups No. of Dose of virus 

birds in 
each 

groups 

inoculated at 
21 days of age 
intraperitonally 

per chick. 
3 

Normal control 30 5 
(NC) 

Normal 30 log I07.ITCID jll 6 
infected (NI) 

Bursectomized 30 5 
control (BC) 

Bursectomized 30 log J07sTCIDsII (J 

infected (BI) 

Thymectomized 30 5 
control (TC) 

Thymectomized 30 log 107 sTCIf)jll 6 
infected (TI) 

No. of chicks 
sacl'iticed DPl* 

j 7 () 

5 5 

6 6 (1 

5 5 4 

6 6 5 

5 5 4 

6 6 5 

*Matedals collected at the time of sacrificing; I, blood in heparin 
for haematology; 2, blood for serum for biochemical sludies; 3, 
tissues in 10% formalin saline. 
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Fig. 1. Alterations in haemoglobin concentration in various 
groups of the experiment. 

which was isolated from the liver of naturally infected birds. 
The chicks found free from adenovirus Were divided in 

different groups and treated (Table 1). 
The chicks were closely observed for any clinical 

symptoms and mortality daily to ascertain the effect oflBH 
virus on chicks. Blood was collected from each bird in 2 
clean autoclaved vials before sacrificing the birds (Table 1). 
One vial contained 0.1 ml heparin for collecting blood for 
haematological studies. Blood was collected in the second 
vial without any anticoagulant for serum separation for 
biochemical studies. Haemoglobin (Hb) was determined by 
haemoglobinometer. Total erythrocyte cOllnt (TEC) and total 
leukocyte count (TLC) were made ( Wiseman 1931). 
Differential leukocyte count (DLC) was done by staining the 
blood smears with Wright's stain and counting at least 100 
cells. T and B cell status has been ascertained on the basis. of 
demonstration of esterases in peripheral blood leukocytes 
(Osbaldiston et al.1978). Alpha naphthyl acetate esterase 
activity was demonstrated as reddish brown staining granules 
in T lymphocytes. Cells showing no such activity were 
considered as 13 cells and negligible popUlation of natural 
killer cells. 

Biochemical parameters, viz. protein, albumin, alkaline 
phosphatase (AKPase), lactic dehydrogenase (LDH), uric 
acid, serum glutamic pyruvic transaminase (SGPT), serum 
glutamic oxalate transaminase'(SGOT), were analyzed on 
auto analyzer. 

Representative tissue pieces of kidneys, spleen, bursa of 
Fabricius, thymus, heart, lungs, and brain were collected in 
10 % formalin. Sections were cut at 5 Il thickness by paraffin 
embedding technique and stained with H&E stain. 

RESULTS AND DISCUSSION 

After inoculating IBH virus intraperitonally at 21 days 
of age, the chicks were observed for 9 days. No clinical signs 
were observed in the control group. The infected groups did 
not show any clinical signs liP to 5 DPI after which reduced 
feed intake and ruftled feathers were observed up to 8 DPI, 

when some of the chicks passed sticky faeces. After 8 DP! 
the chicks showed signs of recovery. 

The Hb and TEC values were comparable in NC, BC and 
TC groups (Figs }-3). In NI group, Hb and TEC values 
decreased at 3 DPI and further decreased at S DPI, slightly 
increased at 7 DPI and almost came to normal level at 9 
DP!. The fall in Hb and TEC values indicate anaemia. The 
rise in values of Hb and TEC at 7 and 9 DPI appears to be 
due to haemoconcentration as a result of diarrhoea. Anaem ia 
has been recorded earlier by Mishra (1988). In BI group, the 
Hb and TEC values were significantly lower compared to 
BC but higher than that ofNI group up to 9 DPT which may 
be because of more severe diarrhoea and thus 
haemoconcentration. In TJ group, Hb and TEC values were 
significantly lower than TC group. These values decreased 
at 3, 5 and 7 DPI but increased at 9 DPl. This indicate 
anaemia and later haemoconcentration due to diarrhoea. 

The TLC and ALC values in different groups are given in 
Table 2. The values in NC group remained almost stable. In 
Be group, these values decreased due to the absence of B 
cells. Since circulating lymphocytes are T cells, thus TLC 
and ALC values were more low in TC group. The NI group 
revealed increased TLC and ALC up to 7 DPl with slight 

Table 2. Total leukocyte and absolute lymphocyte values in 
different groups 

Name of Days post- Totalleukocyte Absolute 
groups inoculation count x 103 lymphocyte valu.es )( 10J 

Normal 3 8.30±:J .32 6.2±0.27 
control 5 9.93±1.06 7.30±0.17 

7 9.84±1.28 7.34±0.04 
9 9.32±1.52 6.99±0.06 

Normal 3 9.05±0.75 7.05±0.06 
infected 5 10.21±1.29 8.21±O.l8 

7 10.98±0.78 9.03±0.16 
9 10.98±1.26 8.48±0.23 

Bursectomized 3 6.48±I.26 4.66;1:0.2 
5 7.68±1.32 5.58±0.06 

control 7 7.72±1.88 5.65±0.18 
9 7.09:1:1.75 5.12±0.07 

Bursectomized 3 6.78:1:],06 6.60:1:0.23 
5 9.05±0.95 6.90±0.11 

infected 7 9.95:1:1.14 7.36±0.36 
9 10.20:1:1.25 7.59±0.35 

Thymectomized 3 3.75:1:0.62 2.97±0.04 
5 3.68:1:0.21 2.99±0.07 

control 7 3.29:1:0.62 . 2.63±0.06 
9 3.28±0.72 2.64±0.07 

Thymectomized 3 4,16:1:1.09 3.00±0.06 
5 4.17±1.12 2.88±0.82 

infected 7 4.28:1:1.06 2.93±0.07 
9 4.38:1: 1.06 2.95±0.02 

------------, 
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Post-infection (days) 

Fig. 2. Alterations in. total erythrocyte count (TEe) in various 
groups of experiment. 

fall at 9 DF!. In BI group, significant lymphocytosis 
(significant at 0.01 % level) was observed up to 9 DPI in 
comparison to BC and NC group but not beyond Nl group. 
However, in TI group, significant Iymphopaenia was seen as 
compared to the NC and NI groups. However, there was slight 
and nonsignificant increase in lymphocytes as compared to 
the TC group. This indicated that f3 cell population increased 
in the defense process. The role of the T cells can be expressed 
by the significant increase in the population ofT cells in NI 
and BI groups. 

The biochemical parameters were studied at 3,5,7,9 DPI 
in all the experimental groups. 

There was nonsignificant fluctuation of total serum 
proteins at different stages of experiment in each group. 
However, total proteins varied significantly between infected 
groups. Total proteins increased at 3 DPI in NI group which 
decreased at 7 DPI but again slightly increased at 9 DP!. In 
Bf group, the total protein values were lower compared to 
the Be group throughout the experiment with progressive 
decrease up to 7 DP! in Bl but with slight increase at 9 DP!. 
Similar trend of decrease in total protein was seen in TI group 
compared to the TC group up to 7 DPI with slight upward 
trend at 9 DPI. The protein values can be correlated to the 
extent of degenerative changes in liver. 

Serum albumin concentration varied nonsignificantly. The 
serum albumin values were comparable in all the control 
groups. In the NI group, the values decreased at 5 DPI which 
fUliller decreased at 7 DPI but increased at 9 DP!. In BI group, 
the values decreased up to 7 DPI but increased at 9 DP!. In 
the TI group, the value decreased throughout the experiment 
and were lower than those found in other infected groups. 
The nonsignificant variations indicate that albumin part is 
not affected much and only globulin pati of total seruill protein 
has been depressed by the virus infection in bUl'sectomized 
and thymectomized groups. 

Uric acid concentration was comparable in all the control 
groups. In NI group, constant increase was observed as also 

recorded by Mishra (1988). In BI and TI groups, the increase 
was more marked up to 7 DP] after which the values 
decreased but remained higher compared to NI group. This 
trend appears to be correlated with the severity of the lesions 
particularly in kidneys. 

The LDH values varied significantly in control and 
infected groups. Values were highest in NI group. In other 
infected groups there was nonsignificant increase in values. 
Thus no specific conclusion can be drawn. 

SOqT levels varied nonsignificantly in control groups 
during different stages of the experiment. In NI group, the 
level was significantly higher than control groups. In BI and 
TI groups, th,e levels initially increased followed by decrease. 
The increase in all the infected groups indicate soft tissue 
damage. The present results are similar to those of Mishra 
( 1988). 

The control groups showed almost identical picture of 
SOPT levels. All the infected groups showed significant 
increase. The SOPT values are indicative of liver damage 
which is required for the leakage of enzyme into blood stream 
(Kaneko 1989). The necrosis was more in the liver of BI 
group which explains the highest level of the enzyme in this 
group. 

AKpase values rose steeply in all the infected groups. The 
increase was highest in TI group followed by BI and NI groups 
(Kohlar and Hromatka 1974). 

The chicks of the control groups ie, normal control (NC), 
bursectomized control (Be), thymectomized control (TC) 
sacrificed at different intervals did not reveal any gross 
lesions. Grossly the liver of chicks belonging to normal 
infected (NI) were comparable to control groups at 3 DPI, 
how~ver, at 5 DPI slight enlargement was observed. At 7 
DP!, liver showed rounding of the borders, enlargcment and 
slight congestion and mottling. At 9 DPI, the extent of the 
lesions decreased. Kidneys were enlarged and nepilrotic at 5 
DPI and 7 DP!. The severity of the lesions decreased at 9 
DPl . No other significant changes were observed in other 
organs. In bursectomized and thymectomized infected (BI,TI) 
groups, the chicks showcd gross lesions identical to NI group 
except the presence ofpetechial haemorrhages in the thymus 
ofBl group. 

His10pathologically, the control groups did not reveal uny 
changes except cloudy swelling in the hepatocytes of some 
of the cases. 

In NI group chicks, liver had varying degrees ofvncliolar 
degeneration with or without III ild lymphoid cell infiltra­
tion. These lesions became more severe on 5 Drl (FigA ). At 
7 DPI, congestion and haemorrhages and somctimes the 
necrosis were the additional changes. At 9 DP!, the intensity 
of the lesions decreased. Howcver, the l1lononuclear' cell 
infiltration was seen. The intranuclear inclusion bodies in 
hepatoc:ytes (INIB) seen at 5 DPI, were more frequent at 7 
DPI but rare at 9 DP). 

Kidneys had lesions of nephrosis at 3 and 5 Drl 
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of broiler chicks, 

comprising granular and vaclIolar degeneration and even 
coaggulative necrosis of the tubular epithelial cells. At 7 
~nd 9 DPI, the degenerative changes persisted with additional 
lesions of congestion and haemorrhages and attempts at 
tubular epithelial cell proliferation, 

Myocardium had congestion and mild mononuclear cell 
infiltration at 3 DPT ,lymphoid cell aggregates at 5, 7 and 9 
DP!. At 9 DPI, the intensity of the lesions decreased. Bursa 
of Fabricius showed rarefaction of lymphoid eeJis particu­
larly at 7 DP!. Other organs did not reveal any significant 
changes except mild congestion and haemorrhages, 

9 

In Bl group chicks, the lesions in liver and kidneys were 
similar to those ofNI group except that the lesions at 5 and 
7 DPI were relatively more severe, when the congestion and 
haemorrhages were prominent changes, INIB were more 
frequent at these intervals. Myocardium had granular 
degeneration at 3 DPI, mild haemorrhages and extensive 
mononuclear cell infiltration along with proliferation of 
mesothelial cells at 5 DP!. At 7 DP!, lesions were similar to 
those of NI group, 

In TI group, the lesions were more severe compared to 
N! and BI groups, Liver had congestion, haemorrhages and 
degenerative changes and INIB frol11 3 DP! onwards which 
were maximum at 7 DP!. Kidney lesions were identical to 
NI group at 3 and 9 DPI , At 5 and 7 DPI subcaps'ular 
haemorrhages and degeneration were more marked. 
Myocardial lesions were more severe than other groups, Bursa 
had mild fibrosis and hetel'ophilic infiltration, Rest of the 
organs had only mild congestion, 

The gross lesions in the NI group were similar to those 
recorded by Christensen and Saifuddin (1989) and Sandhu 
el (If. (1995), Gross lesions in 81 and TJ groups were similar 
to NI group except petechiae on the thymus of BT group. 
Thymus haemorrhage was repOlted by Hoffman et aI, (1978), 

Histopathological lesions in JiveI' and kidneys in NI group 
were sim ilal' to those recorded by Nayak et ai, (1990) and 

.t'lg, 4, Normal infected group at 5 DP!: I-1epatocytes iJaving 
cxtenshe vacuolar degeneration, I-I & E. 125, 

Sandhu et al.(l995). Lungs and bursa lesions were similar 
to those recorded by Mishra (1988) and Sandhu et af.(1995). 
Lesions in BI and TI group were more severe compared to 
NI group possibly because of immunosuppression. 
Bursectomy has also been rep0l1ed to induce outbreaks of 
IBH (Hoffmann et al.1978). The TI group had more severe 
lesions than NI and Bl chicks, thus indicating that the 
celI~mediated immunity play the main defense role, Sandhu 
et al. (1995) studied the effect of immunosuppression on the 
course of IBH, They inoculated chicks with IBH virus and 
fed with aflatoxin or ochratoxin or both simultaneously and 
recorded the most severe lesions in the combined treatment 
groups than individual treatment groups, 

It can, therefore, be concluded that the severity of the 
disease increase in thymectom ized and bursectomized groups 
compared to the normal group. 
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ABSTRACT 

A survey of cryptosporidiosis was carried out in some animals and human beings in contacts. Faecal specimens ( 180) 
from patients suffering with gastroenteritis at Gharbia province in Egypt were screened for cryptosporidium oocysts. 
The oocysts were detected in 9 patients (5.0%). Faecal specimens (44) were collected from the households living with the 
patients who showed cryptosporidiosis by laboratory investigation. The oocysts were detected in 2 ofthese households. 
Faecal samples (223) were collected from different animal species (calves 45, dogs 25, cats 16, sheep 52, goats 35, 
pigeon's and chicken's droppings 35) living in contact with patients who showed cryptosporidiosis,.15 of these samples 
were soil contaminated with dog and cat excreta, the oocysts were detected in one of these samples. 

Key words: Cryptosporidiosis, Cryptosparidiosis 

Cryptosporidiosis is among the zoonotic diseases that can 
be transmitted by animal wastes. The causative agent, 
Cryptosporidiosis is a well recognized gastrointestinal 
coccidian protozoan parasite of the class Sporzoasida, sub­
class Coccidiasina, the order Eucoccidiorida, the suborder 
Eimeriina, Family Cryptosporidiidae, genus Cryptosporidium, 
that inhabits the intestinal epithelium and develop 
intracelluiarly in the microvillous border of the small intestine 
(Anderson 1982). This agent has emerged as a cause of 
chronic diarrhoea primarily in persons with various immuno· 
logic disorders, particularly in patients with AIDS (Acquired 
Immunodeficiency Syndrome) (Tzipori 1983, Soave and 
Armstrong 1986). 

The role of cryptosporidium species as a caUSe of enter i­
tis in man and farm animals has been the subject of much 
recent interest (Pitlick et af. 1983, Schultz 1983). It was re­
ported to be transmitted from infected kittens to their owners 
(Currentet al. 1983, Kock et al. 1983) and from infected calves 
to healthy animal·handlers (Angus 1983, Current et al. 1983, 
Pitlick et al. 1983). Most recently, it has been shown that 
zoonotic infection occurs with transmission of the disease 
from diarrhoic calves to man (Amira 1985, Magda and EI­
Ahl'af 1988). 

Therefore on account of the importance of 
cryptosporidiosis in man and animals~ this work has been 
undertaken to investigate the incidence of cryptosporidiosis 

Present address: ' Department of Animal Hygiene, Husbandry 
and Zoonosis, Faculty of Veterinary, Mansour University, Egypt 
P.O. Box. 35516. 

in 'animals and human-beings in contact and to investigate 
the role ofsoi! contaminated with infected excreta as a reser· 
voir of the disease. 

MATERIALS AND METHODS 

Collection of samples 
Stool specimens (Human patients) .' In this study, 180 

swabs and stool specimens (100 adults, 80 children) were 
collected in snap-capped vials containing 10% formalin 
(HCOH), from patients of all ages suffering from severe 
gastrointestinal symptoms such as abdominal'cramps, vom­
iting and diarrhoea; most of these patients were otherwise 
healthy, at the Public Health Laboratory ofEI-Mahalla Gen­
eral Hospital·Gharbia province and submitted for routine bac­
teriological and parasitological examination. Meanwhile, 44 
stool samples were also collected from the house of holds of 
these patients. 

Faecal samples (in-contact animals) 
Fresh faecal samples (208) were collected from different 

animal species living in contact with human cases who 
showed cryptosporidiosis after laboratory investigations. 
Faecal samples were collected either by direct collection of 
the faecal samples from the soil contaminated with fresh un­
cler the animal and transferring them to snapcapped vials 
containing 10 ml of 1 0% fromalin solution, or by using rectal 
swabs, which utilizes sterile cotton-tipped wooden sticks and 
placing them in the collection vials. 

Soil samples 
Soil samples (15) contaminated with fresh dogs and cats 
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Table I. Frcqul!l1cy dislrihlltioll of cryptosporidiul1l oocysts 
cktcctcd frolll pnrasitoiogicai examination of stool specimens 
colh:ct~d fi'OIn human-beings in contact with infected animals 

Cases Collected Cryp. (%) condition 
specimcns oocysts 

j\dults 100 4 4.00 35H 
65 D 

Children 80 5 6.25 18 J-) 
620 

ToWI 180 9 5.00 180 

3 
1 
4 
9 

Overall 
(%) 

2.86 
4.62 
5.66 
6.45 
5.00 

II, Healthy; D. diseased (had n severe gastrointestinal 
disturbance. 

excreta were collected and placed in snap-capped vials con­
taining 101111 of J O%fol'malin solution and were labelled and 
transferred with a minimum of delay to the laboratory for 
parasitological examination. 

Procedures ojprepal'ing oj samples 
Crytosporidum oocyst were detected as per Garcia et al. 

(1983) and California Department of Health Service (1984). 

Staining affaecal .I'ampltJ,I' 
Stool specimens and faecal samples were stained for the 

detection of O:W>!osporidiu/1I oocysts. 
Modified Ziehl·Neelsen Stain Technique (MZN) (Garcia 

e/ al. 1983), one of the 3 previously prepared slides was fixed 
ill absolute methanol for 10 min, then immersed in concen­
trated cold fuchsin (1.0 g fuchsin, 10 ml ethanol and 90 ml of 
5% phenol) for 5 min. The slides were then rinsed with tap 
water for 2 min, decolourized with 10% H2S0

4 
for 30 sec and 

rinsed again in tap water for 2 min. Counter staining with 5% 
malachite green (5.0 g of malachite green, 100 ml of 10% 
ethanol) was done for I min. The smears were rinsed with tap 
water, air-dried and examined microscopically for about 10 
min underthe oil immersion lens at a magnification of x 1 000 
to detect Cryptosporidium oocysts. Oocysts were identified 
as spherical red bodies 3-6 tnm in diameter, with evidence of 
more deeply stained internal structure. 

Auramine-Rhodaf/lin staining techniqlll! (Sobieh et al. 1987) 
The second slide, previously prepared was air dried, fixed 

by passing through a tlame 3 times or I with methanol and 
stained by the Auramine - Rhodamine method (Vestal 1975). 
Smears were scanned for Cryptosporidiulll oocysts by fluo­
rescence microscope at x 250 and x 400. All positive findings 
were confirmed with additional direct smears prepared di­
rectly and stained by the Kinyoun ac id - fast method (Vestal 
1975) with 10% H

2
S04 for decolourization. 

Sajranin - methylene bfue staining technique (SMB) 
It is used as a confirmatory technique after 8axby et at. 

(1984). The third slide was fixed by passing, the slide was 
then exam ined under the 111 icroscope at x 400, as well as x 

1000. 

RESULTS AND DISCUSSION 

This survey indicated the. occurrence of Oyptosporidum 
species in stool specimens submitted for routine bacterio­
logical and parasitological examinations fl'Om patients with 
with gastrointestinal symptoms in Gharbia province, Egypt, 
and confirmed recent reports from elsewhere that 
Cryptosporidium species may be an unrecognized cause of 
diarrhoea and other gastrointestinal symptoms in patients 
who are otherwise healthy (Hunt et 01. 1984, Mata et af. 1984). 
Whether cryptosporidial infections occur primarily as spo­
radic cases or in outbreaks is not known (Hunt et al. 1984) 
nor can we speculate on whether our prevalence .data repre­
sent endemic 01' epidemic rates. 

Ct:vptasporidiul1l oocysts were identified in 9 faecal speci­
mens (5.0%) out of 180 patients admitted to the EI-Mahalla 
General Hospital, suffering from severe gastrointestinal symp­
toms. Of these Clyptosporidium oocysts positive cases in­
cluded 5 young children under 3-years-old (2 were < I-year­
old and, 3 were 3-year-old ) were expecting Cryptasporidi" 
(6.25%), while the other 4 positive cases (40%) out of these 9 
were adult persons (Table I). We also found that 
Cryptasporidiul11 species to be one ofthe common intestinal 
prastitic pathogens in the patient population screened dur­
ing this survey. This is in agreement with recent studies which 
have shown Crypto.l'jJoridium to be one of the leading en­
teric pathogens currently recognized (Jokipii et al. 1983, Mata 
et al. 1984). 

The opportunistic behaviours of c,:vptosporidium spe­
cies so clearly established in patients with Acuqired Immune 
Deficiency Syndrome may well be applicable to patients to 
patients at extremes of age. Crytosporidial infections have 
been repOlted to be more common in children (6.25%) than in 
adults (4_0%)(Table 1, Tzipori et a1.1983, Hunt et al. 1984). 
Although there was an indication of this trend, 

TabJe 2. Frequency distribtion of cryptosporidiosis among the 
house holds and different animal species in contact with patknts 

suffering from severe gastrointestinal disturbances 

Sources of 
samples 

Total no, +ve samples Overall 
examined Cl'yptosporiditll11 (%l 
samplcs ooeysts 

Faecal specimens from 44 2 4.55 
hOllse holds 

Soil contaminated with 15 6.67 
eli rrerent animal excreta 

Faecal samples from calves 45 13 28.89 
Faecal samples from clogs 25 3 12.0[) 
Faecal samples from cats 16 I 6.25 
Faecal samples from sheep 52 4 7.69 
Faecal samples from goats 35 2 5.71 
Pigeon's droppings 15 0.0 
ch~~en's dr?ppings 20 0.0 _· _______ . ___ .r. ________ ~ _____ ~.~. __ . 

Total 267 26 71.76 
----~--,....,..._,_ ~ ___ ~~_~_~._._·,. ___ ... ____ . ___ .... '. __ '_r_". __ _ . __ ._n 
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Table 3. Frequency of C/:Jlptosp0l'idiulI! species and other 
parasitic pathogens in diurrh ocic stools 

---_ .. _----------- -----._-----... _-
Parasites 

Giardia lamblia 
Cl'yptosporidium species 
Ascaris lumbricoides 
Trichuris Iriclliura 
Entamoeba histolytica 
Dientamoebaji'agilis 
Hookworms 

No. or 
+ve cases 

10 
9 
5 
4 
4 
2 

* Based 011 180 stool specimens. 

Overall 
(%) 

5.6 
5.0 
2.8 
2.2 
2.2 
1.1 
0.0 

cryptosporidium oocysts were equally detected in olderchil­
dren and adults (Current ct at. 1983). This result agrees with 
Tzipori et al. (1983) and Hunt et al. (1984). 

It cannot be said with certainty that finding of 
Cryptosporidium oocysts in faecal specimens implied an 
etiologic role in every case was that observed, but a 
cryptosporidial etiology was strongly suggested in most in­
stances. Follow-up stool examination could be carried out, 
there were other parasitic pathogens in diarrhoeic stool speci­
mens including: Giardia lamblia 5.6%, Ascaris lumbricoides 
2.8%, Trichuris trichuria 2.2%, Ental1loeba histolytica 2.2% 
and Dientamoeba fragilis 1.1 %. In terms of frequency, 
Cryptosporidium species was the second most common 
parasitic agent of known pathogenicity after Giardia spe­
cies (Table 3) 

Mean while, this survey indicated also the occurrence of 
c,ypotosporidium oocysts in faecal samples which were 
taken from their households (4.55%), samples were also taken 
from in contact animals and the soil contaminated with their 
excreta (6.67%; Table 2). The animals in contact were ofdif­
ferent species being; calves (28.89%), dogs (12.00%), cats 
(6.25%), sheep (7.69%) rond goats (5.71 %), while in pigeons 
and chicken droppings showed that all these samples were 
negative to Crypfosporidium oocysts. Our detection find­
ings may not be considered exclusive. Further investigation 
which needs more longer time and a greater number of sam­
ples may give a satisfactory answer on the prevalence of the 
disease at Gharbia province in Egypt. From the hygienic poil1t 
of view, the detection of Cryptosporidium oocysts in soil 
contaminated with infested animal excreta, throw some light 
on the role of soil as reservoir of the disease. 
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ABSTRACT 

In experimentally induced cdwardsiellosis in mice pathogenesis study was conductcd. Edwardsiel/a tarc/a infection in 
mice after inoculation of LD", dose intraperitoneally. caused increase in clotting time (20-25 min) and hacmoconcentralion. 
Total erythrocyte COlillt and leucocyte count dropped down within first 12 hI' of infection then rose ~tcadly. Differential 
leucocyte count depicted specific pat\ern. Gross as well as histopathological lesions corresponding to acute vasculitis 
were observed apart from desquamative gastroenteritis. Focal mononuclear ccli inliltration were evident in hepatic 
lobules. renal medulla, i ntcralveolar septa and serosa-submucosa of glandular stomach and upper small int.;stinc. 

Key words: Cytotoxin, EdwGrdsif!/la tarda, Mice, Pathology. Vasculitis 

Edwardsiella lania has frequently been isolated from 
snakes, tmtles, frogs, alligators, sea lions, aquatic birds, fish 
and domestic animals, viz. cattle and pigs (Farmer and 
McWhOlier 1984, Holmes and Gross J 990). It causes diar­
rhoea in human beings. (Hadely 1969, Clarridge et at. 1980, 
Holmes and Gross 1990). Edwardsiellosis is a lethal disease 
of pond-fish and causes considerable economic loss (Salati 
et af. 1991). Edwardsiellosis has been established as zoonotic 
disease (Darrow et al. J 993) but very little is known about its 
pathogenesis in warm b\ooded animals. This study was con­
ducted for understanding the pathogenesis of E. farda in 
mice. 

MATERIALS AND METHODS 

Bacterial strains 

Two strains of £. tarda (4EI and 6E6) isolated from tish 
were obtained fi'ol11 food-borne infection at Infection and In­
toxication Laboratory, Indian Veterinary Research Institute, 
lzatnagar. Both the strains were maintained by regular 
subculturing on brain heart inftlSion agar (Cruickshank et 01. 
1968) slants at 90 days interval. 

LD50 
Fifty per cent lethal dose for mice was determined as per 

Cru ickshank et at. (1968) by inoculating 6-hr-old serially di­
luted (in PBS pH 7.2) broth culture of E. tarda, through 

Present address: 'Scientist. Division of Veterinary Public 
Health. 2S cientist. Centre for Animal Disease Research and 
Diagnosis. 

Table I. MurtalilY pattern in mice injected (lP) with 2 ,. l.D;" 
dose of E. la,.da strains 

Strain 

No. 

4EI 
6E6 

Total No. 

of mice 
inoculated 

42 
42 

CUl11mulative No. of mice died within ---_. -.-.~----~.-.-.-----.---

6hr 12hr 18h.. 24hr 48hr 72hr 96111' 

() 

o 
4 
6 

22 
28 

24 
32 

30 
32 

36 36 
35 37 

hI', Hours after inoculation; remaining II mice did not dit: within 
21 days of observation. 

intraperitoneal (I P) route, and observed for 21 days for 
lethality. 

Experimental design 
Swiss albino III ice (I 05),30-day-old, obtained from disease 

free stock of the institute were divided into groups A, Band 
C. Groups A and B consisted of 42 mice each and were in­
jected (IP) with 2 x LD'll (in 0.11111) dose of 4E I and 6E6 strains 
of E. larda respectively. Mice in group C (21) were.injected 
(IP) with 0.1 m I PBS (pH 7.2) each. Blood samples frol11 each 
group were collected by bleeding (from inner canthus) 3 mice 
from each group, randomly picked at 0,6, 12, 18,24,36,48,60, 
72, 84, 96 hr and conclusion (21 day). Blood samples were 
analysed for total erythrocyte count (TEe), haemoglobin 
concentration (HbC), packed-cell volume (peV), totalleuco­
cyte count (TLC), differential leucocyte count (DLC) and clot­
ting time (capillary method) according to Fox et al. (1984). 

M ice that died during experimentation were exam ined on 
postmortem and selected pieces of va rio LIS organs were col­
lected in formal saline for routine histopathology. Isolation 



April 1998] EXPERIMENTAL EDWARDSIELLOSIS IN MICE 30e) 

Figs! -3. 1. MOl1ocytic and ncturorhilic edl reactioll ill mU<':OS(I 
and submucosa of glandular stomach or a mOllse. (x 250, Hand E 
stained). 2. Villus necrosis in mOllsc intestine, intiltration ofil\nam­
matory cells of lumina propri'l. (x 250, Hand E stained). 3. Mouse 
kidney showing visually (x 250, Hand E stained). 

of E. tarda was attempted from intestinal contents, spleen 
and heart-blood (Farmer and McWholicr 1984). 

RESULTS 

LDjO-lethal dose (50%) of4El and 6E6 strains of E. tarda 
for 30-day-old mice (Swiss albino) was determined to be equal 

Table 2. Isolation of E. tarilll from experimentally infected mice 
after death from various sites 

---_-------- ------- .. --~-.----.---. 

Time No. of mice Isolation of E t. i, 
lapse examined (No. of mice) from ----.--_. 
between torE. tlnia B S I B+S B+! S+I 8-+S+1 
death and isolation 
infection 

12 hI' 10 I 0 0 5 0 0 4 
18 hI' 40 0 0 0 0 I 2 37 
24 hI' (1 () 0 () () 0 5 
48 hI' (1 (] 0 3 () 0 2 
72 hI' 9 0 0 7 0 0 ·2 l) 

96 hI' 2 0 0 I () 0 I () 

*21 days II 0 0 2 () 0 0 0 
--- ... -._------- -- ----------------
+Mice were sacritict:d ; [3. blood from heart; S. spleen; 

L intestinal contents; I3+S . heart blood and spleen; B+! • heart 
blood and intestinal contents; S+1. spleen and iiltestinal contents. 
I3+S+1. heart blood. spleen and intesti nal contents. 

to 1.2 x 10" and 0.8 x 10.1 live organisms intrapcritoneally 
respectively. Most of the deaths occurred within first 5 days 
and rarely aftcr seventh day. 

The mice;11 groups A and B Ihat were injected with 2xLDsIJ 
dose of either of the strain, died within 4 days ofinoculatioll 

Figs 4-5 : 4. Mouse liver with vasClllities. (x 250, II l\lld E 
stained). 5. Mouse liver with vasclIlitics and I'ally changes. (, 250. 
Hand E stained). 
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Table 3. Various haematological values of mice after E. tal'da infection -----,_ . .. _.--
Time (hr) Haematological values -----
lapse Grou'I! A Group B . ____ qJ'ouE_~'_, ___ . __ . ___ 

after CT TEC PCV Hb CT TEC PCV Hb CT TEe PCV Hb 

inoculaiton mill <IO"/mm' % gldl min xlO"hnm' % gldl min x 10"/111m3 % g/dl 
~----~'"------~------.--.----.----~-.----.-" _. 

-.~----~-----------~-. 

Ii 7.0 14.25 36 16.2 06,0 5,62 32 17.0 5,0 20,06 320 15,0 

(OA) (104) (0.6) 

12 b.O 21,00 33 18.0 9.0 5.97 34 15,8 6.0 26.04 32 14,8 

(0.6) ( 1.3) (0.4) 

18 9.0 9.20 33 16,6 12.0 22,64 25 13.8 6,0 21.30 28 12.7 

( 1.4) (104) (1.4 ) 

24 11.0 5.80 26 14.2 16.0 20.20 23 11.7 4,0 24.70 30 14.2 

( 1.3) (0.6) (1,4) 

36 14.0 18.00 24 12.2 17.0 21,20 22 10,2 5.5 24,90 33 15,2 

( IA) (OA) ( 1.3) 

48 18.5 20.01 22 10.4 25.0 20.10 20 9,6 3,5 26.01 30 15.0 
(0.4) (0.6) (0.4) 

60 19.0 21.18 22 9.2 24.0 21.20 22 9.4 4.0 25.11 30 15.2 
(0.6) (1.4) (0.4) 

72 18.0 20.20 21 9.0 23.0 20,07 20 9,2 4.5 24.20 31 14.5 
(1.4 ) (1.3) (0.4) 

84 20,0 20.02 22 9.1 25.0 22.00 21 8.7 6.0 25,55 33 15.1 
( 1.3) (0.6) (1.3 ) 

96 22.0 21.14 23 9.8 24.0 21.80 23 9.2 5.5 25.02 32 15.0 
(J A) (0.4) ( 1.4) 

* 21 days 5.5 22.80 33 15.0 6.0 22.)0 28 13.2 5.0 22.30 32 14.7 
(0.4) (0.6) (1.3 ) 

---__"'--~--~----~~~---~-----~--' 

CT. clotting time in 111in: figures in parenthesis are standard deviations; TEC. total erythrocyte count: pev. packed. cell volume: Hb, 
haemoglobin in gil 00 lUI (dl); group A. mice injected (IP) with 2xLDl11 dose 01'4 EI strain; group B. mice injected (lP) with 2xLDlil dose of 
6E6 strain: group C. mice injected (IP) with 0.1 ml PBS (7.~ pH). 

(Table I) while in group Call survived, E. tardawas isolated 
either from heart or spleen or intestine or from all of the 01'­

gans of dead mice of groups A and B (Table 2). 
E. tarda localized mostly in intestine after an initial stage 

. ofbacteraemia. 

Haematological findings 
Clotting time shows steep rise (Table 3) within first 48 hr. 

Characteristic transient rise in neutroph ils (Table 4) immedi­
ately followed by neutropenia which persisted only for first 
1.8 hI' of infection; 24 hI' onward marked neutrophilia was 
observed. Lymphocyte count revealed opposite tt'end i.e. tran­
sient drop followed by slight recovery and thereafter persist­
ent lymphopenia. Only short-term monocytosis (18hr) was 
evident (Table 4).Total erythrocyte counts as well asleuco­
cyte counts were dropped initially and then continued slightly 
below the normal levels. Packed-cell volume and haemoglobin 
concentration remained at a lowered level similar to erythro-
cyte count (Table 3). . 

Clinical observations 
Mice in groups A and B showed signs of lethargicit, diar~ 

rhoea and prostration within 18 hr of inoculation, In all the 
infected mice appetite decreased but they consumed more 

water, compared to group C mice. 

Postmortem lesions 
Postmortem examination ofmice died during experimenta~ 

tion revealed congested liver, duodenum, jejul1l11TI and lungs . 
Stomach was empty while, duodenum andjejul1ul11 were full 
of yellow watery content which was pus like in those died 
after 36 hI' of inoculation and had blood tinges at severa) 
places, Brain and meninges were congested in several cases, 
mostly in group E. In group C none of the mice died and had 
no apparent gross lesion in any of-the organ. 

Histopathology 
Liver in mice of groups A and B had engorged central and 

portal blood vessels with mononuclear and neutrophilic cell 
infiltration in vessel walls and pei-ivascular spaces (Fig. 4). 
Focal mononuclear cell aggregation was noticed in mice that 
died after 24 hI' of inoculation. Hepatocytes revealed con­
densation and margination of chromatin material with marked 
swelling. Liver acinia had varying degree of degeneration, 
cytoplasmolysis and necrosis. Kuffer cells were prominent. 
Hepatocytes had fat vacuoles replacing the nucleus aside 
(Fig. 5), specially in mice that died at 18 hI' post-inoculation 
with 6E6 strain. At few places .pink homogenous mass was 
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Table 4. Total and differentialleucoeyte count in negative control and E. lal'l'l(1 inll:etcd mice 
-.----~--------~--------- ---------.--"~---------.. ---- - _ .. _-- -.---_.-. ~--~--"--.--.-

Group Haematolgoical Time (hr) lapse after inoculation 
--. ---------_. --._--------.---- ---- ---.-~-'----------

of parameter 6 12 18 24 36 48 (iO 72 84 96 2bt dny 
mice 
----.~- -_-----,-- "-------.- -- - _-----,,--- .-----~--, .. ._._-----_. __ ' --- --~.- .. -------- -_,---------- .. _------_- '-- - --_ .. _-"--_ 

i\ TLC ;. [ll-'imm; (l.OO 4.96 4.30 5.25 5.85 5.90 6.46 7.8 9.85 9.95 6.78 
OLC N% 71 50 48 75 72 77 78 77 76 78 39 

L% 23 42 42 25 24 23 22 23 24 22 61 
M% 6 8 [0 [) 4 () 0 0 0 0 [) 

B TLC :' I [P/mmJ 5.98 3.30 2.95 3.90 4.30 5.66 5.92 6.07 6.70 6.85 6.25 
OLC N% 64 46 .26 62 69 72 72 68 66 66 33 

L% 29 46 63 34 30 28 27 30 31 3D 66 
M% 7 8 11 4 () 2 3 4 

C TLC" !O;lmm) 6.95 6.80 7.70 7.46 6.90 6.76 7.21 7.11 6.87 6.99 6.98 
OLC N% 34 28 30 31 32 34 30 28 31 3D 32 

L% 64 68 70 68 66 65 67 69 67 70 n7 
1\1% 2 4 0 2 I 3 3 2 () 1 

---------------------".~--~----~~~-~- .------.----- - -----------_-_---------_-- ----

N. nClItrnphils: 1.. lymphocytes: M, mtmocytes, TLC. totallel\c~)cyte cOllnt; OLC, differential leucocyte count; group A, mice in.iected 
(IP) with 2:<LDIII dose of 4£ I strain: group B, mice in.iected (IP) with 2 x LOll) dose of 6E6 strain: group C, mice injected (IP) with 0.1 ml 
PBS (7.2 pH). 

deposited in thickened blood vessel walls. 
In lungs engorged interalveolar capillaries and 

peribrollchiolar blood vessels had mononuclear and 
neutroph [lie cell reaction in vessel walls. InteralveoIar septa 
were thickened due to mononuclear cell infiltration. At vari­
ous places alveolar spaces were filled with haemorrhagic and 
cellular exudate. Bronchi and bronchioles also revealed the 
presence Of11111COLIS in lumen, Lesions were identical in both 
A and B groups in contrast to C with normal histology. 

Glomerular tufts and medullary capillaries in kidneys were 
engorged. Perivascular mononuclear and neutrophlie cell re­
action (Fig. 3) was evident in medulla. Cortical tubules re­
vealed swelling of epithelial cell lining with degeneration and 
occlusion of tubular lumen. 

Both glandular and nonglandular part of stomach haden­
gorged blood vessels in lamina propria. Necrosis and denu­
dation of lining epithelium, neutrophilic and mononuclear cell 
infiltration in submucosa and serosa (Fig. 1). Perivascular 
mononuclear cell reaction was evident in serosa. Focal 
vacuolation in stratum malpighii of nongIandular stomach 
was Llsual. 

In small intestine necrosis and denudation of the tips of 
villi was evident (Fig. 2). Mononuclear cell reaction and en­
gorged blood vessels were noticed in lamina propria. 

In spleen focall'arefica'tion of malpighian corpuscles, 
congestion of red pulp and infiltration of haemosiderin 
ladden macrophages along with large population of 
megacaryocytes were observed in several mice died in 
groups A and B. 

Hearl, brain and pancrease revealed vascular congestion 
with III ild mononuclear cell reaction in blood vessels. 

DISCUSSION 

Reisolation of E. trada suggested that after an initial 
bacteralmia the bacteria start to localize in small intestine wh tch 
appears to be the predilecation site similar to other 
enteropathogens. However, spleen remains another common 
place for E. tarda yet it did not appear to be multiplication 
site because none of the mice sacrificed on 21 day of experi­
ment yielded E. tardo from spleen even after enrichment 
method of isolation (Fanner and McWhorter 1984), Accumu­
lation offluid in intestine may be due to release of enterotoxin 
and cytotoxin by the E. tarda (Bockemuhal et al. 1983). The 
other factors responsible for fluid accumulation may be infil­
tration of inflammatory cells in gastrointestinal mucosa 
(Wallis et al. 1990) but enterotoxin of E. fordo might be a 
factor in inducing infiltration ofleucocytes in intestinal walls 
and around blood vessels as E. coli and Klebsiella (Sil1gh 
and Kulshreshtha 1992, Singh et al. 1992). For vasculitis le­
sions in edwardsiellosis E. (arda cytotoxin could be respon­
sible for endothelial cell damage, sim itar to shiga like toxin IIv 
of E. coli (Mac Leod et al. 1991). 

Accumulation of mononuclear cells and neutrophils in he­
patic parenchyma, necrosis of intestinal villi, septicemia, le­
sions in kidney and spleen noted in expel-imental 
edwardsiellosis here were reported earlier in salmonellosis in 
mice (Singh 1995). 

Similar gross and histopathological lesioris as observed 
in mice has also been reported from natural infections of E. 
tarda in sea-lions, alligators (Wallace et aI, 1966) and piglets 
(Owens et al. 1974). This study proves the suitability of Swiss 
albino mice as comparable model for edwardsieHosis in warm 
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blooded animals. 
Most ofthe llaeOlatological changes and histopathological 

lesions observed are common in bacterial diseases like 
salmonellosis and colibacillosis (Singh 1995) and can not be 
considered specific to edwardsiellosis except extensive 
vascu litis for wh icll cytotox in of E. tordo (Singh and Tiwari 
1996) may be the cause. Other impoJiant observation was 
increase in clotting time for which no explanation is valid 
unless further studies on conducted are this aspect. Isola­
tion of E. tarda f)'om intestinal contents of 2 of the 11 111 ice 
sacrificed on :2 I st day of the study (Table 2) revealed the role 
of mice as reservoir J carriers of E. lare/a similar to pigs re­
ported earlier (Ownes et al. 1994) apart from other widely 
knowll reservoirs like fish and other cold-blooded animals 
(Farmer and McWhorter (984). 

To deten-nine the d~tl\Hs Gf?athGg~Wt5lS H,cwe exhaustive 
long-tenn studies are essential because with increased in­
land fisheries E. tarda may become a more important infec­
tion due to its zoonotic nature. 
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ABSTRACT 

The histochemicul and histoell/Yll1ic'studies were condueted on mammary glands or I.J. luctatinl!. "oats The riI!lit 
mammary halves or 12. goats \V~re i;nracisternally inllculated with 1 1111 or k~}'(.:(J;;I{/.\·IIl;' F3K culture cl~n~linil;g ap11I'(;' i­
matdy I Cl" cCu. whercas. th~ir left halves n.:ceivcd I ml or sterile PPLO broth only, The remaining 2. goats scrv~d as 
lIninfectcd controls, ;\11 thc infected goals developed aClIte mastitis in their right mllllllnary halvl!s which sllbscl[lientl~ 
tllrned chronic chnrClckl'ized by Ilwrked decrease in their size 'and secretions, Histop(llhoingicnl'y there \Vas aClite 
purulent mastitis initially rlllllll\cd by i'ibt'llplasia in the infected mammary halves, The histochemical (lipids) lind 
hislocnzymic (acid phosphatase. llikalinc phosphatasc. succinic dehydrogl:llase. lactate ckhydrng_cnllse, gilicose-(l-phns­
phule dehydrogcnase and giutuilic dcl1ydrll);cnasc) changes were suggestive or 1i1lcn:d rat. carhohydrlltc and rrnrdn 
metaholism in the inCected 111a1111nary halves, 

Key words: Caprinc. Mammary gland, Mastitis. !\~l'c()pl(/,I'IIW F 38 

Ml'G'uplasma F38 considered to be the causal agent of 
classical caprine pleuropneumonia (MaC Ow an and Minnette 
1976 and Litll10i rl{ (1/, 1990), was isolated tl'O\11 the milk of 
mastitic cows and its pathogenicity was tested in hamsters 
and rats (Kumar e/ al. 1992a). However, the mastitogenic po­
tential of the organism and histochemical and histoenzymic 
alterations induced by it had not been studied in dairy ani­
mals so far. This communication de,lls with the histochel11 ical 
and histoenzymic alterations in the caprine mammary gland 
experimentally infected with Mycoplasma F38. 

MATERIALS AND METHODS 

Apparently healthy mastitis-free lactating goats (14) of 
non-descript breed. in the age group of 2 to 3 years were 
procured and kcpt under close supervision for 7 days before 
starting the experiment. They were found free of any bacte­
riaL mycoplasmal or fungal infection. The right mammary 
halves of each of 12 goats were intracisternally inoculated 
with 11111 of48-hr-old culture 9f Ml't.:op/asma F38 (CM-193, 
obtained from the Department of Velerinary Public Health 
and Epidemiology, C C S I-Iaryana Agricultural University, 
Hisar, India) containing approximately 10" cfu/ml. The left 

Pn:sent address: IAssistant Professor-cum-Junior Scil:ntisl. 
Department oCPathology, Faculty ofYeterinary Sciences and Ani­
Illal Husbandry. Shuhama, Alilustcng, Srill8gar, Kashmir. 

2ProCcssor, Department of Anatomy and Histology, JAssislant 
ProCessor. 4 Professor, Department of Vcterinary Pathology. 

mammary halves of these goats were inoculated with 1 ml of 
sterile PPLO broth only. Two goats served as uninfected con­
twls. All the goats were observed daily for physical changes 
in mammary halves and their secretions. Theil' l1li lk s<ll11ples 
were also subjected to mastitis tests, somatic cell cOllnt and 
differential leukocyte count. Reisolation of IlIJ'mpluslIlu F3S 
was attempted regularly. 

The experiment was continued for 24 days. The sequcn­
.tial pathological changes in mammary glands were studied 
'after randomly sacrificing 2 animals each on 4th. 8th, 12th, 
16th, 20th and 24th day post infection (DPI). The 2 controls 
were also killed on day 24 . 
. ' Representative tissues from I1Hlll1mary glands. 
supral113mmary lymphnodes and other visceral organs were 
fixed in 10% buffered formal saline for histopathological stud­
ies. For histochemical and hisloenzymic studies representa­
tive samples of mum mary tissue collected at 4 and i6 DP! 
were frozen at -20°C, Demonstration or neutral lipids was 
done after staining 6~ll11 thick cryosections with .Sudan Black 
(Luna 1968), whereas for histoenzymic stucIies, the methods 
used are sllmmarized in Table 1. 

RESULTS AND DISCUSSION 

The appetite of all the infected goats remaineclunaffected, 
whereas, their temperature rose trans itorily by 10 to 2DC with in 
24 hI' post-infection (PI), thereafter it remained normal. The 
right mammary glands of the goats were slightly swollen, 
tender and painful within 24 hr of infection, but they de-
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Table I. Methods used in histoenzymic studies on udder tissues 

Enzyme 

Acid phosphatase 
(ACPase) 

Alkaline pl\osphatase 
(AKPasc) 

Su~cinic dehydrogenase 
(SDH) 

Lactale dehydrogenase 
(LDH) 

Glucose· 6- phosphate 
dehydrogenase 
(G-6-PD) 

Substrate 

Napthol AS T·R 
phosphate with 
hexazonium 
pararosanilin 
Napthol A S·Mx 
phosphate disodium salt in 
combination with diazonium 
salt fast bluc RR 
Di·Nasuccinate 

Na·DI lactate 

Di-Na-glucose 
6-phosphate 

Glutamic dehydrogenase Na-L-glutamate 
(GD) . monohydrate 

Method 

Simultaneous coupling 
azodye method using 
substituted naphthol 

Simultaneous coupling 
azodye method using 
SUbstituted napthols 

Standard method for 
bound enzymes 
(Nitro BT method) 
Standard method for 
bound enzymes (Nitro 
BT method) 
Standard method tor 
bound enzymes 
(Nitro BT method) 
Standard method for 
bound enzymes (Nitro 
BT method) 

Incubation 
time (min) 

60 

30 

15 

15 

15 

15 

[Vul. 68. No . .j. 

Referencc 

Barkaand 
Anderson (1963) 

Barka and Anderson 
(1963) 

Pearse ( 1972) 

Pearse (1972) 

Pearse (1972) 

Pearse (1972 

creased in size from fourth day onwards and the trend con­
tinued throughout the experiment and by day 24 PI, they 
became markedly shrunken and smaller compared to the left 

udder halves due to fibrosis. The right supl'amammal'Y 
lymphnodes of all the infected goats showed reactive 
hyperplasia from day 4 PI till the end of the experiment. The 

Figs 1-8 : 1. Cryosection of infected right udder half at 4 DPI., showing marked increase of coarse lipid droplets in alveoli. Sudan Black 
B method x 70.2. Cryosection of right infected udder halfofa goat at DPI, showing increase in lipid droplets in focal areas. Sudan Black B 
m~thod x 70.3. Cryosection of infected right udder halfat 4 DPI, showing marked increase in ACPase activity. Azo Dye method x 70.4. 
Cryosectjon of infected right mammary gland of a goat at 4 DPI, showing intense AKPase activity in the secretory alveoli. Azo dye method 
x 300. 5. Cryosection of infected right udder half of a goat at 4 DPI, showing increased SDH activity in the secretory alveol i. Some alveoli 
show focal loss ofSDH activity. Nitro B.T. method x 70.6. Cryosection of infected right udder half of a goat at 16 DPI, showing less SDH 
activity. Stroma shows negative SDH activity. Nitro B.T. Method x 70. 7. Cryosection of infected right udder half ofa goat at 4 DPI, showing 
strong LDH activity in a secretory lobule. Nitro B.T. method x 70.8. Cryosection of infected right udder half of a goat at 4 DP], showing 
marked increase in G-6-PD activity. Nitro B. T. method x 70. 
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milk yield fr0111 the infected udder halves decreased sharply 
from day 4 PI and continued to diminish till day 21, when 
these were agalactic. The milk secretions were initially pus 
like and later became thin and watery. The somatic cell counts 
in the milk from infected mammary halves increased signifi­
cantly and different leukocyte count revealed that the 
neutrophils were the predominant cells initially and 
lymphocytes and macrophages were the main cell types later. 
Mycoplasma F38 was isolated from mastitic milk secretions 
up to 16th DPI, but not from the milk ofleft un infected halves 
or both the mammary halves of the controls. Histopatho­
logically there was diffused purulent mastitis up to day 4 PI, 
which became interstitial from 8 DPI with corresponding in­
crease in lymphocytes and fibroblasts and later by 24 DP!, 
only remmints of glandular tissue were left in the fibrous 
tissue pool. 

Histochemistry 
Lipids 

Inoculation of Mycop/a.i'l1w F38 into the right.mammary 
halves resulted in increased lipid globules in the acinar epi­
thelium at both acute (4th DPI) and chronic (16th DPI) stages 
of the mastitis (Figs 1,2), which hinted at faulty lipid metabo­
lism, leading to its accumulation. Injury by the organism could 
have deranged any part of the lipid metabolic pathway creat­
ing a massive backlog of triglycerides that dominate the 
cytopathic changes offatty degeneration (Cheville 1989). 

Histoenzymology 
Phosphatase 

ACPase and AKPase, showed diffuse but weak to moder­
ate activities in acinar epithelium of control mammary glands, 
but markedly increased in acute I1Hlst'itis (Figs 3,4). The in­
creased ACPase activity might by due to increased neutrophil 
infiltration. Further morc, neutrophil lysosomal ACPases 
could have been released on immune complex phagocytosis, 
by dead neutrophil ,by leakage during formation of phagocytic 
vacuoles and for reverse by endocytosis (Tizard 1988, Kumar 
et al. 1992b). The ACPase activity is weak in acute and chronic 
tissue damage (Kotz e/ er/. 1978). On the contrary Bogin et al. 
(1976) attributed increased ACPase activity to altered meta­
bolic pathway in the udder tissue during inflammation and 
repair. However, findings in our study fell in line with those of 
Raekailio (1970). The AKPase on the other hand, catalyses 
dephosphorylation of adenosine triphosphate (A TP) and 
thereby plays a key role in the absorption and transport of 
ions across the membranes (Cope 1977). The enzyme is also 
present in the larger and more numerous specific (second­
ary) granules of neutrophils (Cheville 1989). Therefore de­
generation ofneutrophils could also have contributed to the 
increased AKPase activity in acute stage (4DPI). In mastitis 
increased AKPase due to Corynebacterium pyogenes (Jain 
and Sharma 1965), Streptococcus agalactiae (Mohamad et 
al. 1981), Cryptococcus neoformans (Verma et al. 1985, Singh 

F igs -9: r1. -9. (;ryosection of infected udder half of a gout at 4 
OPl, showing increase in GOB activity in secretory lobule. Nitro 
BT method x 100. 10. Cryosection of infected right udder half of 
goat at 16 DP!, showing decrease in G-6-PO activity, Stroma is 
devoid of any activity. Nitro BT method x 70. 11. Cryosection of 
infected right udder half of a goat at 16 DP!, showing decreased 
GDH activity in secretory lobule and no activity in stroma. Nitro 
B.T. method x 100. 

et at. 1995) and chh:~mydial mastitis (Koul 1987). 
SDH generally increased on day 4PI (Fig. 5), but showed 

focal losses. The loss in SDH activity was more prominent on 
day 16 PI (Figs. 6). LDH markedly increased by day 4 PI (Fig. 
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7) but was less so by day 16. SDH , an iron metalloenzyme, 
acts as a catalyst in TCA cycle, while LDH activity suggested 
that Embeden Mey'erhoffpathway waS operative. Increased 
activities of these mitochondrial enzymes indicated glycolysis 
(Zugibe 1970, Leninger 1984) due to high metabolic activity 
in the mastitic organ. On the other hand, focal losses of SDH 
activity suggested cellular injury especially, due to degen­
eration of membranes, thereby afTecting normal metabolic 
pathway ofTC A cycle in injured cells (Patterson 1973). Com­
parative decrease of both the enzymes during chronic stages 
hinted at reduced metabolic state. Bogin el af. (1976) ob­
served slight increase in LDH activity in mastitic udders. 
Sonneck and Sommer (1979) found that LDH activity corre­
lated with ce II counts and CMT, and therefore considered it a 
sensitive indicator of mammary gland infections. Similarly, 
KOlll (1987) recorded elevated LDH and SDH activities in 
eKperimental chlamydiallllastitis in goats. 

G-6-PD and GDH were markedly increased by day 4 PI 
(Figs 8, 9) but decreased considerably by 16 DP] (Figs 10, 11). 

G-6-PD is key enzyme in the pentose phosphate pathway of 
glucose metabolism resulting in promotion ofNADPH, fruc­
tose - 6- phosphate and D-ribose - 5 phosphate. The latter 
acts as a precursor for nucleotide synthesis, necessary for 
the formation of protein components (Leninger 1984). There­
fore the increased G-6-PD, suggested increased glucGse uti­
lization and/or increased protein synthesis in acute mastitis. 
The latter was further substantiated by the rise in GDf-!, which 
was offundamental imporlance in the biosynthesis of amino 
acids (Leninger (984). From tl1e histochemical and 
histoenzymic studies it could therefore be safely concluded 
that in F38 mastitis, fat, carbollydrate and protein metabo­
lism was increased during acute mastitis, whereas it was 
depressed during chronic mastitis. 
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ABSTRACT 

The plasma levels. pharmacokinetics and dosage regimen of neomycin were investigated in healthy and normal 
cycling buffaloes after its intrauterine administration (5 mg/kg). The drug was rapidly absorbed from the uterus. At 5 
min 3.6R ± 1.0 I ~lg.m I-I of neomycin was detected in plasma. The absorption and elimination half-Jives were calculated 
to be D.5l ± 0.19 Ill' and 5.87 ± 0.47 hr respectively. The apparent volume of distribution .. total body clearance and 
bioavailabil ity were 0.51 ± 0.02 L.kg-'. 86.7 ± 4.4Il1l.kg'l.hl~1 and 69 % respectively. Based Oil pharmacokinetic parameters, 
a satisfactory intrauterine dosage regimen of neomycin in buffaloes would be 9 mg. kg-I followed by 7 mg.kg-' at 12 hr 
intervals. 

Key words: Aminoglycoside, Dosage regimen, Neomycin, Pharmacokinetics 

Neomycin, a bl:oad spectrum aminoglycoside antibiotic 
covers almost all common microorganisms responsible for 
uterine infections (Dobson and Noakes 1990) and is being 
effectively employed as intrauterine medication (Pautler 1969, 
Boyd and Allen 1988, Beggard et at. 1992). Majority of the 
reports available on intrauterine treatment with antibiotics 
are based on the in vitro antibiogram without the knowledge 
of their disposition kinetics (Murray ef at. 1990). For a suc­
cessful antibiotic therapy it is imperative that the dose 
administered should be such that concentration of drug in 
blood and target organs shou.ld not fall below minimum 
thempcutic level. The pharmacokinetics of neomycin have 
been studied after systemic administration in calves (Black 
and Claxton 1982) and horses (Baggot et al. 1985). But the 
kinetic studies of neomycin after intrauterine infusion are 
completely lacking in animals particularly in buffalo species. 
Keeping this in view, the pharmacokinetics of neomycin was 
investigated in healthy and normal cycling buffaloes 
following its single intrauterine infusion at the dose of 5 mgl 
kg body weight. 

MATERIALS AND METHODS 

Experimental animals and drug administration 
Studies were conducted on 5 healthy and normal cycling 

female buffaloes weighing between 449 and 500 kg. The 

Present address: I Assistant PI'oressor, Department of 
Gynaccology and Obstetrics, College of Veterinary Science, 
HPKVV, Pal ampul' 176012. 

1 Professor of Gynaecology and Obstetrics, 'Professor and Head, 
Department of Pharmacology and Toxicology, College of Veteri­
nary Science. 

Table I .Pharmacokinetic parameters of neomycin in healthy and 
normal cycling buffaloes (n=5) after a single Intrauterine infusion 

. of 5 mg/kg body weight 
-----
Detel'mi nants" Units Mean:±: Sf 

A ~lg.mr-l 7.06:±: 1.35 
Ka . hr'1 2.46 ± 0.85 
tI11(Ka) hr 0.51 :l: 0.19 
B j.tg,lhl·1 6.99 ± 0.44 
g . hr'l 0.12;l: 0.01 
t I11(11) hr 5.87 ;l: 0.47 
AUC 'j.tg.ml·I.L 55.09:±: 2.45 
V . 

d(llrcm) L.kg-' 0.51 ± 0.02 
CJa ml.kg-l.h,1 86.70:±: 4.40 
tu hI' 4.25;;1:: 0.34 
F pet:" cent 69 
C

IilOX 
!-lg.ml,1 5.28;:1: 0.11 

t min 
~~------.---

62.00±25.71 

n Pharmacokinetic determinants are as described by Gibaldi find 
Perrier (1982). A and B , zero-time plasma drug concentration 
intercepts of the regression line of absorption and elimination 
phases, respectively; Ka and f3 are absorption and elimination rate 
constants~ respectively; l l1z(Ka) , absorption half"life; til/B), 
elimination half-life; AUC ,area under plasma concentration-time 
curve; "clCar,,) , apparcnt volume of distribution; Cis' total body 
clearance; td ' duration of therapeutic plasma concentration; F . 
bioavailability;. C.", ' maximum concentration of drug; t"", , time 
of peak plasma concentration of drug. 

animals were maintained under standard conditions and 
feeding schedule with free access to water. The reproductive 
health status was confirmed on the basis of history and 
thorough c1inico-gynaecological examination. Neomycin was 
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commercially obtained as neomycin sulphate (unimycin) and 
infused into the uterus of buffaloes during estrus at the dose 
of 5 mg.kg- I body weight. 

BhJod sampling Clnd neomycin as::jay 
Blood samples were withdrawn from the cannulated 

jugular vein before and at 1, 2.5, 5, 7.5, 10, 15, 30, 60 min 
and 2, 3, 4, 6, 8 and 12 hI' after administration of drug in 
heparinized glass tubes. Plasma was separated at room tem­
perature after centrifugation at 3 000 rpm for 15 111 in and 
stored at -20°C till analysis, usually within 8-10 days of 
collection. 

At the time of assay the plasma was suitably diluted with 
O.IM phosphate buffer (pH 7.9). Neomycin levels in plasma 
were detennined by employing the standard cylinder-plate 
bioassay technique usingStaphy/ococGlIS aureus (ATCC 6538 
P) as test organism (Arret et al. 1971, Rampal et ai. 1992). 
A standard curve was prepared with different concentrations 
of neomycin to check the accuracy ofthe method. This method 
permitted the detection of 1.6Ilg.ml·1 of neomycin in plasma. 

Pharmacokinetic calculations 
Variolls pharmacokinetic parameters were determined 

according to the method of computed least square technique 
(Gibaldi and Perrier 1982). Based on these data a suitable 
dosage regimen of lleomycin in buffaloes was calculated 
(Baggot 1977). . 

RESULTS AND DISCUSSION 

The plasma concentration of neomycin following its single 
intrauterine administration ate shown in Fig. 1. Appreciable 
amount of neomycin (3.68 ± 1.01 Ilg.ml·l) waS detected at 5 
min. This was followed by a gradual increase and the peak 
plasma level of 5.28 ± O.llllg.ml:1 was recorded at 120 min. 
At 720 min the mean neomycin level was 3.47 ± 0.32 f.l,g.ml- I

• 

The peak plasma level of neomycin in buffalo species, as 
established in present study was quite high than that reported 
in mares. In healthy mares after its intrauterine infusion 

Table 2.Calculated dosage regimens of neomycin in hcalthy and 
norlllal cycling buffaloes following intrauterine administration to 

maintain specific plasma concentmtions 
---------------------

Desired plasma Dosage Initial Maintenance 
concentration interval dose dose 
(~lg/ml) (hr) (mg/kg) (mg/kg) 

""-------
2 8 2.8 1.7 

12 4.6 3.5 
3 8 4.2 2.6 

12 6.8 5.3 
4 8 5.6 3.5 

12 9.1 7.0 
5 8 7.0 4.4 

12 11.4 8.8 
6 8 8.4 5.2 

12 13.6 10.6 

7 

6 -
E 5. 
OJ 

..2 4. 
Q) 

~ 3. 
c: 
.~ 2 
E 
o 
~ 1. 

o 0 
1 2 4 6 8 12 

Time (hr) 
Fig. I. Plasma concentratton- time profile of neomycin in healthy 

buffaloes following a single intrauterine dose of 5 mg/kg body 
weight. Values are presented as mcan ± SE of 5 animals. Data 
were analyzed according to a one-compartment open model. 

during estrus the peak plasma level was 1.68 Ilg.ml-' at 240 
min (Boyd and Allen 1988). 

The evaluation of the results on observed plasma levels of 
neomycin revealed a monophasic decline. The data were best 
fitted to one-compaJiment open model and were described 
by the equation 

Cp = Be·n, - Ae·Ko, 

where Cp is the neomycin concentration at time t, A and 
B are the zero time intercepts of absorption and elimination 
phases respectively, Ka and B are the absorption and 
elimination rate constants, respectively, and e represent the 
base of natural logarithm. 

Table r presents the kinetic parameters of neomycin 
calculated on the basis of plasma concentratIon. High value 
of absorption rate constant (2.46 ± 0.85/hr) revealed that the 
drug was rapidly absorbed into systemic circulation after 
intrauterine administration. The absorption half-life of 
neomycin in calves of varying age groups was 11.8 - 24.9 
min (Black and Claxton 1982) as compared to 30.6 ± JJ.4 
min in buffaloes. The value of elimination half-life (tim) was 
5.87 ± 0.47 hr which was considerably longer than that 
reported in calves (Burrows et al. 1987) and horses (Baggot 
et al. 1985). The elimination half- lives of neomycin in calves 
and horses were reported to be 1.5 - 2.7 hr and 2.1 hr 
respectively. 

High values of Vel (arcn) (0.51 ± 0.01 L.kg-I) in present 
investigation indicated that neomycin has extensive penetra­
tion into various body fluids and tissues of buffaloes after 
intrauterine administration. Relatively low values of Vellar,al 
have been repOlted in calves (Black et at. 1983) and equines 
(Baggot et at. 1985). The values of V d (area) in calves and 
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equines were 0.39 and 0.23 L.kg·' respectively. The 
bioavailability (F) of neomycin which refers to the percentage 
of drug entering into systemic circulation after intrauterine 
administration was also calculated. For bioavailability, 
neomycin was administered in the same animals after a gap 
of 15 days by intravenous route, at the same dose rate and 
various kinetic parameters were obtained. The bioavailability 
of neomycin was good in buffalo species as it was 69 %. The 
bioavailability of neomycin in mares was reported to be 5.6% 
(Boyd and Allen 1988), whereas it was 75-85 % itl sheep 
after intramuscular, subcutaneous and intratracheal 
administration (Errecaide et al. 1990). 

The prime aim of kinetic disposition study of a drug is to 
determine a satisfactory dosage regimen. It may be computed 
by employing the kinetic data established in the present 
investigation. The maintenance dose (D') is based on 
minimum therapeuti~ concentration of neomycin and is 
obtained by the following equation. 

D' '" Cp(min),VdtuI'C,).(enq) 
Priming dose (D) is calculated by omitting -1 from the 

above equation. 

D "" Cp(tnin),V"t",")·eR
' 

The primary and maintenance doses of neomycin at 
different dosage intervals to maintain various therapeutic 
plasma qOilcentration were calculated and presented in, Table 
2. For neomycin a concentration of 4 f.lg.ml·' (2-6 f.lg.mi") is 
considered to be adequate as min imum therapeutic 
concentration (Weinstein 1975). Taking 12 Ilr as suitable 
dosage interval with an adequate minituull1 therapeutic 
concentration of 4 f.lg.ml", the intrauterine dosage regimen 
of neomycin in buffalo under field conditions would be 9 
mg.kg" followed by 7 mg.kg·'. 
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ABSTRACT 

Chronic arsenic toxicity was induced in goats by oral administration of sodium arsenite @25.0mg/kg b. wt. daily for 
12 weeks. Clinically ,there were dcvelopment of g;astrointestinai and nephritic signs with 100% mortality. Intoxicated 
goats had !eucopaellia, anaemia and increased erytllrocyte fragility rate. Rumen pH became acidic with complete absence 
of its protozoan activity. An increased BSP clearallce time was observed in the intoxicated goats. Urinanalysis revealed 
[ow specific gravity and pH alongwith marked presence of protein, sugar. cast, pus cells and arsenic (>70% mg%). 
Significantly decreased concentrations of urea nitrogen and creatinine with increase of alkaline phosphates were observed 
in urine. The elimination of arsenic mainly OCCUlTed through the faeces and skin. 

Key words : Arset1ic, Clinicopathology, Goats, Toxicity 

Arsenic (As) in ground water in 8 districts of West Ben­
gal, is affecting the quality of 4,4 million human ]ife (Anony­
mous 1996). Being close to some ecological system, the farm 
animals are also likely the victims ofthc catastrophes arising 
from the As pollution. _However, information are limited on 
the biological effects of an in farm animals, excepting a report 
on accidental arsenical poisoning in cattle (Robertson et at. 
1984). This study reports a clinico-pathological features in 
induced As toxicity in goats. 

MATERIALS AND METHODS 

Healthy female Black Bengal goats (12) approximately 1-
year-old, and weighing 11,0 kg, were divided into 2 equal 
groups, viz. 1 and 2. The animals were acclimatized to the 
laboratory conditions for 15 days. They were fed on 0.5 kg 
goat ration; 1 kg hybrid Napier grass, supplemented with 
feed additives twice a day, and were given deionized water 
ad lib. in stainless steel troughs. Animals were hOllsed in the 
groups in indoor concrete floored pens of laboratory animal 
sheds. Reagent grade powdered sodium arsenite was 
weighed and acute lethal dose 50 (LD 50) was determined in 
healthy goats (Biswas 1993). About 1!5th of acute LD 50 (I.e. 
25.0 mg/kg b.wt. ) was dissolved in 300 1111 deionized water 
and fed in a feeding bottle to each goat of group 2 dai Iy for 12 
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Health Centre, .loyrambati. Banlwnl, West Bengal. 

2Sen ior Lecturer. Department ofVetcrinal'Y l\1ellicil1e and Pub­
lic Health: 'Professor, Department of Veterinary Pathology; 
4Reader, Department of An imal Products Technology and Market­
ing', West Bengal University of Animal anci Fishery Sciences, Cal­
cutta 700 037. 

weeks or lli;til death. The deionized water as the sale source 
of drinking water was available ad lib. The remaining <5 goats 
received the deionized water containing sucrose, serving as 
control (group 1) . All goats were examined atleast twice a 
day, and progressive development of clinical signs was re­
corded. 

. Blood, ruminal fluid, urine and faecal samples were col­
lected on 0 day, and thereafter at 3 week intervals. EDTA 
admixed blood samples were used for haemoglobin (Hb), 
packed-cell volume (reV), total erythrocyte and leukocyte 
counts (TEe, TLC) and the erythrocyte fragility test (EFT) 
(Dacie and Lewis 1975). Serum separated from a pali of blood 
samples was used for bromosulfapthafei n clearance test (BSP) 
to determine functional standard activity of liver (Kaneko 
1987). Ruminal fluid samples were utilized to determine pH, 
protozoa count and cellulose digestion test (Slyter 1976). The 
routine examination of urine for specific gravity, pH, protein, 
sugar and caste (Banjam in 1985) and biochemical analysis 
for urea nitrogen (UN), creatine (CI') and alkaline phosphatase 
(ALP) (Frankel et al. 1970) were also performed. 

Blood, urine, faeces, ruminal fluid and hair samples were 
collected at 3 weekly intervals from the animals of2 groups. 
A known volume of all the samples was digested in triple acid 
mixture: (HN0

3 
- 10 parts, HCIO. - 3 pal1s and H1SO,- I part) 

and dilution to a known concentration was finally made with 
deionized water (Sandie 1950). Arsenic contents in the sam­
ples were determined by molybdenum blue method (Stewart 
1989). 

The differences between the groups in the mean values of 
all parameters were analysed using student's t test (Snedecor 
and Cochran 1968). 
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Table 1. Clinico-haematoiogical and urinary biochemical profiles in control and As-induced goats (n = 6: mean ±SEJ 

Parameters Groups Weeks of observation 

0(6) 3(6) 6(6) 9(6) 12(6) 
---------'_ 

Hb (g/dl) C 10.32±0.35 10.40±0.05 1.20±0.06 I ().24±0.07 -10.20±0.09 
I 10.40±0.08 9.60:1::.10 6.90±0.018** 6.40±0.20** 5,70±0, II 

TEC (x 1 010 Ill) C 12.57±0.08 12.38±0.11 11.56±0.14 11,34±0.26 1 1.20:1::0.22 
I 12.60±0.11 11.60±0.08 6.68±0.11 6.44±0.21 5.88±0.12 

pev (%) C 3.12±0.48 31.46±0.32 31.22±0.33 3),02±020 30.90±0.26 
33.00±0.17 29.76±0.24 23.18:1:0.12** 19.57±0.28** 17.30:1::0.14** 

EFT. 100% ;USOS C 0.37±0.01 0.39±0.01 0.38±0.01 0.39±0.02 0.37±0,02 
(%ofNaCI) I 0.37:1:0.02 0.54:1::0.02 0.67±0.0 1 * * 0.68±0.01** 0.70:1::0.01** 

BSP (ty, life, min) C 3.10±0.01 3.11±0.01 3.10±0.02 3.10:1::0.01 3.09±0.OI 
I 3.11±0.02 3.25±0.02 3.69±0.01 4,77±0.02** S.19±tL08** 

Rumina! fluid pH C 7.18±0.01 7.20±0.04 7.18±0.02 7.20±0.02 7.28±0.O4 
I 7.16±0.0 I 6.88±O.O2 6.28±0,04"* 6.21:1::0.03** 6. I 0±0.02** 

Protozoa count C 9.04±().12 8.90±0.[ [ 8.96±0.08 9.00±0.12 9.10±0.08 
(1Q5/cm) I 9.50±0.11 5.13±0.22 

eDT (hr) C 26.80±1.02 26.80:1::0.87 26.00:1::0.61 26.40:1::0.72 27.20±D.49 
I 27.20±O.40 34.0:1::1.08 

Uninary mea N e 1050.40:1::27,05 1020.70:1::19.86 989.50±23.11 1043.66± 18.16 1010.71±27.08 

(mgldl) I 1 048.10±23. 16 97.40±21.80 598.40:1::2 (.88** 389.10±11.70** 270.24:1::11.28"'* 
Urinary creatinine C 90.20::1::0.11 86.00±0.17 90.33:1::0.21 93.60:1::0.84 90.00±1.28 

(mg/d!) I 88.75:1::0.27. 88.40±0.27 74.80:1::1.20** 60.10:1::0.89** 51.40±1.04 
Urinary ALP/KA unit e 1.60±0.11 1.70:1::0.31 1.66:1:0.08 1.68±0.20 L72±O.12 

1.72±0.20 2.20±0.12 10.40±O.16** 12.40:1::0.75** 14.50±O. [I 
----------

n = Numbers ofanil1lals; ** P < 0.01 : C; control; r, intoxicated; 2 animals died on day 78 and the remaining 4 died 011 day 83. 

RESULTS AND DISCUSSION 

Arsenic (As) • intoxicated animals developed mild signs 
of toxicity from week 3, consisting of dullness and depres­
sion, with slightly reddish coloured urine. The As content in . 
blood and hair of these animals were O.S 1 and 5.52 mg% at 
this stage. In 4 to 5 weeks, there were partial loss of appetite, 
reddish coloured urine, oligolll'ia and weakness. During the 
following weeks, brown pellet faeces with mucous, yelloWish 
mucous membrane, rough body coat with erected hair, pro­
found muscular weakness were observed. In 9 week and on" 
ward, there were polyuria, inability t9 get up and salivation. 
A significant (P<O.O I) decrease in body'weight gain (9.80±0.11 
and 8.60±0.20 kg) and increase in respiratory rate (33 .0:1::0.23 
and 40.0::1:: 0.13 / min) and heart rate (99.0±1.23 and 119.0±0.35/ 
min) were observed in 9 and 12 weeks respectively. Two 
animals died on day 78 and the rest on day 83 post intoxica­
tion. None of the control animals showed any clinical signs 
of toxicity. 

Development ofsigns of toxicity appears primarily due to 
massive impairment of kidneys and gastrointestinal functions. 
Clinical signs of eliguria with reddish urine, followed by 
polyuria were the possible indications of renal failure it] As 
toxicity in goats. The onset of gastrointestinal signs might 
be due to entry of As into the G I tract through mucous 
membrane. Appearance of yellowish mucous membrane 

clearly.suggestedjaundicew!1ich might be due to liver dam" 
age and formation of excessive bilirubin that occurred be­
cause of increased EFR. The progressive loss of body cond,i­
tion was possibly becaus(!.of gradual onset of anorexia due 
to toxaemia. 

Blood picture showedsignificant (P<O.01) decrea$e in Hb, 
pev and TEC values on week 6 onwards in the AS,:,induced 
goats than in controls (Table J), suggesting anaemia which is 
possibly resulte<i either from toxic depression of bone mar­
row activity or redustion of~rythropojetin secretion due to 
renal failure. EFT in intoxicated goats indicated 100% lysis of 
RBC in 0.70:1::0.01 % NaCl ~olution, which was highenhan the 
value (0.37:1:0.12% NaCI ~olution) in control animals. As­
treated goats also had signitlcant (P<O ,0 1) leucopaenia from 
week 6 onwards indicating the possibility of depression in 
bone marrow activity and de~truction in bone marrow activ­
ity and destruction of lymphoid tissues. 

The 't' half-life for BSP clearance increased signIficantly 
(P<O.O 1) on week 2 onwards (Table 1), which sl1ggested the 
damage of liver in the As-induced goats, possibly because 
of widespread necrosis of hepatic parenchyma and also the, 
work load as a result of excessive bilirubin from increased 
rate of erythrocytic fragility, 

The As"treated animals had a significantly low ruminal pH. 
(P<O.OI) on week 6 onward ill spite of the alkaline nature of 
the As salt administrated (Table I). The low rumen pH was 
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Table 2. Recovery of As in blood, ruminal fluid, urine, faeces and hair \n=6; mean ±SE) 

Parameters Groups 

0(6) 3(6) 

Blood (mg%) C O.14±O.OI O.13±O.O2 
O.12±O.OO O.51±O.O4 

Ruminal t1uid (mg%) C O.lO±O.OO O.ll±O.Ol 
I O.O9±O.OO O.53±O.OI 

Urine (mg%) C O.O8±O.OO O.O9±O.O2 
I O.10±O.OO O.35±O.O3 

Faeces (mg%) C O.12±O.O2 O.14±O.OI 
I O,13±O.OO 2,58±O.ll 

Hair(mg%) C O.18±O.O4 O.77±O.12 
O.22±Q,02 5.52±1.10 

n, Number of aninla\s ; ** P<().Q\ : C. control; 1. intoxicated, 

perhaps attributed to reflex of chloride ion secreted as a re­
sult of delayed passage of clearance from the dilated 
abomasum as evident from gross pathological findings 
(Biswas 1993). The protozoan activity was also completely 
absent and the count was it from 6 week, suggesting the 
tox ic effect of As salt on the ruminal flora. The complete loss 
of ability to cellulose digestion was possibly due to acidic 
nature of rum ina I pH an d the c omp I ete absence of protozoa 
in the fluid. 

Results ollllrin analysis revealed marked decrease of pH 
(6.80±O.04 and 6.50±O.04), specific gravity (I .020 and 1.015) 
and increase in protein (2 to 3 + and 4+) and sugar (3 to 4+ 
and 5+), presence of granular / epithelia cast (4+ and 5+) and 
pus cells (5+ and 10 to 12+) in weeks 9 and 12 of As-induced 
animals. These changes clearly indicated extensive damage 
to kidney. Kumar and Pandey (J 994) also repOlted similar 
observations in HgCl

1 
induced goats, The lowered urinary 

pH is attributed to metabolic acidosis resulting from uraemia. 
A marked decrease in specific gravity of As-induced goats 
suggested lack of ability of the renal tubules to concentrate 
urine. Nephrosis caused by heavy metals usually results into 
proteinuria due to increased permeability of glomerular filtra­
tion (Parai and Pandey 1992). Renal glycosuria indicated a 
progressive distribution of nephrons characterized by tubu­
lar injury leading to impairment of tubular reabsorption. A 
sigllificant presence of granular I epithelia! casts and pus 
cells suggested the presence of massive tubular damage (Parai 
and Pandey 1992). A significant decrease (P<O.O 1) of Un and 
Cr of the As"intoxicated goats all week 6 onwards was an­
ticipated in view of increase in their concerned blood values 
(Biswas 1993), ALP activity was 6.3, 7.2 and 8.4 times higher 
in As-induced goats on weeks 6 , 9 and 12, respectively, 
which could be attributed to damaged renal tubules releasing 
excess of enzyme in the urine, This finding is in agreement 
with earlier reports of HgCI2 - induced renal dysfunction in 
sheep (Robinson and Hesketh 1976) and goats (Kumar and 
Pandey 1994), 

_._-_ 
Weeks of observation _.--__ ._.-. 

6(6) 9(6) 12(6) 

O.OI6±O.04 O.18±O.O4 O.17±O.O4 
2.05±O.IO** 2.88±O.O9** 3.17±O.O8** 
O.11±O.O2 O.13±O.Ol O.16±O.10 
2.33±O.O6** 2.82±O.11 ** 3.87±O.O4** 
O.10±O.OOO O.07±O.OJ O.Oll±O.O2 
O.70±O.OI** O.58±O.O4** O.36±O.O4** 
O.30±O.18 OAO±O.lO O.7J±O.11 
3.78±O, 16** 4,88±O.71 ** 5.88±{), 13** 
O.98±O.30 O,74±O.10 O.72±Q.14 
7.88±l.OO** 12,64±O.18** l8,19±O.17** 

.-~---~ . ._---

The presence of higher concentration of As in the hair 
and faecal samples of treated animals clearly indicated that 
t~e element is mainly excreted through faeces and skin (Table 
2). On the other hand ,the accumulation of As moderately in 
blood and ruminal fluid suggested its higher retention which 
might be responsible.to induce cytotoxic effects in various 
organs as evident from the histopathological findings de" 
scribed elsewhere (Biswas 1993). 

Results clearly suggested that inorganic arsenic is a 
nephrotoxic heavy metal. Further studies are warranted on 
tissue residues and cytomorphological changes to establish 
its cytotoxic effects in the animals since this metal is rapidly 
becoming an unavoidable environmental pollutant. 
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Congenital anomalies in swine male genitalia 
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ABSTRACT 

Pathomorphological studies for finding out the occurrence of congenital lesions conclucted 011 ·n 8 males (HZ entire 
and 336 castrated) revealed th.: occurrence of testicular hypoplasia in 12.19% (I OfS2), cystic cpididYlllal appcnLli\ in 
10,9% (9/82), segmental aplasia of epididymis in 1.22%, (1/112). cryptorchidism ill 1]_41% (11/1-:2), p<.:rsislcnl penile 
frenulum in 3.11% (13MIX) and deviation ofp(;nis in OA8'~i, (2/4IX) anilll,il~. 

Key \Vonls : Anomalies, Genital system, Pigs 

To understand the nature of various pathological 
conditions occurring in the male reproductive tracts alTecting 
reproductive efficiency of the pigs, systematic studies were 
carried out to record and characterize various 
pathomorphological affections in 418 male reproductive tracts 
ip animals at slaughter or during routine necropsy examina­
tion, The congenital anomalies, some hitherto undescribed, 
were encountered and have been described in this paper. 

MATERIALS AND METHODS 

For the present study the reproductive tracts ti'ol1l 336 
castrated and 82 entire (210 and 18 desi, 2 and 14 Landrace, 
and 124 and 50 crosses) male pigs were collected, whether 
or 1I0t showing lesions, Bareilly, Aligarh Central Dairy Farm 
and the Division of Pathology, Indian Veterinary Research 
Institute, lzatnagar. The animals varied in age between 3 
and 18 months. Aftcr complete evisccration of the carcasses, 
the entire genitalia were removed maintaining their 
anatomical continuity and carried to the laboratory under 
ice in polythene bags as quickly as possible. After clearing 
the fascia and fat, the genital ia were examined systematically 
from testicles to penis including prepuce and preputial 
diverticulum. 

The representative pieces of tissues from constituent 
organs of genitalia, irrespective of the presence of lesions, 
were cut and preserved in ten times of 10% buffered neutral 
formalin. After proper fixation, the tissues were incised in 
thin pieces and washed overnight under runn ing tap water. 
The tissues were then passed through ascending grades of 
ethyl alcohol, cleared in turpentine oil and embedded in 
paraffin wax (me Iting po int 60°C). Four 111 icrons th ick 

Present address: I Scientist (Senior Scale), 2 Principal Scientist, 
Centre for Animal Disease Research and Diagnosis. 

sections were obtained from these paraffin blocks. The 
sections were stained routinely with haematoxylin and eosin, 
duplicate sections, if necessary, were stained with special 
techniques after Culling (1974). 

RESULTS 

Testicular hypoplasia 12.19% (10 cases), cystic epididymal 
append ix 10.97% (9 cases), segmental aplasia of epididym is 
1.22% (I case), cryptorch idislll 13.41 ~';, (11 cases), persistent 
penile frenulum 3 .11 ~!(l ( 13 cases) and deviation of the penis 
0.48% (2 cases) were the congen ital anomalies observed 
(Table 1). 

Testicular hypoplasia 
Intrascrotal testicles in 10 adult pigs were found to be 

abnormally small on one side in 6 cases (4 left, 2 right) and 
on both sides in 4 cases and each measured about 6 cm ;< 4 cm 
x 3 cm and weighed about 46 g. The epid idym is in these cases 
were also smaller-each measuring about 10 cm in length, I cm 
in thickness and 4 g in weight. Microscopically some of the 
seminiferous tubules revealed thin tubular walls lint:d with 
variably thinner strata of germinal cells in which the sertoli 
cells revealed cytoplasmic vacuolations. Stem cells were 
comparatively less numerous among them. There were fewer 
spermatids, Some degenerated, and sparse numbers of sperms 
in the lumina. At times the sperlllatids had coalesced into 
multinucleated structures. In severe hypoplasia the 
seminiferolls tubules exhibited dominant presence of 
supporting (sertoli) cells with a few stem cells without 
showing mitotic activity. Generally the Leydig cell 
populations between the seminiferous tubules were larger. 

Cystic epididymal appendix 
Translucent cystic structures measuring 0.5 to 1.8 cm were 

encountered on one side in 8 cases (7 right side, I left side) 
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Figs 1-6. 1. Cystic epididymal appendix at the junction or the cpididymis and the testis. 2. Segmentaillplasia or the hody of' the Idt 
epididymis in an adult l.andrm:e boar. 3. Bilateral crYjlt()r~hidism. 80th testes in abdomen. EpididYll1cS loosely attached and locatcd lillie 
aw"y rrnl1l tesles proper 4. Perceptibly smaltlcrt cryptorchid testis. Epididymis loosely attached. Contralateral testis and epididymis normal. 
5.Thin fn:nulull1.inining prepuce with Ih~c end oj' the penis. 6.Clock-wise twisting of glans penis in a cryptorchid rig. 

and on both sides in 1 case. These structures were located 
facing the testis, near or at the junction of epididymal head 
or between epididymis and testis in 2, 5 and 2 cases 
respectively (Fig. 1). The epididymis, otherwise, were normal. 

SegmclI/a/ uplasia of lc.fi epiclidjiJ/lis 
An adult Lalldrace boar revealed absence of part of the 

left epididymis in its mid-region. The body of the left 
epididymis was thus missing (Fig. 2). The head and thc tail. 
though present, were found underdeveloped i.c. slllalkr ill 
size measuring 1.5 em and 1.2 em ill lengths and weighing 
10 and 8 g respectively. In the contralateral epididymis the 
head was about 3 C111 long and 23 g in weight and the tail:?'.2 
cm long and 21 g in weighl. The testes on both sides were 
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Table I. Congenital anomalies in female pig genitalia 
-------------------------------------

Lesion 

Desi (18) 
_------

R L B 

Testicular hypoplasia 2 
Cystic epididymal appendix 3 
Segmental aplasia of epididymis 
Cryptorchidism 
Persistent penile t1'cnululTI 

-Deviation of the penis 
Testicular hypoplasia + cystic 

epidydymal appendix 
Cyrptorchidism -I- cystic 

epididymal appendix 
Cyrptord\idism + deviation (If 

the penis 
Cryptorchidism + persistent 

penile frenulum 

Entire pigs (82) 

Landraee (14) 

R L B 

Crossbred(50) 
-----
R L B 

2 3 
2 I 

2 

Castrated pigs (336) 
----~---~--

(210) (02) (124) 

D L DXL 

2 
1 

10 

Frcliency 

occlirance (%) 

*9(10,97) 
*7 (8.53) 
* I (1.22) 
*8 (9,75) 
12 (3,57) 
I (0,29) 
* 1 (1.22) 

I (1.22) 

[ (\.22) 

[ (1.22) 

Figure in parenthesis indicate the number of animals, *Out of 82 entire pig genitalia, D = desi. L"" landrace. DXL == crossbred, R"'right. 
L=left; R:=bilateral 

comparable and of normal size and shape and measllred 5.5 
cm x 4.0 em x 3.2 crn and 62 g each. The seminiferous 
t_ubules were found affected in the left testicle with reduced 
numbers ofgenninul cells which were generally deficient in 
stages beyond the spermatocytes and were undergoing 
degeneration. The connective tissue septa revealed engorged 
blood vessels and sparse infiltration with mononuclear cells. 
Tile lumina of the ducts in the head of epididymis of the 
affected s ide revealed occurrence of small amounts of cellular 
debris consisting of degenerated spermatozoa, macrophages 
and detached epithe I ial cells. The ducts in tail of the 
epididym is on this side were completely empty I.e. devoid of 
contents. 

Oyptofchidism 
The testicles were observed in non-scrotal locations in 11 

pigs including 6 adults (approx. 8 to 18 months), 4 piglets (4 
to :5 months) and I foetus. The coiidition in 8 animals (5 
adults,2 piglets and 1 foetus) was unilateral (left side -5, 
right side -3) and -in 3 cases (1 adult, 2 piglets) bilateral. The 
mal positioned testicles were found located behind the kidneys 
adhering to the abdominal wall in 10 cases (8 unilateral, 2 
bilateral) and at the pelvic inlet in the remaining one (bilateral) 
case (Fig. 3). The scrotal sacs were quite small and tilting on 
one side in unilateral cryptorchidism. They were almost 
unrecognizable in bilateral retention of testes. The retained 
testicles were small, sl11ooth, comparatively firm in texture and 
loosely attached with the epididymes (Fig. 4), The retained 
testes were smaller than normal testes in the adult pigs. The 
testes (10.87 cm x 4.15 em x 3.41 em and 51.12 g) and 
epididymes (1.25 cm x 0.28 em and 4.55 g) in cryptorchid adults 
were almost double in size than testes (5.91 cm x 2.98 cm x 2.47 
cm and 28.65 g) and epididymides (9.6 em x 0.46 cm ancl 3.12 g) 

in cryptorchid piglets. The size of the epididymes in 
cryptorchid adults and piglets were inversely proportional: 
larger in piglets than in the adults. Microscopically the 
constituent seminiferous tubules in the affected testes were 
generally atrophied i.e. smaller in size and less nUl11erOllS, They 
were lined mostly or entirely by supporting (settoli) c~lls 
exhibiting vacllolated cytoplasm. The sperl11atog~nlal cells 
were few and fhr in between Le. 2-3 cells/tubule, The lumina of 
a few tubules revealed little eosinophilic debris_ The. 
boundaries of all the tubules were prominent. The tunica 
albuginea were moderately thick and often revealed mild 
engorgement of blood vessels and mild infiltration with a few 
mononuclear cells and eosinophils. Similar leukocytic 
infiltrations were also observed in rete testis. The leydig cells 
in the connective tissue septa between the tubules were 
generally prominent, large and polyhedral with foamy 
eosinophilic cytoplasm. They were more numerous in the adult 
cryptorchids. The epididymal tubules were found devoid of 
spermatozoa in all the cases. 

Persistent penile fl'enulum 
The cranial portions (glans) of pen ises in 13 cases (12 

castrated, I cryptorchid) were observed to have thin bands, 1 
in each case, of tissue joining the area behind the urethral 
orifice with the proximal pOltion of prepuce on the ventral 
aspect (Fig. 5). 

Deviation Of the peniS 
The free portion of the pen is Le, glans in 2 cases (1 

castrated and I cryptorchid) was twisted to an extent on its 
axis in clock-wise direction (Pig. 6). 

DISCUSSION 

During the examination of the pig genitalia from 82 entire 
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and 336 castrated adult males, the occurrence of congenital 
anomalies was rather common. The testicular hypoplasia of 
mild to severe degree in 10 (12.19%) adult pigs involved 
usually left testicles which were lighter in weight similar to 
those observed by Holst (1949) and Kojima et al. (1974). 
Besides inheritance testicular hypoplasia could be due to a 
number of factors in boars (Ladds 1993) which need 
.elucidation. 

The cysts of the appendix epididymis observed in 9 
(10.97%) cases on single side have been considered to owe 
their origin to the remnants of mesonephric tubules (Ladds 
1993) similar to parovarian cysts. Thomas and Raja (1974) 
in their studies found that 22 cases (little higher percentage) 
had these structures amongst 144 boars subjected to 
castration. 

Segmental aplasia of the body of the epididymis, as 
encountered in a Landrace boar, has also been attributed by 
Ladds (1993) to anomalous mesonephric ducts. The condition 
has been encountered far rarely in the boars than in other 
domestic animals. Two cases in swine of ductus deferens 
aplasia were reported by Heath et al. (1982) in which tail of 
epididymis was continued into stumpy ductus deferens·. The 
m~croscopic picture in the present case compared well with 
that described in rams by Ladds et al. (1990). 

McEntee (1990) and Ladds (1993) stated that 
cryptorchidism is usually seen on one side and the same was 
the case in the present studies. Ten out of II (13.41 %) cases 
were found unilaterally amongst 82 males studied which is 
on higher side than reported (0.24% to 0041 %) by Remes 
(1969), Schulman (1963), and Nador (1990) probably due to 
large number of cases studied by ti1gm. The descent of testes 
to the levels of kidneys in 10 cases and to the pelvic inlet in 
) case could have been due to gubernacular abnormalities as 
stated by Wensing (1968) and Levy and Husmann (1995). 
Microscopically occurrence of vacuolating supporting cells 
with few stem cells supported the contention of arrested sper­
matogenesis at abdominal temperature (Frankenhuis and 
Wensing 1979). The increase in Leydig cell population and 
its morphology as observed in these cases have been suggested 
by Wu and Munoro (1996) to be due to stimulation by sertoli 
cell-secreted mitogenic factor at increased temperature and 
same might hold true in the present study. 

Persistent penile frenula were encountered in 13 cases. 
McEntee (1990) and Ladds (1993) stated that the conditions 
occurred in pigs subjected to early castration when separation 
of small penis from the prepuce got impaired due to deficiency 
of adequate androgen hormonal stimulation. Aamdal and 
Nes (1958) found the condition attributable to inheritance in 
Norwegian Landrace boars. The occurrence of cases of 
persistent penile frenulum indicated the need for further 
studies in the absence of any explanation available in the 

present cases. 
The clockwise twisting of free portion of glans pen is in 1 

castrated and 1 cryptorchid pig could have been due to 
insuffiCiency of the dorsal ligament of the penis as observed 
by Walker (1971) in bulls .. 
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ABSTRACT 

Linear-array real-time ultrasound scanning was used for the diagnosis of pregnancy in 167 ewes 01' 5 diverse breeds 
including fat-tailed Naeemi (N), thin-tailed Texel en and Border Leic'ester Merino (BLM), and semi-rat-tailed Chios 
(C) aild N 'BLM. Pregnancy scanniag was cllrrica oul at 45-60 dltys tloom the beginning (IF mating. The CIVCS detected 
as barn:n were rescanned after an interval of 45 days. The ewes diagno~ed as pregnant at first scanning, however. were 
not rcscanned. Accuracy of identification of pregnant ewes ranged from (j(j.7 to 95.5%. It was tbe highest for BLM 
and the lowest for N ewes. Early embryonic los~es and undetected abortions may have reduced the accuracy of 
pregnancy diagnosis. For greater accuracy, rescanning of all the ewes at 85- I 00 days is recommended. 

Key words: Ewes. Pregnancy diagnosis, Ultrasonic scanning 

Diagnosis of pregnant ewes after breeding is an important 
management practice. The pregnant ewes can then rec~ive 
more attention and better feed as they approach lambing. 
Nonpregnant ewes can be culled, slaughtered or kept on 
maintenance feed until the next breeding. Examination of 
udders and vulva of ewes or recto-abdoll1 inal palpation (Hulet 
and Shupe 1973) have. been llsed routinely for pregnancy 
diagnosis with variable results. Attempts have been made 
over the years to diagnose pregnancy by testing blood 
progesterone levels. This method is expensive and time 
consuming, and lacks practical application (Russel and Poot 
]971). Ultrasound scanning pioneered in Australia (Fowler 
and Wilkins 1980) has recently been used with a high degree 
of accuracy (White et al. 1984, Taverne et at. 1985, Logue 
et al. 1987). This paper presents the results of real-time 
ultrasound scanning in the diagnosis of pregnancy in ewes 
of 5 different breeds. 

MATERIALS AND METHODS 

Experimental animals 
The sheep used for breeding and pregnancy diagnosis Were 

Naeemi (N), Chios (C), Tcxel (T), Border Leicester Merino 
(BLM) and N . BLM. All ewes were over 18 months of age 
and belonged to an experimental flock of the Kuwait Institute 
for Scientific Research. The animals were hOllsed 
permanently in scm i-closed sheds, ear tagged and joined with 
rams in October 1995. Their oestrollS cycles Were 

Present address: I DKuwait Institute for Scientific Research, 
I\ridland Agriculture Department, Food Re~ources Division, 

synchronized using progesterone- impregnated sponges, and 
ovulation was stimulated by intramuscular injection of 500 
IU of pregnant mare serum gonadotrophin (PMSG). The 
rams were allowed to run with the ewes for 35 days. The 
feeding of ewes was withheld for 16 hI' before ultrasonic 
scanning. The pregnancy diagnosis was carried out 45-60 
days after the beginning of mating. Ewes diagnosed as 
pregnant were not rescanned, but those diagnosed as not 
pregnant were rescanned after an interval of 45 days. The 
exact stage of pregnancy at the scanning was determ ined 
from the lambing records. There was no culling of ewes 
before the end of the lambing season. 

Equipment and scanning procedure 
Ewes of the 5 breeds totaling 167 animals were scanned 

using a linear array ultrasound scanner with a dual pregnancy 
probe of5.0/7.5 MHz. The probe covered depths and widths 
of 6·12 cm and 8-10 cm, respectively, from the skin surface. 

The ewes were scanned in a standing position. Before 
scanning, a wool less region of the skin ventral and medial 
to the right precrural skin fold around the udder was cleaned 
with water. At the scanning, coupling gel was applied on 
the flat face of the transducer (probe) which was then gently 
pressed against the skin. The probe was turned along its 1011-

gitudinal axis to scan the whole uterus. Diagnosis of 
pregnancy was made within a few seconds by viewing the 
images on the screen. A positive diagnosis (pregnant ewe) 
was made 011 the basis of a fluid-filled uterus, cotyledons or 
foetal structures such as head, thorax, neck, ribs, limbs etc., 
depending upon the stage of pregnancy. About I min of 
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Table 1. Results of pregnancy diagnosis by ultrasound imaging 
in ewes of 5 breeds 

Pregnancy 

diagnosis 

Number (%) of ewes 
correctly diagnosed 
as pregnant (al 

Number of ewes 
wrongly diagnosed 
as pregnant (b) 

Number of ewes 
correctly diagnosed 
as barren (c) 

Number of ewes 
wrongly diagnosed 
as barren (d) 

Overall accuracy oj" 

scanning - No. (%) 

N C 

Breed* 

'I' BLM N x l'olal 
BLM 

._------------------
24 13 25 21 26 109 

(66.7) (81.3) (83.3) (95.5) (83.9) 

12 3 5 I 5 26 
(33.3) (18.7) ( 16.7) (4.5) (16.1 ) 

26 (l 0 2 29 
(89.7) (100.0) (lllo.O) 

3 0 0 0 0 3 
(10.3) 

65 16 .10 23 33 167 
(76.9) (81.3) (83.3) (95.5) (84.9) 

*N, Naeemi; C. Chios; '1', Texel; BLM, Border Leicester Merino; 
N.' BLM, Naeemi ' Border Leicester Merino. 

scanning time was generally required to establish a negative 
diagnosis (barren ewe). The accuracy of pregnancy diagllosed 
was assessed on the basis of lambing results. 

RESULTS AND DISCUSSION 

Results of pregnancy diagnosis using ultrasound ('fable 
I). Of tile 167 ewes scanned, 26 barren ewes (15.6%) were 
wrongly classified as pregnant and 3 pregnant ewes (1.8%) 
in group d were wrongly classified as barren. Accuracy of 
determination of pregnant ewes varied from 66.7 to 95.5% 
between breeds. The results of this study indicate that BLM 
ewes were much more often accurately diagnosed with 
scanning compared with N, C, Tor N ' BLM ewes. N is a 
fat-tailed sheep breed, C .and N ' BLM are semi-fat-tl.liled, 
whereas T and BLM are thin-tailed. Although different 
breeds within the experimental flock were diverse in origin 
and conformation, it is, however, unlikely that dissimilarity 
between breeds would have made any difference in the 
diagnosis as the quality of image was ~il11ilar for ewes of the 
5 breeds studied. 

Maximum wrong diagnosis occurred in Naeemi (15/65) 

and minimum in BLM (1/23), A possible I'eason for 
incorrectly diagnosing 3 N ewe~ as barren, when in fact they 
were pregnant, could be the presence of rams with the ewes 
<30 days before scanning. As a result, these later conceiving 
ewes were scanned too early forthe pregnancy to be detected. 
The errors arising from over estimation of eWes diagnosed 
as pregnant but not lambing could be due to foetal deaths, 
undetected aboltions or resorption of foetuses. A relatively 
low accuracy in identifying pregnant ewes may be due to 
this problem, as lambing data were used to determine the 
accuracy of scanning. In a flock of ewes where rams were 
run with the ewes for 34 days, White et al. (1984) injicated 
that the optimum time to scan ewe3 was between 85 and 100 
days after the beginning of the mflting. In the present study, 
rams were run with the ewes for 35 days. Thel'efore, a secOlhi 
s.c.a~"t;1,i.".g at 8.5 tQ 1.(1(1 da~~, Qf F!'Nes ~l!d.g~ ~.'b ?J;eg ..... %.\',t, w, 
45-60 days but not lambing, could have improved the 
accuracy of scanning in ollr flock. 
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ABSTRACT 

Biochemical analysis of 6 categories of normal developing antral follicles of goat (Capra hircus) was conducted to 
study the sequential pattern of changes in trace elements. Fe increa5ed from 43.67 in category I to 54.59 j..Lg/g in 
category 5 follicles. The variations in Cu and Mn did not reveal any specific trend but maxima for Mn was observed in 
medium antral follicles and for Cll in large antral follicles. These biochemical variations in trace elements have been 
discussed in relation to the physiology of the follicles. 

Key words: Antral follicles, Biochemical analysis, Follicles, Follicular growth 

Follicular growth and maturation in various mammalian 
species is characterized with increased cellular complexity 
associated with biochemistry of synthesis, accumulation and 
transport of different biomolecules (Sangha and Guraya 
1989a,b, Sharma and Guraya 1990, Sharma et al. 1996). 
Very limited information is available on biochemical changes 
in macromolecules vis-a-vis follicle growth in domestic 
animals (Hafez 1987). Present investigation was conducted 
to' study the pattern of.changes in Mn, Fe and Cu, as will be 
very useful to determine their role in ovarian function and 
thus fertility. The details of biochemical and physiological 
inter-relationships will provide an index to examine deviation 
in situation wherein normal growth and development of antral 
follicles is threatened in vitro system. 

MATERIALS AND METHODS 

The goat (Capra hircus) ovaries, obtained from the 
abattoirs of Kamal and Chandigarh were brought to the labo­
ratory at O°C. The ovarian follicles at different stages of 
development and maturation were manually separated with 
the help of fine forceps and needles under the dissecting 
microscope. These follicles were then categorized into 6 cat­
egories on morphometric basis. 

Each category of the manually separated follicles was 
washed first with deionized water. Thereafter, the weight 
and number of follicles were recorded. Each sampi'e was 
weighing not less than 200 mg. The samples were digested 
in long-necked round-bottom flasks with triple acid 
(concentrated nitric acid: 70% perchloric acid: concentrated 
sLllphuric acid, 10:3: 1) in the ratio of 1: 10 (w/v). This process 
was executed by heating the contents till most of the triple 
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Fig. 1. Pattern of changes in different trace elements during 

folliculogenesis. 

acid mixture evaporated from the flask. The contents of each 
flask were then washed with 2 ml of deionized water and 
were stored in plastic vials at 4° C. 

The concentration of trace elements was determined by 
atomic absorption spectrophotometer (Ludmilla 1976). 
Students 't' test was used to test the validity of results CZar 
1984). 

RESULTS AND DISCUSSION 

The concentration of Fe increased, and those of Cu and 
Mn varied minutely with the advancement in follicular size 
(Tables 1,2; Figs 1,2). These values are in agreement with 
the earlier findings on rat (Sangha et al. 1993). Iron content 
of developing follicles showed an increase up to category 5, 
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i.e, preovulatory follicles. These variations are attributed to 
increased levels of steroid hormones (oestrogen and 
progesterone) that induce increased haemodynamic pulses 
in the vascular shunt of the developing follicles (Sangha et 
al. 1993). These biochemical findings, further endorse the 
earlier findings of Guraya et al. (1991). The increase in iron 
content corresponds with the development of smooth 
musculature around the preovulatory follicles (Ishwar et al. 
1987). The variation recorded in iron level corresponds 
positively to the increased biosynthetic activities of the follicle 
(Sangha ~t aZ. 1993). In ovulatOlY follicles, the iron declined 
may be due to ischaemia leading to the rupture of foHicle 
wall at stigma (a vascular-bed deficient portion). These 
findings further suggest that the variations in iron content 
are in accordance with the haemodynam ic changes observed 
in the folIic'ular wall during follicular development and 
maturation and opines that these changes are regulated by 
intrafollicular factors (Guraya et. al. 1991). The .overall 
average concentration of manganese (Mn) in follicles of 
different categories differ significantly. The maximum 
concentration of Mn was observed in follicles of category 3 
and minimum in category l. These variations are indicative 
of its utilization in enzyme activities like bone and blood 
phosphatase, arginase required for urea formation and as an 
activator of carboxylase, choline esterase, muscle adenosine· 
triphosphatase and other enzymes (Sangha et al. 1993). The 
lower values observed in follicles of categories 1 and 6 are 
possibly due to the poor uptake of Mn in the presence of 
high calcium and phosphorus level (Sherman 1965). The 
maximum copper concentration was 1.5 mg/g in small antral 
follicles. This increased copper concentration can be 
correlated with the increased oestrogen levels which 
presumably relates to the increases in ceruloplasmins in 
synthetase (Sha~ma and Sharma 1997). The variations ob­
served in different categories of follicles are possible due to 
the synergistic effect of progesterone and oestrogen (Singh 

et al. 1991, Sangha et al. 1993, Sharma and Sharma 1997) 
as well as mobilization of copper in erythroCllprein, 
hepatocuprein, cytochrome-C oxidase, tyrosinase monoamine 
oxidase, ascorbic acid oxidase and a number of co-enzymes 
in dehydrogenases required in fatty acid catabolism (Sharma 
and Sharma 1997). These results fix stage-specific norms of 
the trace elements for specific stage of normal developing 
follicle can, therefore, provide additional information that 
deficiellcy of a single or combined trace elements can induce 
reproductive failure. 
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ABSTRACT 

Ultrastructure analysis of tht! oucyks frollllllecliulll alltl'lil follicles (MAI:-3-5 mm diameter) and large antral follicles 
(LAF. >5 111m diameter) havL: been made dlll'ing the follicular phase of goat (Capra hirclls). The variations in lh..: spatial 
distribution of cd I organelles lib: mitochondrill, microvilli. lipid droplet.." glycog..:n bodies and vocalization in the peri ph­
eralooplaslll of both the categories of oocytes revealed that as the oocytes adyanced in sizc the spati,\l distribution ofthe 
organelles was altered and in large antral oocytes all the cell organelles were foun~1 eoncL:ntrated Ilcar the zonapdlucicin. 
These ultrastructural variations within the oocytes of 2 categories shall be discussed in n:latilln to their development. 
maturational and fertilizationlll competence. 

Key words : Goat, Ovary, Oocyte, Ultrastructme 

The oocyte maturaion, fertilizabiltiy and early 
embryogenesis largely depends upon several cytological and 
molecular events occurring within the developing oocyte dur­
ing folliculogenesis (Buccione et al. 1990, McGaughey ef at. 
1990, Philips and Dekel 1991). The cytologicalll1atliration of 
the oocyte is a must for the success of ill vitro fertilization 
and its subsequent development up to the blastocyst stage 
(Tan and Lu 1990, Pay lok el al. 1992, Lonergan et ut. 1994a, 
Carolan et al. 1996). Fiile structural details of the ooplasmic 
components from the antral fo II icles of different sizes have 
been investigated only in case of cattle and sheep (Cran et 
al. 1980). Such investigations are lacking in the goat. In the 
present study, an attempt has been made to point out the 
ultrastructural details of the ooplasmic maturational status in 
2 categories of antral follicles of goat. 

MA TERIALS AND METHODS 

Goat ovaries were collected from the abattoir of Delhi 
(28°38'N, 77°12'E) and were brought to the laboratory 011 ice. 
The follicles were devided in 2 categories on the b'asis of 
their daughter as medium-antral follic les (3-5 mm diameter) 
MAF and large antral follicles (>5 mm diameter) LAF. The 
follicular contents were aspirated out by 24 G syringe ti·om 
both MAF and LAF. The contents were washed in phos­
phate buffer saline (PBS) having pH 7.2 and was fixed in 2.5% 
glutaraldehyde. The samples were processed thereafter for 
electron III icroscopy (Sharma e/ al. 1996). 
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Ultrathin section were viewed uncler electron microscope 
installed at All India Institute of Medical Sciences, New Delhi. 
ancl selected photographs were taken. 

For the analysis of the cell organelles, the method of Cran 
et al. (19&0) was followed. 

RESlJLTS 

The presence of scattered III itochondria, endoplasm ic 
reticuillm, vacuoles, glycogen and lipid droplets in the 
ooplasm of both the categories of follicles was observed. 
The oocyte membrane showed numerous slender cytoplas­
mic processes microvilli anclmicropapillae. The number and 
size of microvilli increased as the oocyte advanced in size 
from medium to large antral follicles (Figs. 1,.\ : Graph I). 

Thick processes ti·olll surrounding cumulus cells wen.: secn 
entering the zona pellucida and some of these even made 
contact with the oolemma. Most of the Goigi complexcs were 
localized in the vicinity of oolemma and comprised number of 
stacks of cisterns with numerous vesci les. 

The mitochondria appeared round to oval in morphology 
but no significant change in size was observed in both the 
categories offollicles. The distribution ofmitochonclria was 
random throughout the ooplasm of medium antral follicles, 
whereas, in large antral follicles, they were concentrated in 
the peripheral zone (Figs 1-4; Fig 6) . Proliferation of 
mitochl)ndria by fission was also seen in the ooplasm of large 
antral follicles. This may be the reason for rapid increase in 
their nllmber. The number of vacuoles near the peripheral 
ooplasmic zone were higher in frequency in large antral folli­
cles as compared to those observed in )11ediulll antral follicles 
(Figs 1,3; Fig. 7). 
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Figs 1-2. 1. Electron micrograph of the peripheral portion oCthe 
oocyte from medium antral follicle showing microvilli (E), 
mitochondria (M), glycogen (G), lipid droplets (L) and vacuoles 
(V). Microvilli project from oocyte surface into the zona pellucida 
(2).2. A high powcr vicw of the central portion of thc cytoplasm 
from an oocytt: ofmcdium antral follicles with the cell organelles 
more dispersed. 

Lipids were seen as round to oval droplets in medium an­
tral follicles but they appeared more elongated in large antral 
follicles. The distribution of glycogen and lipid droplets was 
uneven in medium antral oocyte, however, the number and 
size of these droplets increased and were found aggregated 

Figs 3-4. 3. Peripheral portion of the ooplasm from the large 
antral follicles giving the details like microvill i (E), aggregation of 
mitochondria (M), glycogen (G) and lipid (Ll droplets ncar the 
oolemma. Note the dividing mitochondria (arrow). 4. Central mag­
nified portion of ooplasm from large antral fa lIicles with sparsely 
distributed cclI organelles like mitochondria (M), vacuoles (v) and 
lipid droplets (L). 

beneath the ooplasm ic membrane in large antral follicles (Figs 
1-4; Fig. 4). Similar phospholipid bodies and small vesicles of 
glycogen were seen in the corona radiata and other granulosa 
cells which suggests that these cells contribute lipid and 
glycogen to the developing oocyte. 
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Most of the cell organelles like mitochondria, Golgi com­
plexes, phospholipid droplets and glycogen bodies were scat­
tered in the cortical ooplasm in large antral follicles thus leav­
ing the central area of oocyte less populated. 

DISCUSSION 

The increase in number and size of microvilli in oocyte 
from medium to large antral follicles indicated that uptake of 
the nutritional components frol11 the oocyte continue to in­
crease throughout the later phases of oogenesis (Guraya 
1996). These findings strongly endorse the findings of Moor 
and Smith (1979), who have demonstrated a constant rate of 
uptake of amino acids in the oocytes offollicles having diam­
eter more than 3.5 111m. The uptake increases only during 
second meiotic metaphase. The close association between 
the mitochondria, endoplasmic reticulum and Golgi complex 
observed in the present investigation is suggestive of the 
fact that like most mammalian oocytes in goat also 
endoplasmic reticulum (ER) temporarily dilate of ER is ob­
served in most of the ooplasm (Crall et al. 1980). These vari­
ations are transitory phases of storage of products acquired 
from surrounding granulosa cells as suggested by Norrevang 
(1968). 

Localization of mitochondria beneath the ooplasmic mem­
brane of goat oocytes shows a great similarity to that of rat 
(Sotelo and Porter 1959), hamster (Hadek 1969), cow (Fleming 
and Saake 1972) and sheep (Cran et af. 1980). The goat oocytes 
differ from that of cow (Fleming and Saake 1972) oocytes in 
terms of mitochondrial dispersal as it is not associated with 
the development which is common feature of cattle oocyte. 
The presence of hooded mitochondria in oocyte from LAF 
strongly supports the earlier observations of Senger and 
Saake (1970) and Fleming and Saake (1972) who have as­
signed hooding ofmitochondria to increase the surface area 
for providing specific micro-environment to efficate the ex­
change of metabolites with the ER. It may, therefore, be a 
reason of increase in mitochondrial activity in later stages of 
development. 

The peripheral placement ofER, mitochondria, Golgi com­
plex and glycogen I ipid droplets in the present findings of 
goat, strongly advocates the findings of Wassarman and 
Albertinin (1994) for marnmal.s in general. 

COItical granules were also repOIted beneath the plasma 
membrane in large antral oocytes. In this regard, goat oocyte 
largely resembles that of bovine oocyte (Szollosi et af. 1978). 

Presence of any large glycogen and lipid droplets in the 
oocyte of goat suggest that this is a characteristic feature of 
bovine species in general (Fleming and Saake 1972). These 
vesicles greatly increase in number with the advancement in 
follicle diameter, indicating the increase of yolk deposition in 
the oocyte in LAF required to sustain life after fertilization. 
Similar phenomenon ofvesicIe deposition have been reported 
in rabbit (Zamboni and Mastroianni 1996a,b, Kruaskopf 
1968a,b, Longo and Anderson 1969, Gulyas 1971) and pig­
tailed monkeys (Szollosi et af. 1978) oocytes , thereby sug-

gesting the mode of incorporation of lipid and glycogen drop­
lets is the same in mammals in general, but varied rates lead 
to the species specific differences in oocytes. 
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ABSTRACT 

To study monthly and seasonal variations in the quantity as well as quality of mouse embryos, 949 ± 0.67 animals 
were used for superovulation and subsequent flushing in 237 trials spread over 12 months. Out of these 498 ± 0.62 mice 
had confirmed copulation plug and 312 ± 0.30 animals responded to superovulation. A total of 3 631 ± 1.19 embryos 
were recovered of which 2 892± 1.09 and 739 ± 0.32 were of good and poor quality respectively. It was concluded that 
the month of March was most ideal time for obt[!ining preimplantation stage embryos, 

Key words: Embryo production, Exogenolls gonadotropins, Mouse embryo 

Mouse embryos at pre implantation stage are excellent 
models for conducting pilot experiments on in vitro fertili­
zation, micromanipulation, cloning, cryopreservation and 
gene transfer, because these are economical, compact ,trans­
parent and sturdy.Their culture conditions are also well 
standardized. However,since superovulation is one of the 
most unpredictable aspects ofreproduction, the availability 
both in terms of quality and quantity is restricted by some 
factors beyond our control. 

This experiment was planned to study retrieval rate and 
quality of embryos produced under in vivo system using 
exogenous gonadotropins. 

MATERIALS AND METHODS 

The present investigations were undertaken with 
Swiss-Albino strain of mouse procured from Disease-free 
Animal House of CCS Haryana Agricultural University, 
Hisar, Haryana, and later maintain.e.d at Small Animal House 
of National Dairy Research Institute, Kamal, Haryana. 
During the study, temperature and photoperiodicity of the 
Animal House was kept under control. Virgin females, 8-16 
week old, were induced to superovulate with intraperitoneal 
injections of 5-7 IU PMSG followed 48 hI' later by similar 
dose of hCG. Fem.ales were kept with healthy males 
immediately after bCG injection and copulation plugs were 
confirmed the next morning. Laparotomy was performed 
and reproductive tract was flushed to collect embryos at 
preimplantation stage. The embryos at <8-cell and 8-16-cell 
stage were collected from the oviducts whereas uterine horns 
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were flushed to obtain embryos at 16-32-cell and >32-ceJl 
stage. The embryos were examined under inverted microscope 
which was fitted with camera for photomicrography. 

RESULTS AND DISCUSSION 

Details of animals used for superovulation has been 
presented in Table 1. Quality-wise details of ~ll1bryos pro­
duced has been given in Table 2 (Figs 1-4). 

Quantity of embryos 
In this study 949 ± 0.67 animals were Llsed in 237 

trials spread over 12 months, out of which 498 ± 0.62 
animals had confirmed copUlation plug and 312 ± 0,30 

animals responded to superovulation (Table I). The number 
of animals lIsed for embryo production during different 
month varied from 20 to 160 in to 36 trials. Number of 
animals used for oocyte retrieval ranged between 3-6.111 2 
recent studies conducted for the retrieval of mOLlse embryos, 
Singh (1990) and Das (1991) also Llsed 3-6 females for 
inducing superovulation. 

The number of an imaJs having confirmed copulation pi ug 
over different months varied between 12±0.51 to 96±0.14. 
When the number of animals having confirmed copulation 
p lug was expressed as percentage of an imals treated, it ranged 
between 34.14% (December) and 63.04% (June) with the 
overall average being 52.47%. 

On an average 32.87% of the animals treated for 
superovulation responded to embryo production, the 
maximum being in January (45.00%) and minimulll in 
March (23.12%). After examination of confirmed copulation 
plug, 62.65% of the animals yielded embryos, the maximum 
being in January (92.30%) and minimum during March 
(38.54%). 
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Figs 1·4. 1. Mouse embryo at cell state. 2. Mouse embryo at 4·8 cell stage. 3. Earlymorula. 4. Showing late blastocyst stage. 

Quality of embryos 
The quality of embryos (3631± 1.19) recovered in different 

months in 1 S8 trials was studied. Of these 2 892±l,09 and 
739±0.32 were of good and poor quality respectively (Table 
2). The distribution of good and poor quality embryos over 
different months ranged between 31 (August) to 889 (March) 

and 3 (August and October) to 169 (March) respectively. 
Maximum number of good, poor and total embryos were 
recovered during March, whereas minimum number of good, 
poor and total embryos were produced during August as well 
as in October (Table 2). This may'be because of role of 
photoperiodicty on superovulation response and subsequent 
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Table 1. Details of aniJ~~ls used for Sllperovulati?~ _____________ . ___ . ___ . ___ .. ____ 

Month' No. of Animals treated CP confirmed Animals responded 
trials N.± (S.E) .-

N±S.E. % m:c.-·--pJ'umals treated T"Toj-CP'confiiillea{%/ 
(CY) (CY) (CV) 

---_._------.- .------------.. -~-~---"-~-- ~.--
25 80;1: 0.13 39±0.13 48.75 36 ± 0.10 45.00 92.30 

(20.17) (48.02) (35.18) 
2 8 31±0.23 15.± 0.22 48.38 10 ± 0.18 32.25 66.66 

(16.54) (34.18) (37.03) 
3 36 160±0.18 96 ± 0.14 60.00 37 ± 0.28 23.12 38.54 

(24.91) (32.32) (16.22) 
4 26 80 ± 0.53 47±0.16 58.75 28 ± 0.53 35.00 59.57 

(S.S3) ( 46.99) (25.23 ) 
5 35 118:\: 0.18 63 ± 0.13 53.38 39:\: 0.55 33.05 61.90 

(23.95) (42.1S) (2S.27) 
6 18 92 ± 0.23 58 ± 0.22 63.04 28 ± 0.12 30.43 48.27 

(J 8.85) (29.26) (32.87) 
? 26 t23±O.t2 56±0.14 45.52 44 ± 0.92 35.77 78.57 

(12.76) (33.97) (27.81 ) 
8 5 20 ± 0.00 12 ± 0.51 60.00 8 ± 0.24 40.00 66.66 

(0.00) (47.50) (34.23) 
9 26 123 ± 0.12 56±0.14 45.52 44:;1: 0.92 35.77 78.57 

( 12.76) (33.97) (27.81) 
10 5 20 ±: 0.00 12 ± 0.51 60.00 8 ± 0.24 40.00 66.66 

(0.00) (47.51 ) (34.23) 
11 16 61 ± 0.33 30 ± 0.25 49.18 18 ± 0.85 29.50 60.00 

(34.82) (49.72) (30.36) 
12 11 41 ± 0.14 14± 0.19 34,14 12 ± 0.91 29.26 85.71 

(12.53) (50,81 ) (27.64) ------- --_-" ...... ~ 
Total 237 949 ± 0.67 498:1: 0.62 52.47 .312±0.30 32.87 62.65 

(25.86) (45.12) (35.40) 
.... --~-~-

CP: Copulation plug. 

embryo production (Shanna et al. 1994). Table 2. Quality of total embryos produced ill vivo 
A total of3 631 embryos were recovered from 312 animals ---~-~ 

Good embryos Poor embryos Total embryos 
which responded to superovulation. Thus, the actual recovery Month N±S.E % N±S.E. % N±S.E. 
rate of embryos from these animals was 11,64 (Table 2). (CV) . (CY) CCV) 
Vickers (1967,,· 1969) in 2 different reports obtained a wide 306::1;; 3.87 81.60 69 ± 0.87 18.40 375 ± 4.55 
range of embryo recovery i.e. 7.14 - 13.94 due to delayed (66.32) (58.77) (63.58) 
fertilization. SimiJarrecovery rates were reported by Fujimoto 2 75 ± 4.02 75.00 25 ± 0,75 25.00 100 ±: 3.68 

et al. (1975) in rats and by Das (1991) in mice. However, the (60,00) (44.04) (54.16) 
3 889::1;; 2.61 81.93 169 ± 0.39 15.57 1058 ± 2.85 

recovery rate of Takagi and Sasaki (1976) was much higher (61.00) (47.25) (58.87) 
(21.5) than that obtained in this study. Differences in strains, 4 448 ± 2.63 85.33 77::1;; 0.38 14.67 525± 2.86 
superovulation protocols and other experimental design (70.68) ( 57.38) (64.00) 
might have contributed to this variation. Production of total 5 519 ± 2.22 82.78 108::!: 0.91 17.22 627 ± 2.51 

(73.83) (104.75) (68.97) 
and good quality embryos per animal was maximum in 6 93 ± 4.76 80.87 22:1: 0.80 19.13 115:1: 5.02 
March, whereas this was minimum during July and (57.23) (53.63) (64.11 ) 
September. The possible reason may be that there was 7 71 ± 6.19 54.20 60 ± 1.72 45.80 131 ± 5.78 
availability of light during summer and ratio of light and (128.10) (52.98) (81.72) 

dark cycle is known to influence the superovulation and sub· 8 31:1: 9.50 91.18 3 ± 0,00 8.82 34 ± 11.00 
(86.68) (0.00) (91.51 ) 

sequent availability of embryos. 9 71 ± 6.15 54.20 60:1: 1.72 45.80 13l:±: 5.78 
Besides good and poof"'qualities of embryos recovered, (128.10) (52.98) (81. 72) 

there were many instances when flushing contained some 10 31:1: 9.50 91.18 3 ± 0.00 8.82 34 ± 1 LO() 

unfertilized oocytes or degenerated embryos. Overall, (&6.68) ( 0.00) (91.51 ) 
II 224 ± 2.64 75.93 71 ± 1.86 24,07 295 ± 3.5& 

396±O.29 and 919+0.80 embryos, recovered were unfertilized (62.28) (95.65) (63.63) 
. and degenerated in 128 and 129 trials respectively. 12 134 ± 3.91 65.05 72 ± 1.53 34.95 206 ± 4.66 

These results provide some information about planning (78.79) (67.35) (71.61) 

and conduct of experimental trials for producing embryos at Total ·2892 ± 1,09 79.65 739 ± 0.32 20.35 3631 ± 1.20 
preimplantation stages. It seems that March is most optimum . (71.93) (76.91) (65.62) 
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for obtaining maximum as well as best quality mouse embryos 
at preimplantation stages. 
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ABSTRACT 

Thyroid function, testosterone levels and preputial microbial load were studied in pubertal buffalo bull calves (n=:7). 
mature buffalo bulls (n=8) and mature cow bulls (n=6). Thyroid hormones (T) and T4) in pubertal buffalo bull calves 
were comparable to breeding buffalo bulls and cow bulls, suggesting stable thyroids activity from puberty to sexual 
maturity for initiation of pubertal endocrine and exocrine testicular functions. Testosterone profiles, however, were 
distinctly low in buffalo bulls/bull calves as compared to cow bulls (P<O.OS) indicating species variations and may be 
associated with poor libido of buffalo bulls. A variety of microbes, mostly mixed infections, were harbouring the 
preputial cavity of all categories of males, though slightly greater incidence was recorded in breeding cow buils, while 
buffalo bull calves tended to be baving relatively cleaner prepufial cavity. Escherichia coli was the most frequent isolate.,. 
and the rare occurrc.:nce of Klebsiella spp. in preputial washings was also recorded in the present study. 

Key words: Cow and buffalo bulls, Preputial microbes, Testosterone, Thyroid hormones 

Delayed puberty in buffalo calves, as compared to cow 
bulls, is a major concern of buffalo breeders and scientists 
endeavouring improvement in the reproductive effiCiency of 
this species. Low testosterone levels were recorded in pu­
bertal buffalo bulls experiencing delayed puberty (Perara et 
al. 1979). Induced hypothyroidism resulted in impaired pitui­
tary gonadotrophin secretion and delayed puberty in rams. 
and ewes (Chandrasekhar et at .. 1985) and thyroxine adminis­
tration restored cyclicity and spermatogenesis in 
tbyroidectomised ewes and rams respectively (Brooks et a/. 
1964). 

In addition, preputial micro-organisms often contaminate 
ejaculates with resultant poor fertility results. Preputial mi­
crobial load increases in mature bulls with age (Kher 
and Dholakia 1984), btlt no literature is available on 
preputial microbial load of pubertal buffalo bulls. Present 
study therefore apart fr0111 determining peripheral plasma 
concentrations of thyroid hormones and testosterone, 
also looked at the preputialmicrobiai load in pubertal 
buffalo bull calves, and these parameters were compared 
with mature buffalo and cow bulls. 

Present address: 'Associate ProCessor. Department of Veteri­
nary Gynaecology and Obstetrics, 2Assistant Scientist, .Depart­
ment of Veterinary Gynaecology unci Obstetrics. 3 Assistant Pro­
fessor. Depal'tment of Veterinary Microbiology, 4Research Officer, 
Department of Veterinary Physiology. 

MATERIALS AND METHODS 

Experimental animals and management 
Present study was conducted in January 1995 on pubertal 

buffalo bull calves (n=7), mature buffalo bulls (n=8) and 
mature cow bu Ils (u"'6) main,taiued under optinw1 condi­
tions of feeding an~ tna,,~gt;lment of semen, ba,n\<., bhiwani 
and Hisar. 

Brood and preputial ~ampling 
Morning (9:00 to 1 O:pO AM)juglllar venous blood sam~le,s 

were collt;lcted. in hepariniz,ed glass tubes. centrifuged and 
plasma stored at ~20°C pending ~adio-immunQ assay of hor­
mones. Taking all aseptic precautions, preputial cavity of each 
bull/bull calfwastlushed with 1001111 sterile phosphllte buff­
ered saline (PBS, pH 7.2) for isolation of micro-organisms. 
Preputial washings could not be obtained from 3 aggressive 
buffalo bulls. . . 

RadiO-immunoassay (RIA) o/hormones 
Blood plasma sampleswer~ analyzed for determining thy­

roid hormones (T3 and T
4
) and testosterone concentrations 

using RIA kits supplied by BIvtbha Atomic Research Centre, 
India and DiagnostiC Products Corporation, USA respec­
tively . Inter:assay and intra-assay variations for T, were 
10.6 and 4.65%and for..:t these were 14.69 and2.96% respec­
tively. The assays used highly specific antisera and sensitiv­
ity oftl1(; kits for T

J 
' T4 and testosterone were 0.24 ng/enl , 

0.50 ng/ml and 0.04 ng/mr, respectively. 
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Table 1. Plasma hormonal concentrations and preputial microbial 
load in buJTalo bull calves, buffalo bulls and cow bulls 

Animals Mean ::I:SE 
plasma concentrations (11~~~1_:_!) 

Preputial 
microbial load 

Testosterone T 1 T 4 

isolates ilifection 
Sterile Sin-Mix­

glc cd 
isol- infe 
ates ctiol1 

.---.---~-...----..,:-~~ 

Buffalo bull O,24-::I:(),09' 0.56±0.08 51.37±5.24 4 2 
calves (n=7) 

Buffalo bulls 0.69::1:0.30' 0.66±0.07 48.24±4.48 3 Nil 2 
(n~8) 

Cow bulls 6.59±1.60h 0.67::1:0.09 58.40±8.27 2 2 2 

alb Values with different superscripts in a column differ signifi­
cantly (P<O.05). 

Microbial examination 
Preputial flush samples were centrifuged at 4000 rpm for 

30 min at 4°C and the supernatant was decanted and sedi­
ment was responded in 1.0 ml sterile PBS for microbial isola­
tion. Each sample was inoculated on a set of 3 media (10% 
Sheep Blood Agar, MacConkey Agar and Nutrient Agar) and 
incubated at 37° C for 24-48 hr. Smears were prepared for each 
isolated colony, heat fixed and stained by Gram's method for 
l11orphological evaluation and Gram's reaction. Further iden­
tification was done by the method described by Cowan and 
Steel (1974). 

·RESUL TS AND DISCUSSION 

Endocrine parameters 
Plasma testosterone concentrations in pubertal buffalo bull 

calves and buffalo bulls were similar, though these were sig­
nificantly (P<O.05) lower than cow bulls (Table I), suggesting 
possible genetic / species variations. Low testosterone con­
centrations may also be associated with the reported poor 
libido and prolonged reaction time in bu ffalo bulls (Perera el 

al. 1979), in view of a positive correlation of plasma 
testosterone profiles and libido in cow bulls (Henny e( al. 
1990). The lower testostel'one concentrations, though non­
significantly, in bllffalo bull calves as compared to mature 
buffalo bulls, may indicate delayed pubertal stC!roidogenesis, 
as reported in Holstein bulls (Aman and Walker 1983), 

Thyroid hormones regulate gonadal steroidogenesis 
(Hagino 1976, Brooks et al. 1964) and thyroidectomy at 4 
1110nths of age abolished libido in Jersey bulls (Peterson et 
al. ) 941). In the present study, libido was not directly re­
corded but poor libido in buffalo males (Perera et al. 1979), as 
also suggesled by low plasma testosterone concentrations, 
could not implicate thyroid -mediated efft;:cts since plasma T

J 

and T~ cOl1centl'<ltions were similar in buffalo bulls, buffalo 
bull calves and cow bulls (Table 1). Adult level function of 
thyroids in pubertal buffalo bull calves elucidates maturation 
of the hypothalaillo-hypophyseal-gonadal axis for pubertal 
testicu lar functions as I'eported in rats (Hagino 1976). In ad-

Table 2. Bacterial isolates from the preputial cavity of cow and 
buffalo bulls 

---,"_-
Bacterial isolate Total Single Mixed 

isolations isolates infection 

Bacillus spp. 2 
Pseudomonas spp. 2 Nil 2 
Escherichia coli 4 1 3 
Staphylococcus aurellS 2 I I 
Klebsiella spp. 2 I 
Streptococcus spp. Nil 
Corynebacterium Nil 

pyogenes 

dition , it corroborates the concept of stable thyroidal activ­
ity from puberty to sexual maturity for initiation of pubertal 
endocrine and exocrine testicular functions (Agarwal et al. 
1983). 

Preputial microbes 
A majority of buffalo bull calves (4(7) which were yetta be 

introduced in the artificial insemination programme, were nega­
tive for bacterial infection in the preputial cavity and 2 were 
infected with asingle isolate (Table I). Similarly, matLlre buf­
falo bulls were also less prone to preputial infection.s as the 
preputial fleshings from 3 to 5 buffalo bulls were sterile, though 
the rest2 were having mixed infection. Most of the cow bulls 
(4/6), however, harboured bacteria in their preputial cavity, 
either single or in mixed infection. The most common bacte­
rial isolate was Escherichia coLi, which was isolated from 4 
cases, mostly occurring in mixed infection (Table 2) 
Pseudomonas spp., StreptococclIs spp. and COIynehacte­
rium pyogenes were isolated only in mixed infections frol112, 
J and 1 case respectively. Pseudomonas spp. has previously 
been recorded in mixed infection of bovine prepuce (Reddy 
et al. 1971). Kher and Dholakia (1984) recovered 
COIynebacteriul7I pyogenes from buffalo bull semen, How­
ever, Kfebsiella spp. recovery from prepuce is rare in litera­
ture. Staphylococcus aureus and E. coli were the most com" 
mon preputial microbes recovered from bovine semen 
(Gangadhar et al. 1986). Recorded highest frequency of 
preputial infection in older cow and buffalo bulls than in pu­
bertal buffalo bull calves explains frequent services and 
preputial folds rendering them more susceptible to preputial 
infection (Reddy et al. 1971). 
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There are few sporadic case reports on the congenital 
transmission of Trypanosoma evansi resulting termination 
of pregnancy in naturally infected animals ( Paikne and 
Dhake J 972 ).The present communication reports the results 
of investigation on such transmission through experimental 
infection. 

White albino mice were used to study the congenital 
transfer of infection as laboratory animal model. Adult female 
mice were allowed to mate with their counterpart in indi­
vidual cages. Five such mice in their near term pregnancy 
were infected each with I x t03 live Tevansi( Equine strain) 
intraperitoneally in 0.5 ml of Alsever's solution. 
Parasitaemia in these mice were checked daily by examining 
wet film preparation of tail blood. On day 5 post-infection 
when the mice developed teeming'parasitaemia, they were 
euthenized.by cervical dislocation. Foetuses were carefully 
dissected away from the mothers' uterus. Maternal blood from 
the placentome area and the foetal blood from the cord and 
taiJ were examined microscopically in wet film preparation 
and the parasitaemia was graded following the method of 
Gill ( 1965) as R (rare. less than 1 parasite) ,+ ( I - 5 
parasites) ,++ (5 - 10 parasites) ,+++ ( 10 ·20 parasites) 
,++++ (20 - 40 parasites) and T (teeming -more than 40 
parasites I high power microscopic field). Each of the 20 
foetuses recovered was washed thoroughly in distilled water 
to remove contamination with mothers' blood. 

Foetuses were ground separately with 1-2 tnl of 0.85 % 
Nael solution containing' 1000 IU penicillin and 100 /~Lg 
streptomycin/_ml in pestle and 1110rtar for a minute. The 
homogenate after filtered through 2 - layered gauze was 
examined under microscope and subinoculated in 0.5 ml 
amount intraperitoneally into mice. The recipient mice were 
observed for parasitaemia through tail blood examination 
and mortal ity. 

Present address: IAssociate Professor, Department of 
Parasitology, College of Veterinary Science, Assam Agricultural 
University. Guwahati. Assam 781 022. 

Microscopic examination of blood from foetuses was 
negative to the parasite. Similar examination of saline sus­
pension of foetal homogenates indicated rare parasitaemia 
in only 30% foetuses. However ,subinoculation test was) 00% 
positive as evidenced by appearance of parasites in blood of 
recipient mice within 5-6 days and death of all due to teeming 
parasitaemia in the next 5 -7 days. The subinoculation test 
was more sensitive compared to mic'roscopic examination of 
blood for detection of parasites in this study conforming to 
the report of Pegram and Scott (1976). However, Kraneveld 
and Mansjoer (1954) in their experimental study failed to 
demonstrate the parasite in foetuses of infected rat and rabbit. 
Such failure might attribute to the test adopted for detection 
of parasite similar to the negative findings of microscopical 
examination of blood of foetuses in the present study. 

Results of the present study confirm the congenital 
transmission of T.evansi (Paikne and Dhake 1972 ) in a 
naturally infected she buffalo. Although no satisfactory 
explanation is available in regards to the mechanism by 
which the parasite crosses the placenta, it has been reported 
that the African trypanosomes possess a vascular perme­
ability increasing factor ( Goodwin and Guy 1973 ) and 
biologically active products (Tizard et al. 1978) for alteration 
and destruction of mammalian cells. In spite of teeming 
parasitaemia in the experimental mother mice at the 
placentome with least intervening layers in their 
endotheliochorial placentation, very few trypanosomes have 
been able to reach the foetus. This might be because of 
presence of some additional factors in the placenta which 
restrict the free entry oftrypanosomes into foetus. 

Lohl' et al. (1986) observed abortion as the most frequent 
clinical sign in natural T.evansi infected buffaloes during 
later stage of pregnancy . Edeghere et at. (1992) in their 
experimental infections with T. vivax and T. brucei brucei 
repolted abortion still birth, premature delivery with no gross 
placental lesion in heifer and ewes under the stress of preg­
nancy ,infection induced anaemia, weight loss and hormonal 
imbalance. However, no abortion or still bilth in any of the 
infected pregnant mice of present study was noticed by day 5 
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post-infection when they were sacrificed. This variation 
might be due to the strain of T. evansi and the species of 
experimental host. It is well established that mice has the 
highest susceptibility to T.evansi compared to cattle and 
buffaloes which are chronic carriers of infection. The strain 
of T.evansi used in the present study was highly virulent since 
infection with single parasite caused death of mice within 
10 days. Hence, infection with 1 x 10 3 parasites in the present 
study otherwise would have been expected to cause death of 
pregnant mice without abortion normally in another I or 2 
days (Sarmah et ai. 1985) . This paper forms the basis of 
further study on pathophysiology of transplacental 
transmission of T.evansi in large animals. 
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Mycoplasma induces pleuropneumonia in goats. Various 
species of mycoplasma, viz. Mycoplasma mycoides sub sp. 
capri, M. mycoides sub sp. (LC), M. caprico!um, M. 
caprico!lIm sub sp. capripneumoniae, M. agatactiae, M. 
oVljmllemoniae etc. have been associated with pneumonia in 
goats causing high morbidity and mortality in different parts 
of the country (Uppal et af. 1987, Mukherjee et a/. 1990, 
Srivastava et 01. 1996). In the present investigation attempt 
has been made to isolate mycoplasma species from pneumonic 
lesions and pathomorphological alterations have been 
described. 

An etiopathological investigation on mycoplasma 
pneumonia was conducted by examining 9432 apparently 
healthy goats slaughtered in various abattoirs of the defence 
establishment of North and Eastern parts of the country 
during the period from March 1995 to May 1996. Affected 
lungs (374) were fixed in 10% neutral buffered formalin and 
Vandegriffts solution, processed through conventional 
procedure for tissue sectioning and stained with haematoxylin 
and eosin. Duplicate sections were stained with modified 
Brown and Brenn and Giemsa's method of staining for dem­
onstration of organ ism (Luna 1972). Suspected specimens 
(21) were subjected for isolation of mycoplasma on liquid as 
well as solid mycoplasma medium and the isolates were 
identified on the basis of biological, biochemical and 
serological tests using standard techniques (Alluotto et al. 
1970). 

Out of 9432 lungs examined 374 (3.97%) specimens 
revealed pneumonia, of which 7 specimens (1.87%) had 
lesions ofmycopJasma pneumonia based on histopathological 
examination and microbial investigation. The incidence 
observed in this study (l.87%) was much lower than 9.94% 
recorded by Mukherjee et al. (1990). The lowered incidence 
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Figs 1-2. L Mycoplasma pneumonia: Thickened and widened 
interlobular septa, engorgement of blood vessels and intlltratioll of 
polymorphs ane! mononuclear cells. I-[&E x.1 00. 2. Mycoplasma 
organism 011 peribronchiolar epithelium Giemsa" 1000. 

can be explained by the fact that apparently healthy animals 
declared by antemortem examination were only examined. 

The pathological changes of lungs were variable amount 
of congestion and consolidation in different lobes alongwith 
thickened, prominent pleura and interlobular septa. 
Histologically, lung parenchyma had variable degree of 
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hepatization, serofibrinous exudation with infiltration of 
polymorphs, mononuclear cells in pleura and interlobular 
septa (Fig. 1 ). Accumulation of inflammatory cellular exudate 
mainly neutrophils, mononuclear cells and alveolar 
macrophages in alveoli, bronchi and bronchiolar lumen, 
peribronchial / peribronchiolar lymphoid hyperplasia and 
perivascular lymphocytic cuffing were the main features. In 
all the specimens presence of minute coccoid organism 
morphologically indistinguishable from mycoplasma were 
seen in special stained sections (Fig. 2). Almost similar 
lesions were also observed by earlier workers (Alka-Sharan 
) 986, Srivastava et al. 1989). In 2 cases mixed infection of 
pasteurella and hydatid cyst were encountered and in 1 case 
isolation of Corynebw.:tel'iuln p),ogenes alongwith 
mycoplasma indicated concurrent infection mainly due to 
secondary bacterial complication. Nayak and Bhowmik 
(1988) suggested endotoxinlibrated by mycoplasma organism 
produces toxic injury to vascular endothelium which may 
help in proliferation of secondary bacteria thus complicate 
the picture by masking mycoplasmal lesions. The possibility 
of lowered incidence as observed presently also can not be 
ruled out. 

Out of21 specimens processed for isolation of mycoplasma 
organism.s, only in 2 cases showed changes in pH towards 
acidic side on liquid medium and fried egg colonies on solid 
media. On the basis of biological, biochemical and serological 
tests both the cultures were Jo.,~vcopla.l'ma agalactiae. 
Although this species of organism is known to produce 
mastitis in adult goats and septicaemia, arthritis in kids but 
its involvement in pneumonia is rarely reported (Srivastava 
et al. 1996) .. This could be explained due to sharing affinity 
of this organism for connective tissue and lymphatics (lubb 
et al. 1993) which are affected in the pneumonic lesions of 
mycoplasma. 
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Pasteurellosis is widely distributed in nature and is 
associated with a wide range of septicaemic infections in 
different species of animals including wild animals. 
Occurrence of pasteurellosis was reported in an elephant (De 
Alwis and Thambithurai 1965), zebra and tapir (Wallach 
and Boever 1983), big hom sheep, bison, black tailed deer 
and wild swine (Rosen 1970), snow leopard (Chaudhuri et 
al. 1992) and wild ruminants (Rhoades and Rimier 1992). 
In the present investigation, pasteurellosis was identified from 
a hippopotamus in captivity. 

The carcass of an adult male hippo, about 4 years old was 
brought to the Department of Pathology, Madras Veterinary 
College, for postmortem examination from the Zoological 
Park, Vandalur (Chennai), Tamil Nadu. The animal was 
febrile and anorectic for a day. On the next morning it 
developed respiratory distress and died. Thorough 
postmortem examination revealed septicaemic changes 
throughout the gastrointestinal tract. Inflammatory changes 
with severe congestion were prominent in the stomach and 
intestines. Heart blood smears, heart blood swabs and a piece 
of spleen were collected for microscopic and cultural 
examination. Leishman stain revealed bipolar organisms. 
Biological testing (heart blood swab and spleen) of the 
cultured organisms inoculated subcutaneously confirmed the 
presence of bipolar organisms in the heart blood in 2 rabbits 
that succumbed 24 hr post inoculation (PI). Haemorrhagic 
tracheitis, the typical pathognomonic lesion of pasteurellosis 
and mild splenomegaly was noticed. 

The rabbit heart blood was inoculated into broth and 
incubated at 37°C. The 8-hr-old broth culture as well as the 
rabbit heart blood containing Pasteurella species produced 
minute pin-head -sized dew drop-like colonies on blood agar 
within 6 hr of incubation at 37°C. The colonies were gram 
negative coccobacillary in morphology. There was no growth 
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Fig. I. Pasteurella spp. - Electron micrograph - NonllagcllaLcd 
coccobacilli. (PT A- 13,000 x). 

on MacConkey agar and no haemolysis was observed in blood 
agar. The organism was further characterized biochemically 
(Buchanan and Gibbons 1974) in the genus Pasteurella. 
Other gram negative species like Salmonella strains from 
287 hippo autopsy were isolated and 8 serum samples out of 
144 gave positive agglutination test for brucellosis (Gu ilbride 
et al. 1962). 

The 8 hr-old broth culture was charged on to carbon coated 
grids for transmission electron microscopy for the observation 
of morphological features using phosphotungstic acid 
negative staining and ammonium molybdate capsular 
staining. This revealed pure coccobacillary forms of bacteria 
without flagella (Fig. 1). A thin microcapSUle was observed 
using ammonium molybdate staining. 

Thus, on the basis of morphology, biochemical study by 
standard procedures and biological tests in rabbits, includ­
ing electron microscopy, following isolation of the organism 
from the heart blood and spleen in pure culture, the organ­

ism was recognized as the genus Pasteurella. 
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Pathomorphological studies on affection of male pig 
genitalia were undertaken on abattoir materials in view of 
the meagre information available (Rao 1991). 

The genitalia, from testicles to penises including prepuce 
and preputial diverticulum, frol11 82 entire (18 dest, 14 
Landrace and 50 crossbreds) and 336 castrated (210 dest, 2 
Landrace and 124 crossbreds) pigs, 3 to 18 months old at 
Bareilly and Aligarh abattoirs were examined and their 
representative specimens from different portions with or 
without lesions were processed conventionally for 
histopathological examination. 

A total of 127 (30;38%) male pigs out of 418 (82 entire 
and 336 castrated) revealed occurrence of testiclllar 
degeneration 15.85% (13 cases), chronic epididymitis 1.22% 
(I case), seminal vesiculitis 1.I 9% (5 cases), cystic prostate 
1.91 % (8 cases), bulbourethral adenitis I. 19% (5 cases), 
serrated penis 0.95% (4 cases), scarred penis 0.24% (1 case), 
nodulated penis 0.24% (I case), calculus in preputial 
diverticulum 1.91 % (8 cases), preputial diverticular ulcers 
16.02% (67 cases) and interstitial cell tumor 1.21% (1 case) 
either singly or in combination (Tables 1, 2). The preputial 
diverticulum was affected in the highest number of the cases 
(75f162). 

Characteristics of testicular degeneration consisting of 
smaller testicles, wrinkled tunica albuginea and mild to 
moderate degenerative changes in seminiferous tubules Were 
similar to those observed by Shyu et al. (1985), McEntee 
( 1990) and Ladds ( 1993). 

,Chronic granulomatolls reaction, in the markedly enlarged 
left caudal epididymis with small grey foci of homogenous 
sem i-sol id tissue in an adult crossbred boar, occurred around 
extravasated spermatozoa with necrosis and calcification but 
without giant cells. A sim ilar lesion was also noticed by 
Thomas and Raja (1974) in the tail of the right epididymis 
of lout of 137 boars examined. Escape ofspennatozoa into 
the adjacent connective tissue has been attributed to infection, 
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and the acid-fast material from the extravasated sperllls to 
bring about the granulomatous response (McEntee 1990). 

The accessory sex glands are known for showing lesions 
rarely (Ladds 1993). In the present study seminal vesiculitis 
(i.I9%, 5/418), prostatitis (3.1 1%, 13/418), cystic body of 
the prostate glands (1.19%,8/418) and bulbourethral aden itis 
(1.19%, 5/418) were encountered in castrated pigs 
conforming in histological details with Ball et al. (1964) in 
bulls. The changes could have been due to infection following 
inadequate asepsis under field conditions. 

Penises have been reported to suffer from injuries in all 
species of domesticated animals (McEntee 1990) and the 2 
(0.84%) cases encountered did not appear to be any exception. 
Tip of1.he glans penis in I case was missing with flattened 
whitish grey end. In another case a pin-head-sized nodule. 
made up of fibrous connective tissue, was present at the tip 
of glan.,; penis. Serrations on the sides of glans penises in 4 
(3 castrated, I entire) cases revealed irregular 
hyperkl!ratinization and could have been due to lack OfnOl-'lllaJ 
sexual activity and consequent lack of wear and tear. 

Calculi - one each in preputial diverticulum in 80.91 %) 
castrated pigs occurred as brown, smooth or rough, ovoid or 
spherical, hard structures about 10-20 mm x 5 I11Ill (Fig. I). 
The lining QJ diverticula was usually wrinkled ancl 
occasionally eroded leading to ulcer or plaque formation. 
McEntee (1990) had reported that calculi occasionally de­
veloped in preputial diverticula in boars. The occurrence or 
calculi in the diverticula of castrated pigs appeared to be 
rather distinct possibility in view of the continued 
accuillulation of debris in the sexually non-active males. 

Ulcers occurred in preputial diverticulum in 16.02'Yo (67f 
418) cases. Their occurrence compared well with the 
incidence reported by Bollwahn and Schoon (1980, 15.7%, 
6/38) but was distinctly lower than those reported by Ladds 
(1993, :25-40%) and Wieringa and Mouwen (1983,43.33%). 
The ulcers were seen distributed irregularly on the lining, 
!ongitudinal septum or at the neck of the diverticulum. The 
lining of the diverticulul11 having ulcers was generally highly 
wrinkled with dil1y brown debris. The ulcers were small pits 
up to 2 111m in diameter, single or multiple in 30 cases, 
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Figsl.8. 1.A'large calculus in the prl:putial divcrtiniluill sllllwing crat<.:r<lUS Ilke!s III iI castratnl pig. 2. ~;calklnl )l'lIo\\lsii hr(J\\Illulcers 
with pitted centres in the lining of the preputial diverticulum of a castrated pig. 3. Enlarged ulcers (plaques) in the preputial diverticulum. 
4. Preputial diverticulum. Dermis congested and intlltrated densely with neutrophilic leucocytes. Vacuolar degeneration and neutrophilic 
infiltration in stratum spinosul11. H. & E. x 65. 5. Preputial diverticulum with irregular rough folds in the thickened mucosa. 6. Left testis 
(tumorous) highly reduced in size than the right normal testis in a Des; boar. 7. Interstitial cell tumor. Highly proliferated interstitial cells 
arranged in sheets. H. & E. x 250. 8. Interstitial cell mass containing degenerating and disappearing seminiferiolls tubules. H. & E, x 100, 

craterolls, 2 to 5 !TIm, in diameter, in 14 cases and plaque 
like, 10 to 15 lTIm wide, in 3 cases. [n 20 cases both pits as 
well as plaques were encountered (Figs 2,3). The microscopic 
changes consisted of necrosis in the epidermis accompanied 
with dense infiltration with polymorphs in varying stages of 
degeneration, Occasionally the stratum germinativum had 
fOfmed downward projections into the dermis which was als.o 
engorged and infiltrated with ncutrophils, lymphocytes, 
plasma cells and occasionally eosinophils (Figs 4,5), The 
ulcerative with lesions of hyperkeratosis, parakeratosis and 
acanthosis in the adjoining lining were comparable with those 
reported by Bollwahn and Schoon (980), and Ladds (1993). 
The precise etiology and the mechanism of fonnation of 
preputial diverticu lar ulcers have not yet been elucidated and 
need thorough investigation. . 

A case of interstitial (Leydig) cell tumor was encountered 
in a desi adult boar in the left testis which w?s severely 

reduced in size and weight (3.3 cm x 2,0 cm x 1.1 cm; 11.7Sg) 
compared to right normal testis (7,5 cm x 4,8 cm x 4.1 cm; 
75.0 g; Fig. 6). On incision the left testis revealed large 
areas of yellow discoloration. Microscopically these yellowish 
foci consisted of varying sized masses of interstitial endocrine 
cells arranged in sheets exhibiting remnants of seminiferous 
tubules (fig. 7). The cells were placed close to each other in 
the scanty but vascu[ar stroma, The seminiferous tubules 
were few, compressed and atrophied (Fig. 8), McEntee (1990) 
repOIted comparable histological details in sllch tumors in 
dogs and bulls. Any report of the interstitial cell tumor in 
porcine testis, however, was not traceable in the available 
literature, 

ACKNOWLEDGEMENTS 

We' are grateful to the Head, Division of Pathology, and 



3S2 SINGH AND PARIHAR [Vol. 68. No.4 

Table I. : Spontaneously occurring pathological conditions in male pig genitalia 

Lesion Entire pigs (82) Castrated pigs (336) Freuency 

Des; (18) Landrace (14) Crossbred( 50) 
_------

R L B R L B R L B 

Testicular degeneration II 
Chronic epidymitits 
Seminal vesiculitis 
Postatitis 
Cystic prostate gland 
Bulbourethral ademitis 
Serrated pen is 
Scarred pen i s 
Nodulated penis 
Calculi in preputial diverticulum -
Preputial diverticular ulcers 2 3 
Interstial cell tumor 

Figures in parentheses indicate the number of animals *out of 82 entire pig genitalia. 
D = Des;, L = Landrace, DXL = crossbred, R=right, L= left, B=biIateral. 

(210) (02) 

D L 

5 
10 
5 
4 
3 

8 
34 

Table 2 : Distribution of pathological lesions in male pig genitalia 

Organ Lesion Desi Landrace 

Entire male pigs 
Testis ( i) Testicular degeneration 

(ii) lntcrstital cell tumor 
Testis + preputial diverticulum (i) Testicular degeneration + preputial 

diverticular ulcer 
Epididymis ( i) Chronic epididymitis 

( ii) Total in entire males 2 2 
Castrated male pigs 
Vesicular gland ( i) Seminal vesiculitis 3 
Vesicular gland + bulbourethral gland (i) Seminal vesiculitis + bulbourethral I 

adenitis 
Vesicular gland + penis (i) Seminal vesiculitis + scarred penis I 
Prostate gland ( i) Prostatitis 8 

( ii) Cystic prostate gland 5 
Prostate + preputial diverticulum ( i) Prostatis + preputial diverticular ulcer 2 
Bulbourethral gland ( i) Bulbourethral adenitis 3 
Bulbourethral gland + preputial ( i) Bulbourethral adentis + preputial 

diverticulum diverticular ulcer 
Penis· ( i) Serrated penis 3 

( ii) Nodulated penis 
Preputial diverticulum (i) Calculi in preputial diverticulum 8 

(ii) Preputial diverticular ulcers 36 2 
(iii) Total in castrated males 70 2 
(iv) Total number of cases in entire and 72 4 

castrated male pigs 

Veterinary Research 29 : 1173-84. 

(124) occurance (%) 

DXL 

* 13( 15.85) 
*1(1.22) 
5( 1.19) 

3 13(3.16) 
3 8( I. 91) 

5(1.91) 
4(0.95) 
1(0.24) 
1(0.24) 
8(1.91) 

27 67( 16.02) 
*1(L2I) 

--------_ 

Crossbred Totar 

11 13 
I 

2 3 

1 
14 18 

3 
I 

I 
3 II 
3 8 

2 
3 
I 

3 
1 
8 

26 64 
34 106 
48 114 
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The information available on aetiopathological aspects of 
tubal affections as a cause of infertility or sterility in bovine 
is very meagre. Autopsy findings of the uterine tubes and 
ovarian bursae reveal approximately twice as many lesions 
as are detected clinically on rectal palpation (Dawson 1977). 
The present study was therefore undertaken to know the 
incidence and nature of tubal blockage by gross and 
histopathological investigations of tubal lesions in abattorial 
genitalia ofbuffaloes. 

Genital organs of250 nongravid freshly slaughtered buf­
faloes (46 heifers; 204 buffaloes) were collected from the 
local abattoirs of Anand and Ahmedabad. Tubal potency 
was tested by hydro-airo-tubation as per Kavani et at. (1982). 
The gross structural abnormalities whether congenital or ac­
quired, and of unilateral or bilateral involvement of oviducts 
and bursae_were recorded following macroscopic examina­
tion of the dissected organs. The fallopian tubes of 21 appar­
ently pathological genitalia found were collected in 10% 
formalin for studying microscopic lesions. Histopathological 
investigations of tubal lesions like salpingitis, hydro-salpinx 
and ovarobursal adhesions I blockage were undertaken as 
per the standard procedures with haematoxylin and eosin 
staining. 

Grossly, the oviduct abnormalities were present in 63 
(25.2%) of250 genitalia investigated. Salpingitis was found 
bilaterally in 3 (1.2%) and unilaterally in 5 (2.0%) genitalia. 
Hydrosalpinx and pyosalpinx both were detected only bilat­
erally in 4 (1.6%) and 2 (0.8%) genitalia respectively. Whereas 
ovarobursal adhesions were present bilaterially in 4 (1.6%) 
and unilaterally in 7 (2.8%) genitalia. These plus some other 
unidentified lesions resulted in overall bilateral and unilateral 
tubal blockage in 18 (7.2%) and 45 (18.0%) of the genitalia. 
Among the later, the incidence of right and left tube involve­
ment was 57.8 and 42.2% (26 vs 19 tubes). All these findings 
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agreed well with the reports of Eisawaf and Found (1956), 
Sharma etal. (1968), Kavani et al. (1982, 1986), Nagarajan et 
at. (1987) and Khana et at. (1995). The later authors, however, 
reported a very high incidence or ovarobursal adhesions 
(f9,4%) in buffalo genitalia. The higher incidence of tubal 
affections observed in pluriparous buffalo genitals as com­
pared to heifers (80 vs 20%) could be due to age associated 
changes and repeated infection at each breeding/calving. The 
overall high occurrence of unilateral blockage than the bilat­
eral one and more involvement of right than the left tube 
noticed in the present study was in agreement with the re­
ports of Koike and Kawate (1959) and'Kavani et al. (1982). 
The reason for this could be relatively more active nature of 
the right ovary and also the right tube being handled more 
often than the left during gynaecological examination (Robelts 
1971). 

Histopathological aspects of lesions studies in 35 fallopian 
tubes of 21 excised buffalo genitalia (Figs 1 to 4) revealed 
major structural alterations as hydrosalpinx (7), pyosalpinx 
(3), chronic salpingitis without (7) or with adhesion (8), and 
normal structures (J 0). These microscopic lesions were simi­
lar to the number of earlier reports (Dwivedi and Singh 1971, 
Kavani et al. 1986). 

Hydrosalpinx 
The most common histological changes noticed in 

hydrosalpinx (Fig. 1) were degeneration, desquamation atro­
phy of epithelia linings of.mucosal and submucosal folds. 
The lumen contained eosinoph ilie homogenous material. The 
mucosal folds were either reduced or had last secondary folds. 
The muscularis layer revealed hyalinization. The lumen of 
the isthmic region of some hydrosalpinx revealed pink col­
oUl'ed serous material in add ition to atrophy and loss of sec­
ondary folds and hyalinization of tubal wall. Sections through 
ampullae revealed ampullae revealed multiocular lumen lay­
ing across with many trabaeculae linked by cuboidal celts 
(follicular hydrosalpinx Fig, 2). 

Pyosalpinx 
Majority of pyosalpingitis cases revealed moderate to 
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Figs 1·4, 1. Section through isthmus, The lumen contained pinJ.(coloured homogenous material (hydrosalpinx). Mucosal folds 
are reduced in size with loss of secondary folds and hyalinization of muscularis. H & E x 60. 2. Section through ampulla, 
Multiocular lumen laying across with many trabeculae lined by cuboidal epithelial cells (Follicular hydrosalpinx), H & Ex 24, 
3. Section of fallopian tube. Marked thickening of the mucosal layer due to heavy infiltration of neutrophils, mononuclear cells. 
histiocytes and fibrocytes (pyosalpinx) H & E x 240. 4. Section of fallopian tube showing desquamation of mucosal epithel iUIll 
and submucosal cyst formation (chronic salpingitis), H & E x 60, 
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marked infiltration ofneutrophils, mononuclear cells and hoist­
ing mucosal and muscularis layers. Some cases revealed 
marked thickening of mucosal layer due to infiltration of 
neutrophils, macrophages, histocytes and fibrous tissue for­
mation (Fig. 3). 

Salingitis 
Sections from infundibulum of some tubes revealed de­

generation and desquamation of secondary folds and de­
tachment of some In ucosal folds from muscularis characteris­
tic of salpingitis. Majority of oviducts (left 8 and right 4) 
revealed chronic salpingitis and histopathological lesions 
consisted of complete loss/reduction of mucosal folds, infil­
tration of mononuclear celis, histiocytes, fibrocytes and 
hyalinization of muscularis and moderate to massive fibrosis 
in some sections ofusthmic region. However, sections from 
ampullae revealed denudation complete loss mucosal folds 
with hyalinization and fibrosis of tubal wall (Fig. 3). These 
lesions very well confirmed the reports ofDwivedi and Singh 
(1971), Kavani et al. (1986) and Khanna e/ al. (1995). Fmther, 
the association of salpingi tis with infectious pyometra/metritis 
seen in 11 cases under study suggested the possibility of 
ascending infection as a basic cause of repeat breeding in 
buffaloes. 

Submucosal cysts : Some sections (6) from cases of 
salpingitis and pyosalpingitis also revealed atrophy/ denu­
dation of mucosal folds and moderate to massive fibrosis of 
tubular wall with mUltiple submucosal cyst formation in 
ampullary region (Fig. 4). Multiocular intramuscular cyst for­
mation by the fusion of adjacent folds and denuded epithelial 
linings due to salpingitis that could account for tubal block­
age in cows and buffaloes have also been reported by 
Lombard etal. (951), Robelts (1971), Dwivedi and Singh (1971) 
and Kavanietal. (1986). 

Thus it is concluded that the autopsy findings of uterine 
tubes and ovarian bursa revealed approximately twice as many 
lesions as were detected "clinically 011 rectal palpation, the 
tubal blocks were more frequent on right than the left side 
and chronic genital infection could lead to inflammatory and 
adhesive lesions in the oviduct leading to infertility or steril-

ity in female bovines. 
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Efficient reproduction j"s prerequisite for deriving 
maximum benefit from domestic animals particularly fast 
breeding pigs, Decline in reproductive efficiency has l!;,:d to 
18-70% culling of breeding stock in pigs (Viswanath ~t af. 
1979, Kudl'ac 1980, Nath et al. 1982, Sing et al. 1983, Das 
et (II. 1986, Kunneken et al. 1989, Obwolo and Lawson J S>92). 
In spite of important role of genital disorders in pigs, 
information on their nature and occurrence has been metLgre. 
The present communication attempts to supplernent 
information on this fact and details the patholo~ical 
abnol'mal ities encountered in female pigs, . 

The genitnltracts from ovaries to vaginal vestibule from 
218 females (90 gilts and 128 non-gravid sows) \vere 
collected, observed and then representative tissue pieces from 
different portions/areas were processed conventionally for 
histopathological studies, 

Examination of 218 female genitalia (90 gilts: 33 d<:!si, 7 
Landrnce and 50 crossbreds and 128 non-gravid sows: 62 
desi, 4 Landrace and 62 crossbreds) revealed occurrence of 
lesions in 103 (47.24%) cases in 27 (12,38%) gilts at)d 76 

~ 

(34,86(%) sows (T,lbles 1,2). The occurrence 01' the 
patho logical cond itions, other than congen ital IC%ions 
(ovarian hypoplasia, uterine tube aplasia and hel1liuterus, 
uterine tube diverticula, segmental aplasia of uterus, 
parovarian cysts and Gartner's ducts), was found alml)st at 
the SHme level as those reported by Viswanath el aI, (1979) 
and Sing C!I al. (1983). Relatively lower occurrence (1 (j,9 to 
28,8%) was reported by Das el o/. (1986), Nath et al. (1982), 
nnd Obwolo and Lawson (1992), which could have bee l1 due 
to the ract that they had not looked j(Jr microscopic lesions 
also. Silobad (197 f), in his analysis of postmortem findings 
hllwever, reported higher (59%) incidence of genital tract 
abnormal ities, Amongst gilts 30% (27/90) and amongst sows 
61. 71 (~;) (761128) genitalia revealed the lesions. Thu%, the 
sows were found more commonly affected than gilts obviously 
due to their being subjected increasingly to stress factors 
connected with reproduction. The abnormalities rec()rded 

PI'csent address: 1 Scientist (Senior Scale). lPrinciplll Sci~ntisl. 
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presently werc higher in desi (60/95) than in crossbreds (391 
1 J 2) and Landrace (41l1) females wh ich is not in consonance 
with observations of Das_el al. (J 986). 

The lesions occurred in ovaries (71/103; 68.93%), uterine 
tubes (38/1 03; 36.89%), and uteri (21/103; 20.38%) in 
decreasing order. Silobad (1971) and Gamcik and Sevcik 
(1961) reported comparable incidences of ovarian affections. 
But the occurrence of uterine tube affections was relatively 
low ancl the uterine affections quite high (Gamcik and Sevcik 
1961), 

According to McEntee (1990) cystic ovaries accounted 
for about 10% of the reproductive problems in sows. Presently 
in 28 (12.82%) cases, 8 gi Its and 20 sows, the ovaries revealed 
cystic follicles (I J cases), haemorrhagic follicular cysts (8 
cases) and cystic corpora lutea (9 cases) (Figs 1-4). Tile 
mechan isms of occurrence of cysts in individual cases is an 
area for further investigation, In 3 cases (1 gilt and 2 sows) 
variably distended rete ovarian cystic spaces lined with 
flattened to low columnar, Llsually nOl1-ciliated epithelium 
rarely forming projections (Figs 5, 6) were detected micro­
scopically in the medullary region in ovaries as observed in 
other domestic animals including swine (Gel berg et Cli. 1984), 
Though the role of cystic rete ovarii in reproductive process 
is not known, the condition is being reported in pigs. most 
probably for the first time in the country, Oophoritis in 9 
(4.12%) cases with infiltration with lymphocytes, plasma 
cells and eosinophils in connective tissue stroma and theca 
layers 0 f foil icles and corpora lutea, was akin to that described 
by McEntee (1990) and Sing el aI, (1983). Haemosiclerosis 
in ovaries recorded in 1 J (5.04%) cases was also similar (Sing 
et erl. 1983). The golden brown pigment within the 
Illacrophages in diffuse or aggregated fashion in the ovarian 
substance around receding corpora haemorrhagica, corpora 
lutea, corpora albicans ancl blood vessels formed blackish 
brown minute spots (Figs 7,8). 

Microscopically oviducts in 28 (12,84%) cases (I gilt, 27 
sows) revealed foci of flattened stratified squamous epithelium 
on longitudinal folds (figs 9, 10). Sing et al: (1983) observed 
lower occurrence (6,6%; 8fl20) of cases of squamous 
metaplasia of uterine tubes with similar histological details. 
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Figs 1-8. 1 Ovarian follicular cysts, 2. Cystic tollicle. (H & Ex 100).3. i-Iaemofl'hagic follicular cysts. 4. Cystic corpus lutellm. (1-1 & E ~ I 00).5. 
Cystic rete ovarii. (I-I & Ex 100).6. Cystic rete ovarii with papillary infoldings. (H & Ex 65). 7. Haemosiderin deposits inlhe ovarian cortex. 
(H & E x 100).8. Same as in Fig. 7. (Perl's stain x 100). 
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-

Figs 9-16. 9. Uterine tube. Focal squamous metaplasia. (H & Ex 65).10. Same as in Fig. 9. Proliferation and stratification of epithelial cells 
evident. (H & E x 250) 11. Cystic elevations on the uterin~ mucosa. 12. Uterine mucosa velvety and folded. 13. Same as in Fig. 12. 
Myxomatous lamina propria-submucosa. (H &. E x 100). 14. Cystic endometrial glands. (H & E x65). 15. Acute endometritis. Neutrophilic 
infiltration prominent. (H & Ex 100). 16. Subacute endometritis. Lamina propria-submucosa infiltrated with mononuclear cells. (H & Ex 
250). 
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_________________ Tabk !_. Spontat~ly occllrriI:_~sions in female pig genitalia 

_______ c:;_~lt_(_90):_____ Sow (128) 

Lesioll Desi (33) 

R L B 
Landrace (07) Crossbred (50) Desi (62) Landrace (04) Crossbre~_~~) Frequency 

~~-----~~~---~~-----~~-------
R L B R L B R L B R L B R L Bo~urr~ 

Cystic follicle 

Haemorrhagic -
follicular cyst 

Cystic corpus 4 
lutelllTI 

Cystic retc 
oval"ii 

Oophoritis 

I-Iaemosi-
derosis in ovary 

Ovarian 
hypoplasia 

Paroval"ian 
cyst 

Uterine tube 

3 

squamous metaplasia 
Salpingitis 

Uterine tll be 
aplasia and hem i-uterus 

Uterine tube I 
diverticulum 

Endometrial 
oedema 

Cystic 
endometrial glands 

Endometritis -

Segmental 
aplasia of uterus 

Ccrvicitis 

Vaginitis 

(illrlner's duct -

3 

3 

3 

2 

-' 

nce (%) 
~-------------------- -------,,---

2 4 

3 

5 

3 4 

3 

3 

5 2 6 

18 

2 

2 

5 

2 

6 3 

H 
(5.04) 

8 
(3.66) 

11 
(5.04) 

3 
( 1.37) 

9 
(4.12) 

2 II 
(5.04\ 

5 
(2.29) 

3 3ll 
(13.76) 

8 28 
(IVl4) 

5 
(2_29) 

2 
(0.91 ) 

2 6 
(2.75) 

2 
(0.91 ) 

'-( 6 
(2.75) 

5 11 
(5.40) 

2 
(0.91) 

2 3 
( 1.37) 

2 
(0.91) 

I 
(0.45) 

Figures in parentheses indicate the number of animals; R. right; L , lett: B , bilateral. 

The porcine fallopian tube has been considered comparatively 
more prone to develop squamous metaplasia than the uterine 
tube in other domestic animals (Kuttel193 5). Palludan (1996) 
opined that the changes were due to vitam in-A oeficient diets 
which could also not be rulecl Ollt in the present studies. 
Salpingitis in 5 (2.29%) cases (1 gilt, 4 sows) WaS akin to 
those described by Kennedy and Miller (1993). The condition 
has been reported in 1.3 to 10% swine (Kuttel 1935, Silobad 
1971, Viswanath et 11/.1979, Sing er at. 1983, Das et CIt. 
1986). Even the mildest form of salpingitis has been reporLed 
to create unfavourable environment for the survival of the 
ova and sperms (McEntee 1990) and the same could not be 

ruled out in these Cases also. 
Due to endometrial oedema uterine mucosa was swollen, 

glistening ard cov\'!red with mucus in a desi sow (Fig. 11) 
and was turgid with bUlging conglomeration of mucosal folds 
in a crossbred gilt (Fig. 12). Microscopically the connective 
tissue in deepe-r layers waS scanty and raretied between the 
endometrial glands (Fig. 13). The condition in bitches, cats 
and cows has been stated to occur mostly due to excessive 
and prolonged oestrogenic stimulation (Kennedy and !Vl:-iller 
1993). The uteri in 6 cases (2.75%) revealed dilatation of 
deeply situated endometrial glands with sparse mononuclear 
cell reaction in the adjacent connective tissue stroma (Fig. 
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Table 2 . Distribution of pathological lesions in female pig genitalia 

Sl. Organ Lesion Gilt Sow Total 
No. Desi Landrace Crossbred Desi Landrace Crossbred 

I. Ovruy Cystic follicle 3 3 
Haemorrhagic follicular cyst I 1 
Cystic corpus luteum I 3 
Oophoritis I 
I-1aemosidrosis in ovary 2 
Ovarian hypoplasia 2 
Ovarian hypoplasia + cystic rete ovadi 
Parovarian cysts 2 I' 6 6 
Parovarian cyst + cystic corpus luteum 1 I 
Baemorrhagic follicular cyst + 

haemosidcrosis in ovary+salpingitis 
Oophoritis + haemosiderosis in ovary 
Cystic rete ovarii + oophoritis 

10 4 J9 9 44 

2. Ovary + uterine tube Cystic follicle + uterine 3 
tube sq. metaplasia 

Haemorrhagic follicular 
cyst + haemosiderosis in ovary 

Cystic corpus luteum + uterine 
tube sq. metaplasia 

Cystic corpus luteul11+parovarian 
cyst+oophoritis+uterine 

tube sq. metaplasia 
Oophoritis + uterine tube 

sq. metaplasia + salpingitis 
Ovarian hypoplasia + uterine 

tube sq. metaplasia 
Ovarian hypoplasia + uterine 

tube sq. metaplasia + salpingitis 
Parovarian cyst + uterine 

tube diverticula 
Parovarian cyst + uterine 

tube diverticula 
Parovarian cyst + uterine 2 

tube sq. metaplasia 
Parovarian cyst + uterine 

tube diverticula + cystic corpus luteum 
Parovarian cyst + haemorrhagic 

follicular cyst + uterine tube squamous 
metaplasia + haetnosiderosis in ovary 

Parovarian cyst + cystic corpus 
luteum + oophoritis + uterine 
tube sq. metaplasia 

Parovadan cyst + oopharitis + 
uterine tube sq. metaplasia 

3 II 4 20. 

3. Ovary + uterus Oophoritis + cystic endometrial gland 
hael110rrhagic follicular cyst 
+ endometritis 

r Parovarian cyst + endometritis 
.1 ) 3 

4. Ovary + cervix Parovarian cyst + oophoritis + 1 
--------

(Table;) continl/ed) 



14). The condition has been opined to occur following 
resolution of mild endometritis (Kennedy and Miller 1993). 
Endometritis with distinct leukocytic cell infiltration in the 
lamina propria and focal degeneration and denudation of 
mucosa were encountered in 11 (5.04%) sows (Figs 15,16). 
Endometritis even of mildest magnitude has been considered 
of great significance in animal infertility (Kennedy and Miller 
1993). 

The pathological changes in 3 cases of cervicitis also 
resembled those described by Kennedy and Miller (1993). 
The low occurrence of vagi nits in 2 (I.3 7%) cases simulated 
the findings ofViswanath et al. (1979) and Sing et al. (1983) 
and was in concordance with the fact that the vagina remained 

resistant to myriads of bacterial infections by virtue of 
oestrogenic effect, lactic aci!1 production and stratified lining 
(Kennedy and Miller 1993). 
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Several extenders are currently in use by commercial 
artificial insemination centres and Kiev is the most widely 
used dilutor among them (Plisko 1965). [n some experiments 
Beltsville thaw solution (BTS) has shown better fertility than 
Kiev (Aalbers et al. 1983). [n India very limited work on 
preservation of boar semen (Murthy and Rao 1975, Tamuli 
et al. 1986, Rao et al. 1991, and Rao et al. 1992) has been 
conducted. The present study was carried out to compare 
the preservability of diluted boar semen with BTS, Kiev and 
BL 1 dilutor and stored for 72 hr from I 8° to 20°C. 

Sperm rich portion of the ejaculates were collected from 
5 Large White Yorkshire boars following the method ofZavos 
and Liptrap (1987) and were apportioned into 3 parts and 
diluted with BTS, Kiev and BL I di lutor at semen to extender 
ratio of I :2. The diluted semen samples were kept separately 
in 100 ml flexible plastic bottle and stored at 180°C. Seminal 
characteristics like sperm motility, live sperm percentage, 
normal acrosome percentage, head and tail abnormalities 
were assessed at 24 hr interval following the standard 
procedure and results were analyzed statistically according 
to Snedecor and Cochran (1967). 

Mean value ofseminal characteristics is presented in Table 
1. Highly significant effect of dilutors (P < 0.01) on sperm 
motility and percentage of I ive spermatozoa was recorded 
between 48 and 72 hr of preservation which is similar to 
the finding of Bhuyan et al. (1992). Vijaykumar and Iyar 
(1980) however, recorded lower motility with Kiev dilutor 
at 0-12, 12-36 and 36-48 hI' of preservation. Tamuli et al. 
(1986) recorded lower percentage of iive sperms in dil uted 
semen during different stages of preservation to GPSE, a 
dilutor containing EDTA and thus substantiate the present 
finding. The average percentage of normal acrosome with 
BTS, Kiev and BLI dilutor during different hours ofpreser­
vation showed highly significant effect of dilutors at 24,48 
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Tablel. Mean percentage (± SE) of seminal characteristics 
___ ~ __ ~ ___ ~ __ during ~p~'eser~ation 

Dil- Motilily Live Normal Head Tail 
utors (hr) sperm arsome abnormality abnormal ity 
-----_.~---" 

81'S 0 81.465 83.641 98.166 2.625 2.025 
±O.196 ±0.264 ±O.133 ±0.114 ±0.195 

2i 71.225 80.183 95.250 2.490 3.125 
±0.221 ±O.460 ±0.238 ±0.140 ±O.064 

48 67.308 45.058 85.333 2.540 5.100 
±0.312 ±0.288 ±O.329 ±0.103 ±O.O73 

72 63.785 40.075 78.250 2.560 11.413 
±0.289 ±0.492 ±0.601 ±0.099 ±O.228 

Kiev 0 80.291 84.258 98.083 2.650 1.837 
±0.266 ±0.238 ±0.126 ±0.133 ±O.229 

24 70.583 80.900 95.750 2.560 3.425 
±0.248 ±0.194 ±0.169 ±O.IOI ±0.192 

48 66.250 74.983 85.416 2.430 5.858 
±0.129 ±0.294 ±0.187 ±0.130 ±0.341 

72 61.525 70.433 79.916 2.660 11.533 
±0.520 ±0.503 ±0.384 ±0.005 ±0.479 

BLI 0 81.358 83.408 98.333 2.545 2.133 
Dilutor ±0.297 ±0.205 ±0.127 ±0.085 ±O.187 

24 70.925 81.525 85.933 2.515 4.583 
±0.480 ±0.298 ±0.335 ±0.085 ±0.288 

48 62.725 70.925 80.833 2.535 7.216 
±0.411 ±O.480 ±0.335 ±0.098 ±0.255 

71 59.816 63.141 74.583 2.520 12.183 
±0.533 ±O.422 ±O.252 ±O.095 ±0.383 

and n hr of preservation with lower value in BL 1 dilutor 
than other dilutors which is in accordance to the finding of 
Bhuyan et al. (1992). Nonsignificant effect of dilutors and 
preservation time on incidence of head abnormality was 
recorded which is agreeable with finding of Ruiz Gonzales 
(1986). The incidence of tail abnormalities varied from 1.837 
to 12.183% with different dilutors at different hours of pres-
ervatioll. 'Highly significant effect of both hours of preser-
vation and dilutors on the incidence of tail abnormalities 
was recorded. Increase in the incidence of tail abnormality 
after freezing and thawing has been reported by Baviskar 
(1985) and Sinha (1986) which supports the present findings. 
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The superiority ofBTS and Kiev dilutor over BL 1 dilutor 
might be due to presence of sodium salt of EDT A in the 1 
and 2 dilutors. The EDT A is not toxic to boar spermatozoa 
and also inhibits enzyme activity during storage (Plisko 
1965). The inhibitory action of antirelaxin serum on porcine 
spenn motility is neutralized by EDTA (Juang et al. 1990) 
and prevent the decrease of aldolase enzyme action (Kuril0 
1968) and thus may help in preserving sperm motility for 
longer period. 
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ABSTRACT 

A study was conducted to assess and compare the growth performance and carcass yield trait~ or Black Au~trnlnrp 
(SA). Malawian lacal chicken (LC) und tl\eir F. crasses at 8 weeks of age. Far each genotype BA " BA, LC . LC.8A 
x LC and LC ~ BA,45 birds wCl'e used, Commercial growers' mush was li:d to cxperimcntal roasters ad liD, Bf\ '. 8;\ 
roasters were significantly (P< 0.05) superior for live body weight at 20 weeks aud avcrage daily weight gain to 20 \Vee~s 
of age. SA " LC and LC x BA were intermediate and signiticantly heavier thun LC '< LC. LC > LC consumed the least 
amount of feed, whereas BA :.: BA. SA x LC and LC x SA consumed similar amount of fcud. I.e· LC WDS significantly 
inferior (P< 0.05) for warm carcass, drumstick, thigh, breast meat and remaining carcass yields. Drumstick and thigh 
yields did not ditTer signilicantly (P< 0.(5) between SA ~ SA and SA >: Le. Le x BA had similar hreastl11,eat.yield to 
BA x BA.BA x BA was significantly superior(P< 0.05) for remaining (:arCilSS yields while BA ' LC and I.e ;< SA were 
intermediate. There were no significant differences (P> 0.05) due to gellotypes for proportion (%) of carcass parts yields 
except wing yields. Wings constituted a signii1calltly higher proportion of LC " LC warm carcass, crossbreds were 
intermediate and BA x BA was significantly inferior. 

Key words: Black Australorp, F. crosses, Malawian local chicken, Roasters 

In Malawi, the Department of Veterinary Services, in its 
policies and plans for development of the livestock industry, 
recommended Plymouth Rock, Black Australorp and Rhode 
Island Red as suitable breeds of chickens to crossbreed with 
the Malawian local chicken (Upindi 1989). However, 
information on the exotic breeds tested with local chicken so 
as to corne out with suitable recommendations is limited. 
This study was aimed at assessing and comparing the gr0wth 
performance and carcass yield traits in Black Australorp, 
Malawian local chicken and their FI crossbred roasters under 
deep litter system of management. 

MA TERIALS AND METHODS 

Black Austrulorp (8 cocks and 77 hens) at 32 weeks of 
age and mature Malawian local chicken (83) were purchased. 
Parent chickens were assigned to mating groups (Table 1), 
903 eggs were collected and sent to Central Hatchery -
Lilongwe for incubation. Day-old chicks hatched (706) were 
brooded. Wood shavings was used as litter material and 
charcoal burner as source of heat. Chicks were fed on 
commercial chick mash (20% CP) ad lib. and clean drinking 

Present address: I Ministry of Agriculture, Livestock Division, 
P.O. Box 852, Shillyanga, Tanzania. 

2,) University of Malawi. Bunda College of Agriculture, P.O. 
Box 219, Lilongwe. Malawi. 

Table 1, Mating groups, number of eggs collected for incubation 
and number of chicks hatched fmm parent chickens, 

-------.-----~--.--.....-,.----.-------.--------------

Mating Number Number Number Number 
parents of cocks hens eggs colkctedchick hatched 

SA x BA 4 38 232 152 
LX y. 4 37 253 192 
SA "',Le 4 38 248 208 
LC x BA 4 39 220 154 
Total 1,6 152 953 706 

BA. Black Australorp; LC, Malawian local chicken. Fertility, 
81. 90%: hatchability 91.80";(1. First pair of letters represents the sire 
ancl the second pair stands [or dum. 

water provided daily. Oxyvit chick formula was given in 
drinking water daily for the first 2 weeki and chicks were 
vaccinated against gumboro disease at 3 weeks of age. 
Brooding period lasted .at 8 weeks of age and sexing of chicks 
was carried at th is stag~. 

From each of the 4 genotypes, 45 male chicks were reared 
as roasters under deep litter system to 20 weeks of age. Fifteen 
birds were assigned in pen measuring' 2.00 m x 1.95 m 
covered with wood shavings. Chickens were vaccinated 
against Newcastle disease 3 days after being assigned into 
experimental units. Commercial growers' mash (16% CP), 
was feci to roasters ad Ub. As group feeding was practised, 
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Table '2. Means and standard errors of growth performance in 
roasters ____ --------------------------------

Parameter BA x BA LC x LC SA A LC LCx BA 

Live weight (kg) 
8 weeks 0.34±0.12' 0.26±O.1Ib 0.32±O_15'b 0.3±O.19" 
20 weeks 2.28±0.03' 1.783±0.03c 2.14 ± O.Olb 2.09±O.03b 
Total feed 9.05±1.03' S.16±J.Olb S.82±0.95" 8.79±O.89' 

intake (kg/roaster) 
Daily 22.92±0.93' lS.75±O.83c 21.69±0. 78'" 20.66±O.99b 

weight gain (g/roaster) 
Feed: gain 4.90±0.48 5.34±0.49 4.88±0.36 5.29±0.47 

ratio 

..c Means of the same parameter in a row with different 
superscript are significantly different (P<0.05). 

group weighing record for body weight, feed consumption 
and daily weight gains per roaster were kept per unit. At 20 
weeks of age, 6 roasters from each genotype were slaughtered 
and dressed as per standard procedure and data were recorded 
for each roaster. 

A Complete Randomized Design (CRD) was used in the 
study. Data were subjected to analysis of variance using 
Statistical Analysis System (SAS 1985) and General Linear 
Model procedure, Duncan's Multiple Range test (Montgom­
ery 1984) method was adopted to test significant difference 
between means. . 

RESULTS AND DISCUSSION 

LC x LC had significantly (P<0.05) the lowest body weight 
at 8 weeks of age (Table 2). Main cross roasters weighed 
lighter compared to its reciprocals probably due to BA heavier 
dam egg size (AI-Murrau 1978). However, at 20 weeks BA 
x BA roasters were significantly (P< 0.05) superior among 
genotypes (2.28 kg). Crossbreds were intetmediate and 
significantly (P< 0.05) heavier than local roasters. Probably 
the fairly high heritability of body weight (0.54-0.62) might 
have influenced this trait in crossbred roasters, similar to 
what was reported by Goodman (1973). Daily weight gain 
was significantly higher in BA x BA (22.92 g/day) compared 
to that in crossbreds. However; local roasters (18.75g/day) 
were significantly inferior. This was reflected in live body 
weight at 20 weeks of age. Feed:gain ratio did not differ 
significantly among genotypes (4.90 for BA x BA, 5.34 for 
LC x LC, 4.88 for BA x LC and 5.29 for LC x BA). 

Significant differences (P< 0.05) were observed for carcass 
traits among genotypes (Table 3) due to growth body weight 
differences among genotypes. Dressing percentage, neck and 
wing yields did not differ significantly among genotypes. 
Dressing percentages ranged from 70.34 to 71.62. No 
significant differences (P< 0.05) were observed for neck yield, 
drumstick and thigh yields between Black Australorp and 
main cross roasters when expressed as percentage of warm 
carcass yield. Lowest breast, drumstick and thigh yields were 
observed in local roasters. There was no significant difference 

Table 3. Means (kg) of carcass rart :yiclds expres~ed as porti\1I1s 
(%) of warm carcass weight and their standard.error,.; of roi1~tt:rs 

at 20 weeks orage . 

Parameter BA x BA LC x LC 8A:< LC Le,. BA 

Wcwt. (kg) l. 71±0.04" 1.41±0.05" 1. 57±O.04b l.53±OJW 
70.60±0.78 70.34±0.77 
0.27±0.0 I" O.25±O.()\'b 

17.15±OAI 16.38±0.42 
O.32±().OI' O.29±O.Olb 

20.45±0.39 18.83±0,49 
0.24±0.OI'" O.24±O.OI". 

Os% 
Owt (kg) 

% 
Thwt (kg) 

% 
Bwt (kg) 

% 
Nwt(kg) 

% 
Wwt{kg) 

% 
Rcwt (kg) 

% 

70.49::1:0.62 71.62:1:0.97 
0.27::1:0.02' 0.23±0.0 1 b 

15.99::1:0.73 16.10:1:0.39 
0.34±0.OI' 0.28±0.01" 

19.66±0.40 9.78±0.63 
0.26±0.Ol" 0.22±0.OJb 

15.37±0.31 15.46±0.65 
0.11::1:0.01 O.IO±O.OO 
6.54::1:0.35 6.75±0.18 
O.t9±:().OI (U8±O.Ol 

11.20±0.42b 12.56±OJI' 
0.53±0.03' 0,42±0.02' 

31.24±1.28 29.36±0.08 

15.17±0.35 J6.2\1±O.66 
O.IO±O.OO O.09±O.(I1 
6.55±O.08 6.07±O.32 
O.19±O.OI O.18±O.O(l 

12.19±O.27·h 11.79±O.23no 

O.47±0.0 I" O.45±0,O]b 
28.50±0.S7 30.63±O.24 

.-e Means and proportions of the same trait in a row followed by 
different superscripts are signiticantly (P<O.05). 

Wcwt, Wann carcass yield; D5%. dressing percentage: Thwt. 
thigh yields; Bwt, breast meat yield; Nwt. neck Yield; Wwt, wing 
yield; Rcwt,. r"maining carcass. 

for breast meat yield between BA x BA and LC '>( SA 
genotypes. Local roasters had the least breast meat yield 
(0.22 kg). SA x BA roasters were Significantly superiot for 
remaining carcass yi'eld while crossbreds were' intermediate 
butsuperiorto local roasters. Remaining carcass yields were 
0.53 kg, 0.42 kg, 0.47 kgand 0.45 kg for BA )( BA, LC x 

LC, BA >< LC and LC 'x BA roasters respectively. 
When carcass cut-up yields were expressed as proportion 

of warm carcass yield (Table 3), it was interesting to hote 
that despite lower wing yield in LC x LC roasters, wings 
constituted significantly the higher proportion of warm 
carcass yield among genotypes (12.56%) while BA x BA 
was the leaSt (11.20%). BA x LC and LC x BA (12.19% vs 
11.79%) were intermediate. 

ACKNOWLEDGMENTS 

We thank GTZ and the British Council (ODA - Malawi) 
for supporting tllis study financially and Depaltment of 
Veterinary Services for providing the Black Austra!orp parent 
chickens. 

REfERENCES 

AL-Murrani W K. 1978. Maternal effects on emtlryonic growth ill 
poultry. British Pourtry Science 19: 277. . 

Goodman B L. 1973. Heritabilities and correlations of body weigl1t 
and dressing percentage in brdilers. POU/f/JI Science 52: 379. 

Montgomery D C. 1984. Design and AnalYSIS oj £';';pel1imenfs. 2nd 
edn. John Wiley and Sons, New York. 

SAS, 1985. Statistical Analytical System. User's GlIlde, SAS 
Institute Inc, Cary, NC. USA. 

Upindi B O. 1989. Smallholder rural poultry production in Malawi 
(Unpublished paper). 



Indian Journal of Animal Sciences 68 (4) : 368-372, April 1998 

Estimation of combining ability in egg type chickens from a diallel cross 
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ABSTRACT 

Six single crosses and 6 reciprocal crosses were produced in the fashion of a modified diallel using 4 White Leghorn 
strains. Sires (20) from each strain were mated with 20 dams from each of the other 3 strains simultaneously. General 
combining ability was more important compared to other measures of genetic variability in the inheritance of all the 
traits considered except for egg weight. Specific combining ability appeared to be important only for body weight at 500 
days of age and yolk index. Signiticant maternal effects were evident for egg production to 280 and 500 days of age, egg 
weight, yolk index and shell thickness. Sex-linked effects were important for body weight at 280 days of age, egg 
production to 260 and 280 days of age and average egg weight. 

Key words: Combining ability, Diallel cross, Maternal effects, Sex-linked effects 

The d;iallel analysis has become a common method to 
evaluate the kind and magnitude of genetic variability 
influencing different economic traits. It helps to identify 
superior cross combinations, provides information regarding 
the relative importance of certain kinds of specific combining 
abilities and indicates whether extensive crossing is useful 
to exploit non-additive genetic variation. A dial1el analysis 
that allows the estimation of mate mal and sex-linked effects 
is needed in choosing sire Of' dam line in a cross, With the 
above objectives a dialle1 mating experiment was conducted 
with 4 strains of White Leghorn chickens. 

MATERIALS AND METHODS 

Six singl~ crosses and 6 reciprocal crosses (734 pullets) 
were produced as per a modified diallel (Griffing 1956) using 
4 White Leghorn strains such as A, B. C and D. These strains 
had been maintained with IDS method of index selection 
(Osborne 1957 a,b) for increasing egg production to 280 
days of age. Twenty sires from each strain were mated with 
20 dams from each of the other 3 strains simultaneously. 
The progeny were obtained in 2 hatches. A standard method 
of feeding and management was followed throughout the 
experiment. 

Diallel analysis on hatch corrected data was, performed 
utilizing 2 methods. These are Henderson's (1948) method 
as described by Harvey (1966) with the mathematical model 
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7 and Griffing's (1956) method 3 in which FIs and the 
reciprocal crosses constitute the experimental material. Fixed 
model was used for analysis of data in both the methods since 
the lines used constituted the entire set of lines on which 
inferences are to be drawn, 

RESULTS AND DISCUSSION 

The results from Henderson's analysis were compared with 
Griffing's analysis. 

Henderson's method 
Body weight (BW) 

General combining ability (GCA) for body weight at all 
the 3 ages of measurement. resulted in significant variation 
(Table I). Variation due to specific combining ability (SeA) 
and residual reciprocal effects (sex-linkage) was significant 
only for BW at 500 days of age and 280 days of age 
respectively. The GCA estimate of strain A was positive and 
highest for BW at all the ages of measurement (Table 2). 
The estimates of SCA for BW at 500 days of age was positive 
and highest for AB and CD. The sex-linked effect at 280 
days of age was positive in AC, CB, BA, DA, CD and BD in 
descending order, differing significantly from all other crosses 
except DB. GCA was found more important compared to 
other sources of variation at all the 3 ages of measurement. 
This was consistent with the findings of Hill and Nordskag 
(1958) and Verma (1980). Contrary to this Goto (\968) 
observed greater contribution from SCA than GCA for body 
weight at different ages. 

Age at sexual maturity 
Variation due to GCA only was significant for age at sexual 
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Table 1. Mean squares for combining ability from Henderson's method (H) and Griffing's method (0) 

Traits Sources 

General combining Maternal Specific combining Residual Reciprocal Error 
abilities abilities abi lities reciprocal effects 

effects 

--- (sex- linkage) 
----, 

H G H H G H G H G ----------------------------------------------------------------------------
EWOI 
140 days of age 

251867.77** 6588.21** 320.70 32341.76 550.54 3751.94 54.92 15913.85 261.20 
(3) (3) (3) (2) (2) (3 ) (6) (722) (722) 

280 days of age 4142343.26** 7952.48** 68499.71 10940.45 189.76 92835.07* 1338.43 31229.89 522.52 
(3) (3) (3) (2) (2) (3) (6) (708) (708) 

500 days of age 359284.53* 9693.90** 201369.54 326622.51>1< 8547.70* 126924.12 1338.43 31229.89 552.52 
(3) (3) (3) (2) (2) (3) (6) (520) (520) 

Age at sexual maturity 1142.58** 29.21** 32.40 15.30 0.25 241.23 2.32 164.71 2.760 
(3) (3) (3) (2) (2) (3) (6) (707) (707) 

Surviror's egg production to 
260 days of age 256.92 14.36** 333.56 190.84 3.21 907.14** 10.59** 175.25 2.94 

(3 ) (3) (3) (2) (2) (3 ) (6) (705) (705) 
280 days of age 226.51 13.36** 564.66* 308.51 5.49 722.47* 11.06>1<* 198.07 3,33 

(3) (3) (3) (2) (2) (3 ) (6) (705) (705) 
500 days of age 3918.93** 114.96** 19797.54** 428.31 24.65 1822.80 40.91 855.14 21.75 

(3) (3) (3) (2) (2) (3 ) (6) (520) (520) 
Average egg weight 22.35 0.33 124.82'1<* 14.66 0.26 103.22** 2.03** 14.38 0.25 

at 280 days of age (3) (3) (3) (2) (2) (3 ) (6) (666) (666) 
Albumin height 3.04 0.18* 2.65 2.02 0.07 3.28 0.07 2,14 0.05 

(3). (3) (3) (2) (2) (3) (6) (468) (468) 
Albumin index 24.65* 1.17** 5.80 11.07 0.41 9.59 0.19 6,84 0.17 

(3) (3 ) (3) (2) (2) (3) (6) (468) (468) 
YoJkindex 25.49** 0.27*'" 17.00** 7.53* 0.28** 5.13 0.28** V4 0.06 

(3) (3) (3) (2) (2) (3) (6) (468) (468) 
Shell thickness 411.95** 7.85** 121.97** 10.87 0.40 19.67 1.77** 13.88 0.35 

(3) (3) (3) (2) (2) (3) (6) (468) (4~8) 

Figures in the parentheses are the degrees of freedom; significant at * P<0005 ; ~'" P < 0.01. 

maturity (Table 1). The GCA estimate of strain 'D' was 
positive and highest which differs significantly from that of 
strains Band C (Table 2). Similar to the results obtained in 
this study Sinha (1977) reported higher contribution of 
GCA than SCA for age at sexual maturity while Wearden et 
al. (1965) reported lesser contri bution of GCA than SCA for 
this trait. 

Egg production 
For egg production up to 260, 280 and 500 days of age 

GCA was significant for 500 days of age, maternal ability 
was significant for 280 and 500 days of age, sex-linked effect 
was significant for 260 and 280 days 6f age and SeA was 
not significant for egg production irrespective of ages of 
measurement. GCA estimate for egg production up to 500 
days of age was positive and highest in strain B and differed 
significantly from A and C strain (Table 2). Maternal abilities 
were positive and highest in strain A than that in others. 
BD cross had positive and highest sex-linked effect for egg 

production up to 260 and 280 days of age which differ 
significantly from other crOl1ses (Table 2). Similarly Kim et 
al. (1975) observed higher contribution of GCA than SCA 
for egg production but Wearden et al. (1965) found that SCA 
was more important than GCA. Importance of maternal 
effects in inheritance of egg production as observed in this 
study is well documented (King and Henderson 1954, Tiwana 
and Dev 1972). Sex-linked effects in the inheritance of egg 
production was in agreement with the findings ofRengnathan 
(1976). 

Eggweighl 
Maternal abilities and sex-linked effects were significant 

whereas GCA and SCA were nonsignificant for average egg 
weight at 280 days of age (Table I). Least-square estirtH\tes 
of maternal ability was highest in A strain which differs 
significantly from other strains. The estimates of sex-linkl1,ge 
of AC, BA, BD and CD crosses have comparatively higher 
positive values which do npt differ significantly. That the 
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Table 2. Least-squares estimates (Henderson's method) for overall mean, GCA, maternal abilities, SCA and residual reciprocal effects 
(sex-linkage) of various traits 

Least Body weight (g) Age at Survivors egg production to Average Alubmen Albumen Yolk Shell 
-

sq uares 140d 280 d of 500 d of sexual 260d of 280 d of 500 d of egg height index index thickness 
of age age age maturity age age age weight at (mm) (angles) (angles) (mm) x 

280 days of 100 
age (g) 

Over-l095.41 1727.10 1898.68 175.868 58.836 72.881 167.885 55.568 7.449 18.915 41.045 29.636 
all mean (10.5%) (43.1%) 

General combining abilities 
A 48.18a 73.28a 77.54a 0.815ab 0.8ll 0.169 ·4.810b • 0.274 ·0.065 -0:341b 0.689a 1.856a 
B 17.17c - 17.69b - 39.71b -3.617c 1.275 1.575 8.228a 0.553 - 0.201 - 0.484b ·0.465b 1.519a 
C - 30.01 b - 44.85b - 39.39b - 0.407b - 0.409 - 0.247 - 4.067b - 0.308 - 0.081 0.445a - 0.088b - 1.423b 
D - 35.34b - 1O.74b - J.l56ab 3.209a - 1.677 - 1.497 0.649ab 0.029 0.185 - 0.380b - 0.136b - 1.952b 

Maternal abilities 
A 1.21 ~ 26.78 - 33.77 - 0.722 2.528 3.334a 21.664a 1.239a - 0.109 - 0.135 - 0.670b - 1.578c 
B 1.55 30.78 62.28 0.489 - 0.480 - 0.790b - 8.133b -1.318c - 0.067 - 0.008 0.383a - 0.353b 
C - 1.62 - 5.66 - 39.09 0.243 - 1.239 - 1.333b : 2.066b - 0.047b 0.271 0.379 0.151a 0.750ab 
D -1.14 1.66 10.58 - 0.010 - 0.809 - 1.211b -11.465b 0.126b - 0.095 - 0.236 0.136a 1.I81a 

Specific combining abilities 
AB 12.31 7.29 51.76a 0.114 0.012 "'0.303 -1.765 -0.124 6.150 0.030 -0.162b 0.136 
AC -10.22 -6.40 -37.05b -0.288 -0.902 -0.541 1.522 0.292 -0.094 -0.228 -0.027ab 0.109 
AD -2.59 -0.890 -14.71ab 0.174 0.890 1.344 0.243 ·0,168 -6.056 0.198 0.189a -0.245 
BC -2.59 -0.890 -14.71ab 0.174 0.890 1.344 0.243 -0.168 -6.056 0.198 0.189a -0.245 
BD -10.22 -6.40 -37.05b -0.288 -0.902 -0.541 1.522 0.292 -0.094 -0.226 -0.027ab 0.109 
CD 12.81 7.22 51.76a 0.114 0.012 -0.803 -1.765 -0.124 6.150 0.030 -0.162b 0.136 

Residual reciprocal effects (sex-linkage) 
AB -1.01 -20. 19bfg -4.38 -0.241 1.082bcde 0.961abe 4.701 -0.907jrn -0.230 -0.352 -0.289 0.500 
AC 7.80 33.50ac 43.00 0.Q37 1.490ae I.237abcd -0.805 0.920acd 0.037 -0.019 0.046 -0.358 
AD -6.79 -13.31 beef -38.62 0.204 -2.572egh -2.198degl -3.896 -0.013defje 0.193 0.371 0.243 0.142 
BA 1.01 20.19ad 4.38 0.241 -1.082deg -0.96Iefg -4.701 0.907bce 0.230 0.352 0.289 -0.500 
BC -0.86 -2 1.53 beg -18.23 1.324 -1.927cgh -I.775cfg -0.124 0.175ghk -0.111 -0.051 -0.123 0.548 
BD -0.15 l.34aeg 13.85 -1.565 3.009a 2.736a 4.825 0.732abg -0.119 -0.301 -0.166 -0.048 
CA -7.08 -33.50ef -43.00 -0.037 -1.490efgh -1.237bgh 0.805 -0.920im -0.037 0.019 -0.046 0.353 
CB 0.86 21.53ab 19.23 -1.324 1.927ac 1.775abc 0.124 0.175fh 0.111 0.051 0.123 -0.548 
CD 6.94 I 1. 97af 24.77 1.361 -0.437cdeh -0.538ag -0.929 0.745abf -0.074 -0.070 -0.077 0.190 
DA 6.79 13.3Iae 38.62 -0.204 2.572ab 2.198ab 3.896 0.013ehii -0.193 -0.371 -0.243 0.144 
DB 0.15 - l,34aeg -13.85 1.565 -3.009h -2.736fut -4.825 -0.732hrn 0.119 0.301 0.166 0.048 
DC -6.94 -11.97cdd -24.77 -1.361 0.437bede 0.538hfg 0.929 -0.745ikm 0.074 0.070 0.077 -0.190 

Values with atleast one common superscript for an effect within a trait do not differ significantly (P<0.05).Overall mean in angles 
(arcsin) were reconverted to percentage and are shown in parentheses. 

sex-linked effects are important in the inheritance of egg Maternal effect was significant for yolk index and shell 

weight was reported by Poggenpoel and Erasmus (1978). thickness. GCA estimates were positive and highest in' A 

Evidence in support of maternal effects influencing egg strain for yo lk index and shell thickness whereas for albumen 

weight was provided by King and Henderson (1954) and index it was C strain (Table 2). For yolk index AD and BC 

Clayton and Robertson (1966). However, lesser contribution crosses had positive SCA estimates whereas negative for other 

of GCA and SCA to egg weight as observed in this study crosses. As regards to maternal effect strain B, C and D had 

was contrary to the reports of Goto and Nordskog (1959). positive estimates for yolk index, whereas for shell 
thickness C and D strain had positive estimates. Since 

Egg quality traits egg quality traits are modera~e to highly heritable in 
From Henderson's analysis it was revealed that GCA was chickens, significant GCA effects as observed in this 

signif!cant for albumen index, yolk index and shell thickness; study for these traits a,re not unexpected. Verma (1980) 
whereas SCA was significant only for yolk index (Table 1). obtained significant GCA, SeA and reciprocal' effects 
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Table 3. Estimation of general combining ability (gi) effects 
from Griffing's method for various traits 

Traits Parents SE (gl) SE 
(gi-gj) 

A B C D i=j 

Body weight at 
140-day-old 48.78a** 17.94b* -30.82 -3S.91 6.99 11.43 
280-day-old S9.98** -2.30 -47.68 -9.91 9.90 16.16 
SOO-day-old 60.66** -3.S8 -58.91 6.82 21.38 34.92 
Age at sexual 0.45 -3.37 -0.2.8 3.20** 0.72 1.17 
maturity (d) 

Sun1ivor's egg production torn) 
260-day-old 2.07* 1.03 -1.03 -2.08 0.74 1.21 
280-day-old 1.84* 1.18 -0.91 -2.10 0.79 1.29 
500-day-old 5.59** 3.55 -4.04 -5.10 2.02 3.30\ 

Average egg weight at 
280-day-old 0,34 -0.10 -0.33 0.09 0.22 0.36 
Albumin height-0.12 -0.23 0.22* 0.14 0.10 0.16 
Albumin index-0.41 -0.49 0.63** 0.26 0.18 0.29 
Yolk index 0.35** -0.27 -0.0\ -0.07 0.10 0.17 
Shell thickness 1.07a** 1.34a** -1.05 -1.36 0.25 0.42 

Significant at * P<O.OS;*'" P<O.O I. 
Values with the same superscript do not differ significantly 

(P<O.OS) in comparison of parents for a particular trait. 

for albumen height and albumen index. 

Griffing's method and its comparison with Henderson's 
method 

The GCA from Griffing's analysis (Table 1) were 
significant for all the traits except egg weight. These results 
were similar with those reported earlier from Henderson's 
method except foJ' egg production up to 260 and 280 days of 
age and albumen height. While GCA effect was significant 

for these traits with Griffing's method it was nonsignificant 
from Henderson's method. Because GCA estimates from 
Griffing's analysis is not totally free from the maternal effects. 
SCA from Griffing's method was in complete agreement with 
that of Henderson's analysis. Both the methods suggested 
that SCA effects were relative ly less important compared to 
G~. . 

Deviation in 2 methods of analysis was observed only for 
egg production up to 500 days of age which was significantly 
influenced by maternal effects. In all other instances there 
was complete agreement with respect to reciprocal effects 
(Griffing's method) which is either due to maternal and or 
sex-linked effects (Henderson's method). 

High GCA compared to SCA for most of the characters 
considered in this study indicated that the performance of 
single crosses can satisfactorily be predicted from the 
performance of the pure strains. Difference if any, in 
performance of single crosses than expected on the basis of 
GCA would be due to presence of maternal andlor sex-linked 
effects. 

REFERENCES 

Clayton G A and Robertson A. 1966. Genetics of changes. in 
economi.c traits during the laying year. B"itish Poultry Science 
7: 143-51. 

Goto E. 1968. Genetic parameter estimates and combinin~ ability 
analysis in ~eat type chicken populations. Animal Breedi(1g 
Abstract 36: 4079. I 

Goto Eand Novdskoy A W. 19S9. HeWosis in pOliltry.4. Estin:tation 
of combining ability variance from dialleJ crosses of inbred lines 
in the fowl. POi,litry Science 38 : 1381- sS. 

Griffing,B. 1956. Concept of general and specific combining ability 
in relation to diall~l crossing systems. Australian JQurnal of 
Biological Science 9 : 463-93. 

Harvey· W R, 1966. Leal>;t~$quares Analysis of Data with ,unequal 
Subclass Numbers. United .States Department of Agriculture, 
USA. 

Table 4. Estimate of specific combining ability (sij) effects (Griffing's method) for various traits 
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BWat 140-day-old 12.80 
280-day-old 7.28 
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Age of sexual maturity (d) 0.11 
Survivor's egg production to (n) 
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0.04 
-0.24 
0.20 

Significant at * P<O.OS; ** P<O.OI. 
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0.17 0.17 

0.88 0.88 
1.34 1.34 
O.US 0.08 

-0,16 ·0.16 
0.13 0.13 
0.29 0.29 
0.28** 0.28*'" 
-0.36 -0.36 

SE (Sij) i=;i 

BD CD 
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Table 5. Estimate of reciprocal (rO) effects (Griffing's method) for various traits 

Parental combination 

Traits AB AC AD 
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Average egg weight at 
280-day-old -2.18** 0.27 -0.57 

Albumen height (0101) -0.20 0.22 0.20 
Albumen index (angles) -0.28 0.23 0.32 
Yolk index (angles) 0.28 0.36* 0.69** 
Shell thickness (mm) x 100 1.11** 0.80 1.23** 

Significant at '" P<O.05 *'" P<O.OI. 

Hendorson C R. 1948. 'Estimation of general, specific and maternal 
combining abilities in crosses among inbred lines of swine.' Ph.D. 
thesis, Cornell University, USA. (fide Harvey 1966.) 

HiIlJF and Novdskoy A W. 1958. Heterosis in pOUltry. 3. Predicting 
combining ability of performance in the crossbred fowl. Poultry 
Science 37: 1159-69. 

Kim S C, Chung S B, Thak T Y and SuI D S. 1975. A study on 
'estimates of genetic combining ability of economic traits in single 
crosses of single comb White Leghorns. Research Reports of 
the Office of Rural Development. Suwon. Korla. Livestook 17 
(8) : 45-62. (fide Animal Breeding Abstract 45 : 6278.) 

King S C and Henderson C R. 1954. Variance component analysis 
in heritability studies. PouillY Science 33 : 147-54. 

Osborne R. 1957a. The use of sire and darn family averages in 
increasing the efficiency of selective breeding under a hierachical 
mating system. Heredity 11 : 93-116. 

Osborne R. 1957b. Family selection in poultry: The use of sire 
and dam family averages in choosing male parents. Proceeding 
of Royal Society. Edinburgh B 66 : 374-93. 

BC BD CD S.E. (rU) i=:i 

-2.44 -1.49 7.18 11.42 
-39.74* 13.22 15.62 16.16 
-68.26 -12.33 49.88 34.92 

1.22 -1.81 1.20 1.17 

-2.30 2.84* -0.22 1.21 
-2.04 2.52 ~0.47 1.29 
2.90 3.15 -3.62 3.29 

0.46 -0.01 0.83* 0.35 
0.05 -0.13 -0.25 0.16 
0.14 -0.41 -0.37 0.29\ 

-0.19 -0.28 -0.13 0.17 
1.10** 0.71 0.40 0.41 

Poggenpoel G D and Erasmus J E. 1978. Long-term selection 
for increased egg production. British Poultry Science 19 : 
111-23. 

Renganathan P. 1976. 'Studies on the genetic architecture of 
2 While Leghorn strains for economic traits.' M. V.Sc. 
thesis submitted to Agra University, Agra. 

Sinha R.1977. 'Genetic and phenotypic analysis of a closed 
flock of White Leghorn strain of chicken.' Ph.D. thesis 
submitted to B.C.K.V., Nadia. 

Tiwana M Sand Dev D S. 1972. Relative efficiency of 
different basis of selection for egg production. Indian 
Journal of Poultry Science 7 (3) : 28-34. 

Verma S K. 1980. 'Studies on additive and nonadditive genetic 
effects for some economic traits and construction of 
selection index in poultry.' Ph.D. Thesis submitted to 
Rohilkhanda University, Barellly. 

Wearden S, Tindell D and Craig J V.1965. Use of full diallel 
cross to estimate general and specific combining ability 
in chickens. Poultry Science 44 :' 1043-53. 



Indian Journal of Animal Sciences 68 (4) : 373·375, April 1998 

Nutritional studies on Mongolian sheep for meat-production in the 
Kingdom of Saudi Arabia 

A E TAG-EL-DlW 

King Saud University, POBox 2460, Riyadh, Saudi Arabia 

Received: 21 April 1997; Accented: 28 October 1997 

ABSTRACT 

Mongolian lambs (26), 30 kg live body weight and 4-6-month-old, were distributed into 2 groups, at random, to study 
the effect of group versus individual feeding on feedlot performance at 2 periods (0-28 day and 29-63 day). Animals were 
fed ad lib. on complete diet for 63 days and water was offered freely. The nutritive values of the diet were 75.6% TDN, 
13.8% DCP and 2.7 ME (Mcal/kg DM). Average daily gain (ADG) was higher (P<O.OS) by 35.9, 10.1 and 24.8% 'for 
animals fed in group than those fed individual for periods 1,2 and the pooled respectively. ADG of period 2 was lower 
than that of period 1 (P<0.05) by 50 and 60.5% for lambs fed in group and individual, respectively. Feed conversion ratio 
(FCR) was lower (P<0.05) for lambs fed in group than those fed individual by 2 L 7% for period 1, 3.4% for period 2 and 
14.9% for pooled period. FeR of period i was iower(P<0.05) than that of period 2 by 51.4% and 40.1% for animal fed 
in group or individual respectively. 

Key words: Feeding system, Mongolian sheep, Meat production, Nutritional requirement of sheep 

The Kingdom of Saudi Arabia depends on foreign sources 
to meet the current local demand for meat. Large num bers of 
Mongolian sheep were imported from China for immediate 
slaughtering andlor fattening. These animals are adapted to 
temperate environment, strategies for fattening these lambs 
in the Kingdom of Saudi Arabia (semiarid climate) require 
knowledge of the extent of the lambs adaptation to the hot 
environment and the economical weight for slaughtering. 
Walks et al. (1990) and Purwanto et ar. (1993) reported that 
hot environments increased the energy requirement for 
maintenance, which implies that availability of metabolizable 
energy for production would decrease. This experiment was 
conducted to study the effect of feeding growing Mongolian 
lambs in group or individual on the feedlot performance and 
feed utilization efficiency. 

MA TERIALS AND METHODS 

Imported Mongolian lambs (26) weighing 30 kg and 4-6 
months of age were used to study the effect of ad lib. feeding 
in group vs individual system on their performance traits. 
Lambs were vaccinated, dewoflhed and vitamin A-D-E 
injections were given. Initially they were maintained as in 
one group and gradually conditioned to ad lib. experimental 
diet for 15 days. The experimental complete diet (mash) 
composed of barley 68.6%, extracted soybean-meal 6.9%, 

Present address: I Animal Production Department, College of 
Agriculture. King Saud University. 

wheat straw 9.9%, alfalfa hay 9.9%, urea 1 %, salt and minera.I 
premix 1 %, limestone 1.2% and sodium bicarbonate ] .5%; 
which was considered the least cost diet under the prevailing 
prices in Saudi Arabia. Thereafter, lambs were distrlbUted 
into 2 equal groUps: the first group was housed iii a 25 rn2 

pen and fed at ad lib. in group.J'he second groupwashoused 
in individual pens, each of 1.5 rn2 and fed individual.under 
adlib. regimen. Water was ()fferedfreely (or 24 hr daily. 
Residue was collected weekly, weighed and recorded to 
estimate the feed consumed. Lambs were weighed in weekly 
intervals after 12 - 14 hr fasting for 63 days. 

Digestibility coefficients and the nutritive value of the 
experimental diet were estimated using 4 adult Mongolian 
rams. Animals were kept in 4 metabolic cages to colleCt faeces 
and urine.in separate. The digestibility trials were conducted 
accorc;ling to the offici~l method. . 

Chemical composition offeed, faeces and urinary nitrogen 
were analyzed (AOAC 1984). The digestible energy (DE) 
value was calculated by multiplying the TDN times 4400 
Kcai. The metabolizable energy (ME) value was then 
calculated from DE by the factor 0.82 (NRC 1985). Data for 
all dependent variables were subjected to analysis by OeM 
procedures (SAS 1986). 

RESULTS AND DISCUSSION 

The experimental diet contained 17.4% CP, 13.6% CF, 
2.1% EE, 58.9% NFE and 7.9% ash and the digestibility 
coefficients were ~7.9, 19.2,62.4,84.5 and 83 .. 6 % for DIv(, 
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Table 1 . The effects offceding system on live body weight 
average daily gain, feed intake, crude protein intake and energy 

intake of Mongolian lambs 

Trait System of reeding SEM 
Group Individual 

Animal weight (kg): 
Initial 29.21c 30.92c 3.04 
period 1 36.S6b 36.54b 3.18 
period 2 41.54a 40.790. 3.55 

Average daily gain (gd· l) 

period I 273.00aA 200.S9bB 69.0S 
period 2 133.67c 111.43c 40.22 
(looled 195.58bA 156.74b8 38.32 

Dry matter intake (kgct') 
period I 1.31 1.23 0.12 
period 2 I.3ZA 1.24B 0.09 
pooled 1.32A 1.24B 0.10 

Dry matter intake (glkg"-i) 
period I 95.77aA 87.79o.B 7.57 
period 2 84.50b 80.21b 6.45 
pooled 91.17aA 84.33aB 6.70 

Crude protein intake (glkl! OS) 
pcriod [ 16.66aA . 15.2So.B 1.31 
period 2 14.70b 13.96b 1.12 
pooled 15.S6aA. 14.67aB 1.17 

ME intake (Kca//kg l
-") 

period 1 261.44aA. 239.67o.B 3.06 
period 2 230.67b 21S.97b 17.61 
pooled 24S.90aA. 230.23o.B 18.28 

SEM, Stander error of mean. 
a,b,c Means in the same column within each trait bearing diflerent 

superscripts are diffcr (P<O.05). 
A, B Means in the same row within each trait bearing different 

superscripts are differ (P<O.05) 

CP, CF, EE and NFE respectively. The TDN, OCP and ME 
were 75.6%, 13.8% and 2.7 (Meal/kg DM) respectively. 
Nitrogen balance of rams fed the experimental diet was 5.2 
g N/head/day. It was 21.1 % of nitrogen intake and 26.7% of 
digested nitrogen. 

Live body weight of Mongolian lambs fed in groups were 
slightly higher than those fed in individual, however, the 
differences were not sign ificant (Table 1). Animals fed in 
groups had higher average daily gain (ADG) with 35.9, 10. I 
and 24.8% than those fed in individual for 0-28 day (periOd 
1), 29-63 day (period 2) or overall period (pooled) respec­
tively. The differences were significant for period 1 or pooled 
and nonsignificant at period 2. Also, the results indicated 
that the ADO was signrficantly lower by SO.O and 60.S% in 
period 2 than in period I for lambs fed in groups or those fed 
individual, respectively, Kraidees et al. (1966) reported that 
increasing the level of feeds from 24 to 30 or 36 g DM/kg 
body weight significantly (P<O.01) increased ADO by 128.8 
and 345.8% respectively. In low (24 g DM/kg) and medium 

Table 2. The effects offeeding system on feed conversion ratio of 
dry matter, crude protein and metabolisable energy of Mangolian 

Lambs 

Trait 

FeR (kg DM/kg gain): 
period I 
period 2 
pooled 

CPR (kg CPlkg gain): 
period 1 
pcriod 2 
pooled 

MER (Meaf/kg gain): 
period I 
period 2 
pooled 

-------~-

. __ --- ---~~-

System of Feeding 

Group Individual 

4.79aA 
9.S6c 
6.74bA 

0.84aA 
l.72c 
1.17bA 

13.06aA 
26.93c 
18.40bA 

6.12aB 
IO.2Ie 
7.92bB 

1.06aB 
1.74c 
1.38bB 

16.710.8 
27.86c 
21.63bB 

SEM 

1.73 
5.13 
1.69 

0.30 
0.89 
0.29 

4.73 
\3.99 
4.61 

.---- ---.. ~"-.-- .. -.----~-

SEM, Standard error of mean: FeR. feed conversion ratio; CPR, 
crude protein ratio: MER, metabolizable energy ratio 

o.,b,c Means in the same column within each trait bearing 
diftere11l superscripts are different (P<0.05). 

A,B Means in the same row within each trait bearing different 
superscripts arc di nerent (P<0.05). 

(30 g DM/kg) feeding levels, ADG were nonsignificantly 
slower by 1O.6 and 9.4% in period ((0-4 week) than that in 
period 2 (5-8 week), respectively, however, lal1lbs on high 
feeding level (36 g/kg) had 67.5% higher (P<O.O I) ADO in 
period I compared to period 2. 

The results of dry-matter intake (kg/day) indicated that 
animals fed in group consumed significantly higher (P<O.05) 
than those fed individual by about 6.S%. There were no 
significant differences between the 2 periods. However, dry­
matter intake calculated as g/kgO 7; Was significantly (P<O.05) 
higher for sheep fed in group than those fed individual by 
9.0-S.4 and 8.1 % for periods 1,2 and pooled respectively. 
An imals consumed lower dry-matter (g/kgO 7;) in period 2 by 
6.6 and 8.6% than in period I for animals fed in group or 
individual, respectively. Also, the same trend was observed 
when CP and ME were calculated. They were higher for the 
first group and in the first period than the second group and 
in the second period, respectively. The differences were 
significant (P<0.05) between the kind offeeding in the periods 
I or pooled and between both periods 1 and 2. 

These results can be explained with the observations of 
Mongolian lambs (Chinese breed) penned, individual, they 
were hyper-irritability and, always, moved and jumped in 
the pen. These reasons may have decreased the feed utilization 
and the growth rate compared to animals housed in groups. 
These sheep are natural grazer animals and adapted to 
temperature cllmate, when imported to Saudi Arabia., felt 
various stresses assembly, transportation and hot climate (30. 
32°C, Kraidees et al. 1996). At the beginning of the 
experiment (February 1995) temperature was cold and it 
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increased by the end of March to become hot during April in 
Saudi Arabia. Hot climate increased the rate of digesta­
outflow from the rumen and decreased the feed utillzation. 
These may be the reasons of decreased in feed conversion 
ratio during the second period of the experiment. . 

Feed conversion ratio in terms of (kg DM/kg gain) or (kg 
CP/kg gain) or ME (M cal/kg gain) were lower (Table 2) for 
lambs' fed in group than those fed individual by 21.7-21.8% 
for period I, 1.2 - 3.3% for period 2 and 14.9· 15.2% for 
pooled. The differences were significant (P<O.05) for period 
I and pooled among'the kind offeeding system. These results 
indicated that Mongolian lambs fed in group utilized feed 
more efficient compared to those fed individual. The corre­
sponding results of the efficiency of feed utilization during 
different periods for bath feeding; systems indicated that 
period ! was lower than those of period 2 by 51.2 - 51.5% 
and 39.1 - 40.1% for Mongolian lambs fed in group and 
individual respectively. The differences were significant 
(P<O.OS). These results explained that imported Mongolian 
lambs can be fattened in Saudi Arabia until they reached 
about 36-37 kg live body weight. Wabster (1985) reported 
that ME.mfkg07~f day in fatter sheep was \6% lower than in 
thinner oneS and that attributed to differing proportions of 
relatively active protein tissue and relatively inactive fat 
tissue. He concluded that energy required for fat tissue 
deposition was greater than that of lean deposition. PUfwanto 
et ell .. (1993) suggested that under heat stress and abnormal 
activities a proportion of the energy required formaintenance 
may be increased, which implies that availability of ME for 
production growth would decrease. Granham (1982) reported 
that MEm for sheep was 72·190 Kcallkg07

\ while, Thomson 
et al. (1979) and Kraidees. el al. (1995) reported that MEm 
for Suffolk crossbred and local Najdi sheep were 95·96 Kcall 
kg0 7.1• However, Kraidees et al. (1996) reported that the 
average value of l45 Kenl MEm/kgO 71 for Chinese Mongolian 

sheep which is 51% higher than those reported value for 
native Najdi sheep. 

The present study concluded that imported Chinese 
Mongolian lambs can be economically fed until they reached 
36-37 kg live body weight in group feeding, and used for 
meat production in the Kingdom of Saudi Arabia. 
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Quality of refrigerated oil-coated quail eggs during subsequent ambient storage 
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ABSTRACT 

Changes in the internal and sensory quality of quail eggs coated by ,praying or dipping in groundnut oil mixed with 
200 ppm butylated hydroxytoulene were evaluated under ambient (24::l:2°C ; 57-58% RH) storage, following 30 days or 
refrigeration (5± I °C; 80-85% RH). The cumulative loss in the weight oj' oiled eggs was 2.5 to 2.6% only as against 8.3% 
in unoiled eggs after 15 days of ambient storage. Both the oiling treatments appeared almost equally effective in retarding 
the decline in internal and sensory quality of eggs. However, no significant increase in thiobarbituric acid value was found 
during storage regardless of treatments. Unoiled and oiled eggs held under refrigeration for a month should be marketed 
within 5 and 15 days, respectively, under ambient condition. 

Key words: Ambient storage, Eggs of quail, Oil-coated quail eggs, Storage quality 

, 
i ,I 

Oiling shell eggs and I or cold storage are of commercial 
importance foJ' maintaining their interior quality during stor­
age. Considerable work has been done in this direction on 
hen eggs (Panda et al. 1970, Moorjani and Panda 1977, Reddy 
and Reddy 1992) but such study in quail eggs is tather very 
scanty (Tanabe et al. 1972). Moreover, no information is avail­
able about the qualitative changes occurring in quail eggs 
after shifting them from cold room to ambient temperature to 
simulate marketing conditions_ Hence, the present study was 
undertaken to evaluate the effect of coating quail eggs with 
vegetable (groundnu1:) oil on weight loss, lipid, oxidation, 
internal and sensory quality of eggs during refrigeration and 
subsequent ambient storage. 

MATERIALS AND METHODS 

Two-hundred fifty fresh Japanese quail (Coturnix coturnix 
japonica) eggs, free from visible dirt and cracks, were ob­
tained from the experimental farm of this institute. Ten eggs 
were drawn at random for estimating initial egg quality and 
the remaining eggs were divided equally into 3 groups. One 
group of eggs was sprayed with groundnut oil mixed with 
200 ppm butylated hydroXytoulene as an antioxidant, another 
group was dipped in this egg coating medium and the third 
group of un oiled eggs served as control. The eggs were then 
stored in a refrigerator (5± I DC; 80-85% RH) for 30 days after 
which they were taken out and held at ambient temperature 
(24±2DC ; 57-68% RH) to study subsequent changes in their 
quality at 5 days intervals. 

Present address: ISenio( Scientist, 2Head , Division of Post­
harvest Technology. 

Loss in weight was calculated by the difference between 
initial and stored egg weights. The air-cell diameter, albumen 
and yolk indices, per cent thick white and albumen pH were 
measured as per standard procedures. The formula derived 
by Kondaiah et al. (1983) was used for the determination of 
interior quality unit (IQU), while the distilation method of 
Tarladgis et al. (1960) was followed for the estimation of 
thiabarbituric acid (TBA) value in egg yolk. Ten eggs from 
each treatment at each storage intervals were withdrawn for 
weight loss and internal quality determination, whereas albu­
rrien pH and TBA values were estimated in triplicates. Sen: 
sory attributes, viz. appearance, texture, flavour and overall 
acceptability of hard-boiled eggs were evaluated by 5 taste 
panelists on a 7 - point Hedonic scale. The data were analyzed 
statistically (Snedecor and Cochran 1967). 

RESULTS AND DISCUSSION 

Table 1 shows per cent weight loss and changes in the 
internal quality of oil-coated eggs during refrigeration and 
subsequent storage at room temperature. 

As expected, the weight loss and air-cell diameter increased 
significantly (P<O.OI) with storage time regardless of treat­
ments. However, the increase was significantly less in oiled 
than in unoiled eggs. The magnitude of cumulative loss in 
the weight of untreated eggs reached to 8.3% as against 2.5' 
to 2.6% losses in oil-coated eggs during one month of ref rig­
eration followed by 15 days of ambient storage. Thus, there 
was a net reduction of loss by over 5.5% in egg weight by 
oiling treatments. Although oil dipping offered relatively bet­
ter protection against moisture loss due to complete coating 
of egg shell than oil spraying, the differences in weight loss 
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Table I. Weight loss and internal quality ofoil-coated quail eggs during refrigeration and subsequent ambient stOrage 
-----------------------------------~--- - --.. "--------- -----
Treatment5 ___ !J~~__t!f 5tor~ge _______ . __ 

Refrigeration (S± 1 DC) 

30 
______________ .'\~~b~~_(~4~~"q . ____ .. __ . _____ ._. 

j 10 15 
----~- ---------~--.--,----- --,,-_.,-,---- _--_ , -_----- ---- --_. __ 
Weight loss ('1/0) 
Untreated 4.26±0.22·11 5.12±0.25'A 6.29±(),32I>A 8.32±0.4 I ,A 
Sprayed 1.34±0.19·8 I.62±0.26'(>8 1.98±0.33'bB 2.63±0.4SI>8 
Dipped 1.03±0.09'B 1.32±0. I J,B 1.64±0.18'b8 2.50±0.43 b8 

Air-cell diameter (el1l) 
Untreated 1.44±0.03'A 1.58±0.07"hA 1.63±0.OSbA- 1.74±0.03bA 
Sprayed 1.13±0.04·B 1.21±0.03,(>8 1.25±0.07·b8 1.32±0.06b8 

Dipped 1.06±0.04,8 1. 18±0.07,,(>8 ·1.20±0,03·b~ 1.25±0.02b8 

Albumen index 
Untreated 0,088±0.008"A O.083±0.004·bA 0.067±Q,008bcA 0.055:1;O,003oA 

S\lrayed 0.096±0.005·A G .G92±(\ .ao 5,bA a.at!, HQ .GO()"bA G.G7%±O.OGf,bB 
Dipped 0.102±0.005,A 0.098±0.004,bA 0.084±0.004I>A 0.082±0.003I>B 

Interior quality unit (IQU) 
Untreated 44.8S±2.11·A 37.80±2.64'A 29.95±2.WA 24.49± 1.69bA 
Sprayed 47.38:1;1.44'A 43.6S±I.70'A 40.57:1;2.03,hB 35.07± 1.931>8 
Dipped 49.26:1; 1.61,A 43.76±2.16'bA 39 .26± 1.68b<8 35.46:1; 1.73<8 

Thiek white (%) 
Untreated 33.04±1.420" 28.05± 1.82'" 20.81±1.71 b", 14.35:1; 1.17<1\ 
Sprayed 39.91:1; 1.75oB 36.20± 1 ,91,bB 31,62±1.92bB 24.98±2.0 leB 
Dipped 41.06:1;1.94oB 35.02± 1.3 sabB 33,24:1;2.03b8 26.3 9:1; 1.32·B 

Yolk index 
Untreated 0.402:1;O.008oA 0.363±0,OO6bA O.270±0,0 11 oA 0.223:1;O.015dA 

Sprayed 0.438±0.01saAB 0.417±0.008"a 0.374±0,0I2·B 0,3~6±0.008bB 
Dipped 0.4S2:1;O.009"a 0.404±0.014bB 0.386:'1:0:01IB8 0,346±0.007oB 

Initial air-cell diameter, albumen index, IQU, thick white and yolk index of eggs were 0.84 cm, 0.1 IS, 60.S2, 48,76% and 0.459 respec­
tively. 

and air-cell diameter of eggs between these 2 treatments were 
nonsignificant. 

Oiling treatments also appeared highly effective in retard­
ing the deteriorative changes in albumen quality as reflected 
by consistently higher albumen index, interior quality unit 
(IQU) and per cent thick white in oiled then in unoiled eggs 
throughout the storage. The fall in all these measures of al­
bumen quality of untreated eggs on fifth day was close to the 
values recorded on 15th of amb ient storage ill oil-coated eggs. 
These results substantiate the findings reported for chicken 
(Schwall et aI, 1961, Panda et al. 1970) and quail (Tanabe et 
ai, 1972) eggs and underline the beneficial effect of oiling 
eggs to minimize the escape of carbon dioxide for maintain­
ing the gel structure of albumen. The pattern of changes 
observed in yolk index between treatments was more or less 
similar to that of albumen index. 

Changes in albumen pH, yolk lipid oxidation and sensory 
quality of oil-coated eggs during storage are presented in 
Table 2. 

The pH of albumen of uncoated eggs increased rapidly 
from an initial value of8.7 to 9.4 within 5 days of subsequent 

storage atroom temperature and. remained almost unchanged 
thereafter. On the contrary, both egg coating treatments ap­
peared equally effective in restricting the escape of carbon 
dioxide and thereby slowing down the rate of increase in 
albumen pH. This slow shifUn pH towards alkalinity was a 
reflection of better albumen quality of oiled eggs (Table 1). 

Yolk lipids oxidation, as measured by thiobarbituric acid 
(TBA) assay, did not differ significantly between treatments. 
No appreciable increase in TBA value was also found dllring 
refrigeration or subsequent ambient storage. This indicated 
that despite high level (66%) ofunsaturated fatty acids (Bitman 
and Wood 1980), yolk lipids are Inherently resistant to 
oxidative deterioration, The albumen surrounding the yolk 
might act as a partial barrier against the diffusion of atmos­
pheric oxygen. Moreover, phospholipids and protein in egg 
yolk are interwoven in the exterior surface layer oflow den­
sity lipoprotein which can partly exclude oxygen from the 
inner lipid core of the particle (Burley and Vadehra 1989). 
Besides, the presence of tocopherol as free·radical t~rm in1l­
tor and phosvitin as iron-chelator in egg yolk might be re· 
sponsible for its less susceptibility to oxidative degradation 
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Table 2. Chang~s in pH, lipid oxidation and sensory quality of 
oil-coated quail eggs during refrigeration and subsequent ambient 

storage 

Treatments Days of storage 

Refrigeration (5± 1°C) Ambient (24±2°C) 
-30---5~----10 IS 

._---- ----------
Albumen pH 
Untreated 
Sprayed 
Dipped 

9.05±O.04·A 9.38±O.03 bA 9.32±0.05 hA 9.36±O.03 hA 

8.79±0.05·B 8.88±().04'B 9.02±0.02hD 9.13±0.03oB 

8.82:l.:().03'B 8.92±0.06b6 8.98±0.07bU 9.08±0.0506 

TBA vallie (l1Jg malrmaldehyde Ikg) 
Untn:ated 0.36±0.03 0.41±0.05 
Sprayed 0.31±0.04 O.28±0.04 
Dipped O.29±(l.03 O.32±O.Q2 

Overall acceptability score * 

0.39±0.03 
0.35±0.06 
0.28±0.02 

Untreated 6.2±0.37·'A 5.0±0.3IbA 3.6±O.24oA 
Sprayed 6.0±O.31·A 5.6±OAO'''Al1 5.0±O.3IboB 
Dipped 6.2±0.20"A 6.0±0.24,(l8 5.2±0.37b06 

0.43±0.03 
0.34±0.04 
0.39±0.01 

1.8±0.37dA 

4.6±0.24cB 
4.8±0.51°S 

*7 = like cxtrcmly ; I == dislike extremely. Initial albumin pH, 
TBA value and overall acceptability scores of eggs were 8.68. 0.27 
mglkg [lrld 6.8, respectively. Means bearing similar small letter 
row-wise and capital letter column-wise or no superscripts do not 
differ significantly (P<O.Ol) 

(Cotterill etc/I. 1977, Pike and Peng 1985). 
For the sake of brevity, only data pertaining to overall 

acceptability scores (OAS) of sensory traits are presented in 
Table 2. The mean ~AS evinced a progressive decline with 
storage time. However, oil-coated eggs received consistently 
higher scores than unoiled eggs at all storage intervals. The 
latter developed slightly rubbery texture, possibly due to high 
moisture loss CTable I), marked alteration in flavour and be­
came organoleptically unacceptable beyond 5 days of hold­
ing at room temperature. On the contrary, eggs treated by 
either the oil spray or dip method remained fairly acceptable 
up to 15 days of storage. 

These results suggest that quail eggs held under refrig­
eration (5±I OC) for a month should be marketed within 5 days 

of removal from it. The marketing period of eggs could be 
extended up to 15 days at room temperature (24::1: 1 "C) by spray 
coating them with easily available groundnut oil mixed with 
200 ppm BHT prior to refrigeration or cold storage. 
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ABSTRACT 

The composition of mastitic cows milk had a highly significant decrease in total solids, caseins. lactose, casein number 
and fat%, while ash chloride, total proteins and Koslter's value increased. The difference between maximum. minimum 
mean and standard deviation of milk constituents between healthy and mastitic cows were determined. The types of 
bacteria isolated had significant elfects only on lactose and acidity. 

Key words: Cattle, Mastitic milk, Milk composition 

The onset of udder infection (mastitis), influence the com­
position of milk by varying the concentration ofit's constitu­
ents (Mernyi and Wagner 1986, Vianni and Nader 1991). 

The most marked changes, according to Ashworth et al. 
(1967) are in protein, fat, lactose and chloride. Ishikawa et al. 
(1982) found subclinical mastitis to be associated with an 
increase of the major whey proteins (lactoglobulins and IX­

lactalbumin). Similarly, O'leary and Leavit (J 982) reported a 
decrease in casein. 

The ash levels were also affected, indicating a change in 
permeability of udder (Munro et af: (984). In most cases, the 
titratable acidity of mastitic mi Ik was altered (Pedraza et al. 
1978). 

The present study was undertaken to establish the level 
ofchanges of some constituents of milk resulting from mastitis 
infection and to assess the effect of the type of bacteria in­
volved. 

MATERIALS AND METHODS 

Composite milk samples were taken from 99 mastitis in­
fected and 10 healthy cows. Titratable acidity, fat per cent 
and lactose were· determined immediately followed by the 
other tests. 

Chemical analysis 
Total proteins, casein and whey proteins (Rowland 1938); 

fat % (Martin 1979) ; lactose % (Richards 1959); total solids 
and ash (Richmond 1925); titratable acidity (Foley et ai, 1974); 
chloride (X-ray fIourescence techniques X·Rf) (Jenllins et al. 

Present address : 1,2 Faculty of An.imal Production, U. of K. 
Sudan, P.O. Box 32. 3Faculty ofYeterinary Science, U ofK, Sudan 

PO Box 32. 

Table 1. Comparison of healthy and mastItIc cows milk 

Constituents Mean:!:SD 

Diseased Healthy 

Total 11.98:1::0.719 12.91:1::0.32.8 
Protein 3.48:1::0.529 3,82:1:0,342 
Fat 3,62:1::0.340 3.87;1:0.4.57 
Lactose 409;1:0.319 4,62:1::0.264 
Ash 0.75:1::0.198 0.58;1:0. I 53 
Chloride 0.173:1::0,085 <U23:1::0.041 
Casein 2.74:1::12JO 3.07±0.f39 
Whey proteins 1.08:1::0. t 17 0.7)0::0.0831 

Acidity . 019::1:0.087 O.17O:k@.016 

1981; Tertian ~nd Claisse 19~2) and Kostler value as % of 
chloride and lactose; were determined. 

The data were arranged into computer format, to facilltate 
the statistical analysis, using numerical codes for stages of 
lactation (early ,medium and late), types of bacteria isolated 
(S. aureus , A: pogem~s. Gram negative bacteria ~nd others) 
and seasons (summer and winter), 

Descriptive (frequency) analysis and I-way and 2-way 
analysis of co-vilriance in the randomized complete block 
design (Gill 1978) were used to analyze the results. 

RESULTS 

The maximum, minimum, mean and SO of the milk con" 
stituents, for healthy and infected cows varied copsider&bly" 
particularly lactose, chloride, casein, whey proteins, a,sn lind 
acidity (Table 1). 

The milk qfmastitic compared to healthy cows (Tabl~ 2) 
had highly significant differences for total solids, casein, ash, 

. ch loride, lactose and casein number (P~O.O I), while fat cbn· 
tent decreased (P<O.Ol) and acidity, total protein and Kostlds 
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Table 2. The effect ofdiscase (mastits) on milk constituents (%) (means~g~ares_!!:~Il:_~_O_yA !1I_bles) 
-- ---~-~-.-- ---

Source of Total Protein Fat Lactose Chloride 
variation solids 

Covariate 0.043 0.529 0.284 0.093 0.015** 
Parity number 0.085 0.186 0.220 0.186 0.029** 
Stage of 0.02 0.931 0391 0.000 0.001 

lactation 
Main effects 7.971 ** 1.059* 0.675** 2.919*** 0.373*** 

(Health) 
Explained 2.685*** 0.706* OAI5** 1.035*** 1.034*** 
Residuals 0.490 0.263 0.120 0.147 0.003 
Total 0.551 0.275 0.128 0.007 

... = P<0.05; ** '" P<O.OI; ***= P<O.OOI. 

value decreased (P<O.OS) , types of bacteria isolated (mainly 
s. aureus) has a significant effect only on lactose (P<O.O 1) 
and acidity (P<0.05) (Table 3). 

DISCUSSION 

Total solids results was in agreement with Rogers and 
Mitchell (1989). Further, King (1978) observed a significant 
difference for total protein and caseins within infected and 
non-infected quarters of the same cows, total protein and 
casein decreased in the infected cows. These findings are 
similar to those of Merenyi and Wagner (1986) and Sharaby 
(1990). According to Ishikawa et al. (1982) this may be be­
cause of both inflammatory damage of secretory tissue and 
destruction of the blood milk. permeability barriers. More­
over, Murphy et al. (1989) observed increased proteinase 
activity during infection. In contrast Kwai et al. (1984) re­
ported an increase in total protein, wh ile Toit et al. (1984) 
reported no variation in the total protein resulting from infec­
tion. 

Casein number decreased in mastitic cows milk in the 
present study, since the reduction in casein (P<O.OO I) out­
weighed the reduction in the total protein. 

The reduction in fat % in mastitic cows was similar to 
those of Vianni and Nader (1991). This reduction may be be­
cause of lipolysis which increase during infection (Murphy 
el al. 1989). 

The highly significant effect of mastitis on lactose (Table 

Ash Casein Whey Acidity Kos. value Casein No 
protein 

.,_.--.-~--,--------.-~---,.---<..---.--.-----.----------

0.000 4.750* 0.788* 0.020 32.433 49.996 
0.002 9.094* * 1.540** 0.040** 42.832 43.478 
0.002 0.179 0.007 0.000 25.561 22.850 

0.27 I *** 18.250*** 1.044 0.28* 38.65 I * 379.257*** 

o.n 9.250*** 0.540 0.023** 36.164* 159.750*** 
0.039 1.312 0.236 0.007 14.215 29.495 
0.040 1.534 0.245 0.007 15.323 33.113 

-------~-. 

2) was similar to that reported by Ashworth el aJ. (\ 967) and 
Mollet et al. (1989). This reduction may be because of lipolysis 
which increase during infection (Murphy et af. 1989). 

The highly significant effect of mastitis on lactose (Table 
2) was similarto that reported by Ashworth et al. (1989). This 
reduction may be due to the more alkaline constituents of the 
blood passing into the milk (Turner 1946), a reduced concen­
tration of a-lactalbumin (Sreekumar et al. 1975) or to less 
glucose begin available to the mammary gland due to re­
duced blood flow in the mastitic state (Kitchen 1981 ). 

Chloride increased in mastitic cows milk (Table 2). This is 
in agreement with Kitchen et al. (1984) who rep0l1ed that as 
a failure to synthesize lactose, the level of chloride increased 
to maintain the somatic pressure. 

The higher level of ash observed in the infected cows was 
also observed by El Deeb and Hassan (1987). 

The lower acidity values were sim ilar to those of Pedraza 
et al. (1978). The type of bacteria causing mastitis isolated 
during this study has a significant effect (Table 3) which may 
be due to bacterial acidification (Boretius 1982). 

Lactose was markedly affected by the types of bacteria 
isolated. The effect was highly significant (P<O.O I) and was 
also reported by Kitchen (1981) who found that, Staph. aureus 
infection results in severe tissue damage of the secretory 
cells. Other milk constituents did not change frequently with 
the type of bacteria isolate. 

In conclusion, mastitis induces marked changes in milk 

Table 3. The effect of S. aureus infection on mastitic milk constituents (means squares fi'om ANOVA tables) 

Source of Total Protein Fat Lactose Chloride Ash Casein Whey Acidity Kos. Casein No. 
variation solids protein value 

Covariate 0.198 0.292 0.383* 0.268 0.060 0.Q31 0.327 0.028 0.036 28.945 42.088 
Parity number 0.217 0.200 0.326 0.471 0.089* 0.057 0.390 0.023 0.004 42.345 76.251 
Stage oflactatiol1 0.200 0.416 0,483* 0.047 0.037 0.002 0.301 0.029 0.070 19.799 10.912 
Main effects 0.605 0.150 0.100 0.604** 0.057 0.040 0.164 0.100 0.168* 27.416 79.374 

(Bact.) 
Explained 0.442 0.207 0.213 0.469*** 0.058* 0.036 0.229 0.071 0.115 28.435 64.460 
Residuals 0.518 0.282 0.108 0.143 0.023 0.039 0.186 0.070 I 0.053 13.808 31.202 

'" = P<O.05 ; ** = P<O.Ol; ***= P<O.OOI. 
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constituents. This affect the nutritive value, processing and 
keeping qualities, because it contains pathogenic bacteria. 
These changes correlates with the virulence and types of the 
causative agent involved. 
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ABSTRACT 
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chloride, Koestlerm; value and ash. Similarly, mastitis sample that collected during slimmer showed significant effects on 
caseins. whey proteins and ash, total proteins and fat. Staphylococcus aureus, isolated from clinical mastitis, has a 
significant effect on chloride and lactose. However, S. GUrellS, isolated during summer, from mastitic cows, showed 
significant effects on caseins, chloride, whey proteins, acidity lind fat per cent 

Key words: Changes in milk constituents, Mastitic cows milk, Staphylococcus aurells infection 

Mastitis (udder infection) causes several changes jn the 
composition of milk (Dawson et al. 1974, Vianni and 'Nader 
1991). 

The degree of tissue damage and change ofthe permeabil­
ity of blood vessels vary according to the concentratiqfl and 
virulence of the causative agents (Munro et al. 1984).8. aureus 
and other organisms cause more severe tissue damage of se­
cretory cells (Kitchn 1981). 

The aim of the present study is to evaluate the effect of 
season 011 the diseased cows (mastitic) and to assesS the 
effect of CMT, different scores and their interaction with the 
types of bacteria involved. 

MATERIALS AND METHODS 

Diseased cows (99) were divided in to summer caseS (49 

cows) and winter cases (50 cows). Similarly, the degree of 
infection of the quarter was grouped as normal quarters, 
subclinical m'astitis, clinical mastitis, clinical mastitis with pus 
and blood secretions. 

Chemical analysis 
The total proteins, casein and whey proteins were deter­

mined with Kjldhal's method (Rowland 1938), the Gerber's 
methods was used for detennination of fat % (Martin 1979). 
Lactose was done as per Richards (1959) using Anthrone meth­
ods. The total solids and ash were done by the methods of 
Richmond (1925). The titratable acidity was determined b;y 
the method of Foley et al. (1974). The chloride was estimated 
using the X-ray flourecence techniques (X-RF) described by 
Jenllins et ai. (1981) and Tertian and Claisse (1982), and Kostler 
value was determined as % of chloride and lactose. 

Table I. The effect of sumlUer on mastitic milk constituents (mean squares from ANOV A tables) 
.. -----~ -------

Source of variation Total Protein Fat Lactose Chloride Ash Casin Whey Acidity Koestler Casein 
solids protein value No. 

Covariate 0.198 0.370 0.269 0.355 0.015 0.014 3.236** 0.819*** 0.016** 30.321 82.407* 
Parity number 0.002 0.290 0.115 0.496 0.029* 0.022 6.4 1 0*** 1.571*'1<* 0.033*** 35.654 6.009** 
Stage oflactation 0.391 0.491 0.448'" 0.178 0.000 0.006 0.131 0.100 0.000 28.361 0.160 
Main effects (seasons) 1.979* 1.151* 0.020 0.493 0.003 0.367*** 71.385*** 15.656*** 0.311 **'" 0.746 1 1.406*** 
Explained 0.792 0.631 0.186 0.401 '" 0.011 0.132** 25.952*** 5.765*** 0.113*** 1.594 5,828*** 
Residuals 0.509 0.269 0.114 0.148 0.007 0.036 0.684 0.093 0.004 15.029 27.116 
Total 0.517 0.280 0.116 0.159 0.007 0.036 1.446 0.268 0.008 15.302 31.124 

'" ::: P<0.05, U = P<O.O I, *** = P<O.OO I. 
Statistical analysis 

Present address: LJFaculty of Animal Production, U. of 1(. Su- Numerical codes were used for stages of lactation (early, 
dan, P.O. Box 32. 2FacuIty of Veterinary Science, U. ofK., sudan, medium and late), CMT score (healthy, subclinical, clinical, 
P.O. Box 32. haemorrhagic and purulent), types of bacteria isolated (8. 
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Table 2. The effect of degree season on mastitic milk constituents (mean squares from ANOVA tables) 

Source of variation Total Protein Fat Lactose Chloride Ash Casin Whey Acidity Kos. Casein 
solids protein value No. 

Covariate 0.043 0.529 0.284 0.093 0.052 0.002 0.507* 0.018 0.040 28.945 49.996 
Parity number 0.085 0.186 0.220 0.186 0.082* 0.002 0.389 0.000 0.007 42.345 83.478 
Stage oflactatioll 0.002 0.931 0.371 0.000 0.030 0.002 0.701* 0.035 0.075 19.799 22.850 
Main effects (CMT) 1.806** 0.408 0.257 0.756*u 0.073*** 0.106*** 0.546** 0.096 0.065 45.458**. 83. I 23*'10 
Explained 1.303** 0.442 0.264** 0.567*** 0.076*** 0.077 0.535*** 0.073 0.057 40.804** * 73 .659** 
Residuals 0.499 0.264 0.119 0.144 0.020 
Total 0.551 0.275 0.128 0.172 0.023 

* "" P<O.OJ, ** == P<0.05. *** == P<O.OOI. 

aumes, A. pyogenes, Gram negative bacteria and others), and 
seasons (summer and winter); to facilitate statistical analysis. 

The data were analyzed using the randomized complete 
block design (ReBD) lIsing 2-way three-way covariance analy­
sis according to Gill (1978). 

RESULTS 

Season had effect on total proteins, total solids, casein, 
casein number, whey proteins and ash (Table 1). 

The degree of the disease (CMT score) had a significant 
effect on lactose, chloride ash and Koestler value. 

Interaction between CMT score and types of bacteria iso­
lated showed a highly significant result only for chloride and 
lactose (Table 3). 

Interference between bacterial types and season affected 
chloride, casein, whey proteins, affected acidity and fat % 
(Table4). 

DISCUSSION 

Although, the season (Table 1) has a nonsignificant effect 
on total solids (Waitte et al. 1956), it shows effect when it is 
interacted with bacterial types (Table 4). The significant ef-

0.038 0.160 0.071 0.057 12.372 30.003 
0.040 0.185 0.071 0.057 [4.214 33.113 

fects of summer on protein, casein and whey proteins and 
casein number (P<O.OO 1) was in agreement to the findings of 
Verdi et al. (1987). The interaction of summer with bacteria 
affected caseins, whey proteins, and casein number. This vari­
ation was mainly due to summer (Tables 1,4). 

The fat per cent showed a nonsignificant changes (Table 
1). The change produced by the interaction of summer and 
S.aureus bacteria might be due to the damaging effects of 
bacteria on the secretory tissue (Kitchen et at. 1984). 

The nonsignificant effect of summer on lactose was in 
agreement with the results of Mitchel et al. (1978), who stated 
that lactose was the least variable of the gross constituents 
on the percentage basis. 

Chloride showed nonsignificant change to seasonal varia­
tion. The interaction of summer with S. aureus bacteria af­
fected the chloride contents. This change could be attributt;ld 
to the types of bacteria involved. 

The ash content of mastitic milk was both affected by sum­
mer and S. aureus bacteria. This was agreed with the finding 
ofM itchel et al. (1978). The acidity was significantly affected 
by both the seasons and its .interaction with bacteria. 

Effect of clinical mastitis illfection on the Illi Ik co~stitllents 

Table 3. The effect of cliniealmastitis S. au/'eus infection on milk (mean squares trom ANOYA tables) 

---------
Source of variation Total Protein Fat Lactose Chloride Ash Casil1 Whey Acidity Kos. Casein 

solids protein value No. 

Covariate 0.198 0.292 0.384* 0.268 0.060* 0.013 0.327 0.028 0.036 20.860 50.003 
Parity number 0.217 0.200 0.326 0.471 0.89** 0.057 O.4QO 0.023 0.004 32.510 36.980 
Stage of lactation 0.200 0.416 0.483* 0.047 0.037 0.002 0.301 0.029 0.070 12,240 54.370 
Main effects 0.486 0.254 0.103 0.333* 0.058*** 0.054 0.269 0.074 0.096. 37.410 41.840 
eMT 0.414 1.200 0.105 0.171 0.038 0.062 0.039 0.119 0.052 33.940 44.130 
Bacteria 0.221 0.571 0,045 0.269 0.058*** 0.015 0.333 0.059 0.165* 38.260 35.260 
2-way interaction 0.240 1.578 0.087 0.074 0.065*** 0.043 0.201 0.078 0.045 54.430 53.550 
(CMT " Bact.) 
Explained 0.334 0.338 0.132 0.150 0.062*** 0.046 0.241 0.072 0.064 40.290 47.980 
Residuals 0.560 0.262 0.111 0.111 0.015. 0.037 0.174 0.069 0.055 37.730 24.720 
Total 0.515 0.278 0.114 0.039 0.025 0.039 0.188 0.070 0.057 38.660 33,180 

* = P<0.05, ** = P<O.OI, H* = P<O.OOI. 
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Table 4. The effect of s.aw'ells infection and summer on mastitic milk (mean squares from ANOVA tables) 

Source of variation Total Protein Fat Lactose Chloride Ash Casein Whey Acidity Kos. Casein 
solids protein value No. 

-- .. _ ---~----~--
Covariate 4.230 0.133 0.317 0.053 0.065 0.006 0.9818 0.129* 0.005 30.462 67.32 
Parity number S.IS0 0.117 0.134 0.044 0.089 0.008'" 1.383* D.20S* 0.010* 35.490 131.49* 
Stage of lactation 2.S90 0.126 0.451 0.071 0.030 0.005 0.599 0.072 0.001 29.085 6.059 
Main effects 2.810 0.296 0.562* 0.186 0.089 0.017*** 3.553*** 0.741*** 0.013** 28.087 131.29** 
Season 8.679'" 0.177 1.577** 0.000 0.221** 0.032*** 6.793*** 1.476*** 0.021*** 2.083 174.26 
Bacteria 2.930 0.378 0.637* 0.230 0.114* 0.002 0.306 0.032 0.003 33.212 30.718 
Explained 3.280 0.142 0.480 0.138 0.081 0.014*** 2.674*** 0.537*** 0.010** 21.824 69.981** 
Residuals 1.250 0.251 0.137 0.278 0.228 0.002 0.226 O.Q28 0.002 15.391 28.347 
Total 2.180 0.247 0.295 0.213 0.053 0.007 1.356 0.263 0.006 15.939 31.890 

. -------~-------~-------

'" = P<O.05. ** = p<O.O I, *** "" P<O.OO I. 

as measured by CMT has a significant effect on the total solid 
(Table 4). It is in accord with Rogers and Mitchel (1989). Moreo­
ver, Vianni and Nader (199 I) reported a significant difference 
in solids-not-fat (SNF) even between CMT-negative and CMT 
traces. Furtherm.ore, King (1978). could demonstrate a signifi­
cant effect with the same cows having infected and non-in­
fected quarters. 

The level of the total proteins in this study, similar to that 
of Mollet et al. (1989), did hot vary with the virulence of the 
disease. The decrease in casein (P<O.O I) and casein number 
(P<O.05) could be due to the fact that the loss in casein was 
affected by the increase in serum proteins (Ashworth et al. 
1967), who concluded that, the fat percentage was not af­
fected by CMTscore (Table 2). This could be attributed to 
decreased yield of milk rather than synthesis offat (Jones and 
Jones 1986). 

The degree of infection had highly significant effect on 
lactose. This reduction may be due to reduced concentration 
ofO'.-lactalbumin (Sreekumer et al. (975), or because of less 
glucose being availableto the mammary gland due to reduced 
blood flow during the diseased state (Kitchen 1981). 

The chloride content was increased with the degree of in­
fection, similar to the resu Its of Fernando and Spahr (1983). 

The ash content showed a significant increase, as the de­
gree of infection increased. which is in agreement wish El 
Deeb and Hassan (1987), and differed from that ofMuldoOlll 
and Liska (J 971). The interaction of clinical mastitis and S. 
aureus bacteria isolated had a highly significant effect on 
chloride which may be because of either bacterial acidifica­
tion and the degree of irritation or inflammation of the mam­
mary gland (Kitchen et at. 1984), as well as CMT score (Vianni 
and Nader 1991). The interaction of clinical mastitis and S. 
aureus bacteria, isolated, affected the whey proteins (P<O.05). 

We concluded that clinical infection and summer have a 
significant effect on the level (Jf most of milk constituents. 
Moreover, the level of alteration is more pronounced, in most 
cases, in samples infected wish S. aureus and in clinical sam­
ples collected during summer interacted with the virulence of 

the causative agents. 
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ABSTRACT 

The study was aimed at studying the factors influencing sheep farming in NeIJore district of Andhra Pradesh. Cobb­
Douglas type of production function was used to achieve the set objective of the study. The flock size exhibited highest 
contribution in increasing the returns in sheep farming compared to the other variables. Grazing costs consistently 
influenced negatively on the gross returns on all types of farms. Veterinary expenditure had positive and significant 
influence on large farms only. The study indicated the scope to reorganize the input factors which were irrationally used. 

Key words: Economics of sheep farming, Sheep farming 

Sheep farming is catching up greater prominance in the 
areas ideal for their profitable rearing. The district Neilore, 
Andhra Pradesh, is occupying fourth place in sheep farming 
and the Nellore Zodipi sheep has national acclaim for mutton 
purpose. In such an expanding enterprise, it is of interest to 
know the effect of variou 5 input factors on the returns obtained 
by the flock owners. As such, there is a need to estimate the 
factor's influencing the economic returns in sheep farming. 

MATERIALS AND METHODS 

The district Nellore was purposively chosen for the study 
in view of its importance in sheep rearing in the state. Kaligiri 
and Dagadarthi mandals of Nell ore district were selected as 
considerable sheep population of the district was found con­
centrated in these mandals. Six villages were purposively 
selected from the two mandals based on the criterion of 
highest population. The farmers were divided into 3 
categories, viz. small, medium and large and from the 
categories so made, 50 farmers from small (below 54 sheep), 
27 from medium (55 to 105 sheep) and 21 from large size 
group (106 sheep and agove) were randomly chosen in 
probability proportion to their number. 

The following form of Cobb-Douglas function was used 
to study the factors influencing sheep production. 

Y = a x,b' )(2b2 )(l03 )(4b4 xJb~ U 

Y, gross returns per farm in rupees ;x, ,flock size;x2 ,cost 
of human labour in rupees in all except medium size;xl ,cost 
of grazing in rupees in all categories except pooled; x4 ,cost 

Present address: ,,2Department of Agricultural Economics, S V 
Agricultural College, Tirupati 517 502. 

of lamb feed in rupees in all except for large and pooled;x, 
,veterinary expenditure in rupees in all except for medium; 
and U,error term. 

In respect of small fanners all the 5 variables were 
retained. But regarding medium, large and pooled farmers 
some variables were dropped because of the presence of multi­
collinearity. The variables that were retained were xL' Xl and 
x4 in medium category, X2' Xl and x~ in large category, and 
x" X2' Xl and Xs pooled category. 

RESULTS AND DISCUSSION 

The results of the functional analysis are presented 
in Table 1. 

Smalljarms 
The factors, viz., flock size, human labour costs, cost of' 

grazing, cost of lamb, feed and veterinary expenditure were 
selected. The coefficient of multiple determination (R2) was 
0.85 and significant thereby explaining the fact that the 
variables included in the function explained 85.00 % of the 
variation in the dependent variable (gross returns). Of the 
factors included in the function, the variable flock size alone 
exerted significant influence. The remaining.4 factors were 
nonsignificant. The elasticity of flock size was 0.75 implying 
that 1 % increase in flock, size would increase the gro~s 
income by 0.75 %. The coefficient off\1e variables, grazing 
cost, cost of lamb feed, veterinary aid had negative signs. 
The above results infer that on small farms the gross returns 
were largely influenced by the flock size. The cost paid by 
the small farmers for the grazing lands seems to be on the 
higher side which reflected the irrational use of this input in 
sheep rearing. Similarly expenditure on lamb feed and 
veterinary aid also appear to be more than the optimum label. 
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Table I. Regression coefficients offactors intluencing returns in 
sheep farming 

Particulars Small Medium Large Pooled 
-----"-
No. of observations 50 29 21 100 
Constant (log a) 4.7153 5.9075 8.4759 5.5660 

(0.8621) (0.6478) (2.0609) (0.68 (3) 

Flock size (XI) 0.7525" 0.4068" 0.9794" 
(q.1388) (0.2245) (0.0867) 

Cost of human labour 0.1623 -0.1994 -0.0697 
in rupees (x2) (0.1541) (0.2544) (0.1114 

Cost of grazing in -0.0107 -0.0312 -0.2173" -0.0157" 
rupees (x3) (0.0147) (0.0121) (0.0617) (0.0095) 

Cost of lamb feed in -0.0141 0.2395" 
rupees (x) (0.0349) (0.1345) 

Veterinary expenditure -0.0158 0.2966" -0.0173 
in rupees (x,) (0,0122) (0.1095) (0.0105) 

Coefficient of 
multiple determi- 0.8592" 0.5934" 0.5783" 0,9527" 
nation (R2) 

Figures in parentheses indicate standard- errors:** significant 
at 5 % level. 

Hence, the small farms need to keep a watch in the use of 
these 2 factors. 

Medium farms 
The coefficient of multiple detennination was 0.59, im­

plying that the selected variables have contributed for 59.0 
% of the variation in the gross returns. Of the 4 variables 
included in the function, 3 variables explained either positive 
or negative influence significantly. The variables flock size 
and cost of lamb feed were associated with positive signs 
and significant at 10.0 % level. Grazing costs had a negative 
significant sign. The elasticities obtained in this function 
suggest that on medium farms also, the flock size had highest 
coefficient with a positive sign duly explaining that further 
increase in flock size will contribute for greater increase in 
the gross returns, The farmers of this group enjoy still a 
better chance with respect to increased use of lamb feed as 
its coefficient ensures a positive gain in the gross returns. 
The case of grazing cost gave an indication that it needs to 
be cUliailed to overcome its negative affect. 

Large/arms 
The estimated coefficient of multiple determination was 

0.58 and significant at 1.0 % leveL The significant variables 
in the function were grazing cost and veterinary expenditure 
and of these, the coefficient of grazing cost showed negative 
sign. This trend was that the majority of the farms purchase 
grazing lands in the absence of their owned grazing fields 
and the costs collected by the owners, seem to be on the higher 
side. The elasticity of human labour cost was found to bear 
nonsignificant negative sign. These observations have helped 
in drawing the following inferences. As observed in the other 
2 groups, grazing cost tended to influence the gross income 

negatively. Large farmers were also no exception in not 
rationalizing the expenditure under this head. The elasticity 
of veterinary expenditure made an impression that its further 
use can increase the gross income significantly. Another 
variable, the use of which need to be brought down, was the 
human labour cost as it was already over used. 

Pooled farms 
The coefficient of mUltiple determination turned out to be 

highest in these farms with 0.95, duly revealing that 95.0 % 
of the variation was explained by the variables included in 
the function. The variables, with significant signs were flock 
size and cost of grazing. Padmanabhan (1994) and Prasanna 
(J 994) reported that flock size significantly influenced income 
in sheep farms. The elasticities of cost of human labour and 
veterinary expenditure were nonsignificant. The coefficient 
of flock size was highest of the lot with 0.97, indicating that 
1.0 % increase in flock size will raise the gross income by 
0.97 %. The elasticity coefficient for cost of grazing was 
negative, there by showing its negative impact on the pattern 
of gross returns. 

CONCLUSIONS AND POLICY IMPLICATIONS 

The functional analysis highlighted that the flock size had 
the. highest contribution, in increasing the gross returns in 
sheep j'armjn~ over any of the variabl(ls incluqed, either 
independently or collectively. The contributiQIl 9f other 
vari.ablcs WaS negligible, However, the other factors in sheep 
farming like grazing, consistently influenced negatively on 
the gross returns on all the types of farms. Human labour, 
barring on small farms, was identified to be excessively used 
as their productivity was dwindling. Though the results of 
the large farmers showed the scope of furthering the 
veterinary expenditure for still better income, pooled farms 
revealed the cause of anxiety as the veterinary expenditure 
on sheep health was overused. The sheep farmers need to 
recognize their expenditure on these cost factors which were 
irrationally utilized. 

Concentrates were not found included in the feeding 
regime, which is very vital for the growth of sheep. The 
concentrates in the form of oilcake, horsegram etc. should 
be supplied to the sheep farmers by the Government agencies 
at subsidized rates. The sheep farmers need to be trained fot 
scientific methods of sheep farming. Livestock Research 
Stations should come forward to train the sheep fannets for 
better returns in the enterprise, 
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Generally various routine statistical tests are carried out 
with the basic assumption that the character under study 
follows normal distribution in the population (Amble 1975), 
In cases where distribution of the character does not follow 
normal distribution, these test procedures cannot be appl ied. 
Therefore it is essential that the distribution pattern of the 
characters in a population is ascertained to decide the statis­
tical techniques to be used for the analysis (Srivastava and 
Tandon 1984). 

Four important characters having significant effect on milk 
yield, viz. age at first conception (AFe), first gestation period 
(FGP), first lactation period (FLP) and interval between first 
and second calving «(FSC), were taken. The aim was to fit 
normal distribution and ifnormal is not fitted, to ascertain the 
exact distribution. 

The data were obtained from the Livestock Research Cen­
tre ofthis university for 11 years i.e. from 1971 to 1981. The 
cows were kept under standard management practices. De­
pending OIl the available records for each character under 

Table I. Number of observations (n), mean, S E, 13 1, ~2' (Xl and 1\ 

values for the variables AFC, FOP, FLP and IFSC 

Variables n mean SE ~I ~2 ex2 cal 1( 

Age at tirst 114 847.8 19.504 0.141 2.382 15,059* -(!.ODD I 
conception 

First ge:,tation 127 280.3 0.965 1.712** 11.850** -0.031 
period 

First lactation 128 309.1 5.980 0.035 3.641 -0.023 
period 

Interval 146 424.3 7.821 2.490**5.572** -132.801 

between fi rst 
and second calving 

** P<O.I : ** P<.05. 

Prest!nt address: IStatistician, AICRP, Department of 
Agronomy; 2Associate Professor, Department of Mathematics and 
Statistics; -Professor and Head, Department of Gynaecology and 
Obstetrics. 
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study 114 Sahiwal-Jersey crossbred cows for age at first con­
ception, 127 for first gestation period, 128 for first lactation 
period, and 146 for interval between first and second ~alving 
were considered. 

Frequency curves were drawn for all the variables under­
study (Figs 1-4). An essential condition for being a normal 



April 1998J DISTRIBUTION OF SOME TRAITS OF CROSSBRED COWS 

32 

28 

>24 
(.) 

c: 
~ 20 
0" 
~ 16 
u. 

12 

o 112.5 212.5 312.5 412.5 512.5 612.5 

36 

32 

28 

first I'actanon period <days!' 

>24 ) 
(.) 

&i 20 
::I 
0" 

~ 16 u... 

12 

8 

4 

o 
: :( _0-0.0.. f)..,.,' 

'·1 1 1\)1 ~r.,,·9 , .,..._..~ 

313 413 513 613. 713 813 
Interval between first and second 

calving (days) 

'Figs 3-4. 3. Frequency curve for the variable first lactation 
period. 4. frequency .curve for the variable interval between first 
and second calving. 

curve is that ~I should be zero and ~2 should be 3 (Madansky 
1988); hence ~, and ~2 were obtained (Table 1) andZ-testwas 
applied to test the hypotheses ~I = 0 and ~2 = 3. (fthere is no 
evidence found again.'lt both the hypotheses, fitting of nor­
mal distribution was done, applying chi-square test good­
ness of fit (Snedecor and Cochran 1967). If either of the hy­
potheses or both were rejected, the value of lC (l(=~12 / 4bo~2) 
was obtained to know the exact non-normal distribution 
among the Pearson's family of distributions (Kendall and 
Stuart 1958). 

In case of the variable 'age at first conception ' no evi­
dence was found against both the null hypotheses, i.e. ~t=O 
and ~2=3. Hence fitting of normal distribution was done. The 
hypotheses of normality was not rejected at 1 % level of sig­
nificance (LOS P>.O 1) and rejected at 5% LOS (P<.05) by chi­
square test of goodness of fit. Since the hypothesis was not 

rejected at 1 % LOS 'K, value was obtained. to know the exact 
probability distribution, which is less than 0 and that falls 
under the category of Pearson's Type I (Table I). It was con­
cluded that if LOS is 5%, variable age at first conception has 
normal distribution and if LOS is reduced to 1 % it has Pearson's 
Type I distribution. Both the hypotheses for~! and ~2 of first 
gestation period' were rejected, '](' value was obtained to know 
the exact Pearson's form of distribution which is lying be­
tween 0 to I and that belongs to the category of Parson's 
Type VI (Table J). For the variable first lactation period suffi­
cient evidence was not found against the hypothesis ~!==O, 
hence not rejected. It was just reverse for ~o==3, hence re­
jected . Since both the conditions, viz. ~,=O-and ~:'.=3, for 
fitting I)f normal distribution were not fulti lied, it was not 
done but '[(" was obtained to Know the exact probabWty dis­
tribution , which is less than 0 and that falls under the cat­
egory of Pearson's Type] (Table 1). Sufficient evidence was 
found to reject the null hypotheses ~1=O and ~:'.==3 for the 
variabk' interval between first and second calving, hence 
fitting of normality was not performed and the value 'K' wa" 
obtained to know the exact probability distribution among 
the Pearson's set of distribution, wh ich is less than o. Til is 
comes under the category ofPea!~son's Type I (Table I). 

Overall it was concluded that the variables, age at first 
conception (at 1 % LOS), fii'stgestatlon period, first lactation 
period and interval between.first and second calvings fol­
lows P(larSOn's Type r, Pearson's Type IV, Pearson's Type I 
and Pearson's Type I distribution, respectively, which are 
non-normal distributiol1!?Therefore the statistical techniques 
requiring the summation or normal distribution cannot be 
applied for these charactel's related to cattle reproduction 
and production. Howev~r, other non parametric tests can be 
applied in case of these traitS(Gipbons 1971). 
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Multiple ovulation and embryo transfer (MOET) applied 
on 2 cow pathways i.e, cow to breed bull and cow to breed 
cow increases the selection intensity of females leading to 
higher rates of genetic gain (SI11 it11 and Ruane 1987, Taneja et 
al,1992), In India. MOET can be applied to dairy cattle 
breeding programmes in two ways: (i) as a supplement to 
conventional progeny testing, and (ii) by applying the juvenile 
and adult MOET schemes to I1ltcleus breeding herds. In the 
present investigation, an attempt was made to compare the 
expected genetic gains from different MOET breeding schemes 
with conventional pl'ogeny testing in Sahiwal cattle, a 
representative of indigenous dairy breeds. 

Data pertaining to 2374 Sahiwal cattle. maintained at 5 
organized farms were considered to generate the following 
parameters: 

Average 305"day or less milk yield 
Phenotypic standard deviation for 

milk yield 

1788 kg 
644 kg 

Genetic standard deviation for milk yield == 322 kg 
Average age at first calving 3.438 year 
A verage generation interval from 4 

under progeny testing paths 
A verage generation interval for 

juvenile MOET 
A verage generation interval for 

adult MOET 

6.881 year 
30438 year 

5.514 year 

The following parameters were assumed for comparing 
different breeding schemes: 

Population size 
Conception rate 
Joint effect of survivability 

and culling up to maturity 
Sex ratio 
Heritability ofmilk yield 
Repeatability of milk yield 
Replacement rate 

== 400 
0.10 
0.84 

1: I 
0.25 
340.40 
0.25 

Present address: I Scientist (Senior Scale), 1 Scientist,) Principal 
Scientist and Head. Dairy Cattle Breeding Division. 

Expected genetic gain under progeny testing 
The expected genetic gain from progeny testing was 

estimated (Robertson and Rendel 1950). 

E),:pected geneJic gain by supplementing progeny testing with 
MGET 

In conventional progeny testing system the proportions 
selected from 4 paths viz, bull to breed bull (BB), bull to breed 
cow (BC), cow to breed bull (CB) and cow to breed cow (CC) 
in general are 0.1 0,0.20,0.20 and 0.80 respectively. When MOET 
is applied to CB and CC paths, these proportions can be 
reduced depending upon the number of progeny/donor. If 2 
females/donor are produced, the proportions selected for CB 
and CC paths can be reduced to 0.10 and 0040 respectively. 
SimilarlY, the proportion selected for 2 bull paths (BB and BC) 
can further be reduced to 0.05 and 0.1 0, respectively, to increase 
the rate of genetic gain. 

Expected genetic gain through juvenile MGET 
Considering a herd of400 breedable cows and if 10% elite 

cows (40 donors) are superovulated and inseminated with 
semen of 10 sires (assuming 4 flushings/donor/year, 4 trans­
ferable embryos/flush and joint effect of conception rate, 
survivability and culling rate on poor growth rate equals to 
0.25), we would have 80 male and 80 female calves per year i.e. 
2 males and 2 females/donor/year. These males and females 
would be selected on the basis of their pedigree assuming 
average number of3 lactations oftheir dams, The correspond­
ing accuracy of selection would be low (0.323), though the 
generation interval would be lower i.e. 3.438 years. 

Expected genetic gain through adult MOET 
Considering other parameters to be same as in juvenile 

MOET, the expected genetic gain under this scheme would be 
different due to higher generation interval as well as higher 
accuracy of selection as information on sibs (half- and full-) 
and individual's record (in females) in addition to pedigree 
information is included for selecting the animals. Though the 
generation interval is more (5.514 years), yet the genetic gain 
is expected to be more as accuracy of selection is high. For 
each bull to be evaluated there would be information on 2 
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fullsibs (1 record each), 6 halfsibs (1 record each) and 3 records 
on dam. Similarily, for each cow information on I fullsib, 6 
half sibs, 3 dam's records and cows own record will be available. 
The accuracy of selection was calculated incorporating the 
above infonnation in an index (Van Vleck 1981). 

To minimize the effect of inbreeding 10 bulls will be selected 
out of80 bulls from different fullsib families. The remaining 
bulls may be supplied to other developmental agencies. Eighty 
females produced would be retained in the herd and 20 cows 
would be purchased from outside agencies every year. Hence, 
100 females would be sold every year to maintain a herd size 
of 400 cows. If herd has not to be opened, the replacement 
rate can be reduced to 20% only. The annual genetic gain was 
calculated as per Nicholas and Smith (1983). 

The approximate rate of inbreeding per year in MOET 
schemes was calculated (Nicholas and Smith 1983) as under: 

J18U( 1IS+ liD) 

Where, S and D are number of sires and donors selected 
for breeding and L is generation interval. 

The average expected genetic gain from conventional 
progeny testing scheme was 195.79 kg/generation or 28.45 
kg/year, which was 1.591 % of herd mean (Table 1). This esti­
mate was higher than the value reported by Taneja_et aZ. (1992) 
in crossbred cattle. 

When conventional progeny testing was supplemented 
with MOET the expected genetic gain per year by appl)Jing 
MOET on CB and CC paths was 33.40 kg/year"which was 
1.868% of population mean (Table I). This was attributed to 
higher intensity of selection for both GB and CC paths. The 
increase in genetic gain was above 17% over conventional 
progeny testing programme. 

The proportion ofmales selected couldfurther be reduced 
for BB and BC paths in the above scheme to 0.05 and 0.10 as 
on an average 2 males are expected frol11 each donor. This 
would increase the intensity of selection for these 4 paths 
(2.064 1.755%, respectively), The expected genetic gain per 
year from selecting few bulls under progeny testing supple­
mented with MOETwas 37.84 kg, which was2.116%ofherd 
mean. By selecting few bulls in hybrid MOET the increase in 
genetic gain per year over conventional progeny testing 
scheme was 33.02%. 

The genetic gain per year was 51.07"kg (2.856% of herd 
mean), when selection was done on the basis of pedigree for 
both males and females in juvenile MOET (Table 2). The 
increase in genetic gain per year was 79.52% more than that of 
conventional progeny testing programme. In adult MOET, the 
accuracies of male and female selection based on sib 
information, individual's record (in females) and dam's records 
were 0.535 and 0.698 respectively. The expected genetic gain 
was 61.10 kg/year, which was 3.417% of herd mean. This 
response was I 14.76% of genetic gain expected from progeny 
testing. The rates of inbreding per year were estimated as 
0.1322 and 0.0754%, respectively, from juvenile and adulL 
MOET schemes, which were negligible in magnitude. In small 
herds rate of inbreeding would be higher than the expected 
since there would be tendency to select replacement from a 
small number of superior females. 

To sum up, it was concluded that MOET schemes were 
better than conventional progeny testing scheme. Adult 
MOET seems to be more effective in augmenting the genetic 
gain in milk yield followed by juvenile MOET. Hence, wherever, 
infrastructure for embryo transfer is available, this technology 
shou Id be applied at organized farms to raise progeny from 
elite cows for bringing about faster genetic improvement in 
milk yield. 
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Small ruminants playa major role in subsistence of poor 
peasants and livestock owners in semi - arid 'conditions of 
Rajasthan. The Marwari sheep is spread in 6 north west 
districts of Rajasthan with a population of 4.98 million. 
Improvement in wool quality and body weight will directly 
benefit the sheep owners. Therefore, an attempt has been 
made for overall economic improvement of Marwari sheep 
through selection for increase in greasy fleece weight and 
selection against modulation and to observe its correlated 
responses, if ally. 

The present investigation has been conducted on body 
weight of Marwari sheep in 3 selection lines. Data (1309) were 
obtained from Central Sheep and Wool Research Institute, 
Bikaner, from 1987to 1992. Body weight at birth, 3, 6,9 and 12 
month of age were recorded. The data were classified 
according to selection line, year of bilth and sex of lamb. 
The selection experiments were conducted against medulation 
and for increase in greasy fleece weight. So the flock was 
classified in 3 groups, viz. 1, random mating (RM), 2, selected 
group against medulation (AGM), 3, selected group in favour 
ofgreasy fleece weight (GFW). 

Since the data were non - orthogonal the least - squares 
technique of fitting constants (Harvey I987) was used to 
estimate the effect of various factors, viz. year of birth, sex 

. of lamb and selection line. Duncon' s multiple range test 
(Kramer 1957) was used to make pair -wise comparison of 
the least - squares constant for significant effects. Heritability 
was estimated from the sire component of variance and its 
standard error was calculated by the approximate method 
(Dickerson 1960) and modified by Backer (1984). Genetic and 
phenotypic correlations were calculated by sire component 
of variance and covariance and their standard elTors were 
calculated by the approximate method proposed by Robertson 
(1959). 

The overaJlleast -squares means for body weight at birth, 
3,6,9 and 12 months of age (Table I) were in agreement with 

Present address: 1 Assistant Professor. 1 Associate Professor, 
.IProfessor, Department of Animal Breeding and Genetics, College 
of Veterinary and Animal Science. 
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those ofNehra (I 991) and Ganai (1992). 
Significant effect of selection line was evident only on 

body weight at birth and 3 months of age. At birth AGM 
group was significantly heavier than that of other groups. 
At 3 months of age RM group was significantly heavier as 
compared to AGM and GFW groups. 

Year of birth had significant effect on body weight 
from birth to 1 year of age. Similar results were also obtained 
by Kulkarni and Deshpande (1991). The trend over body 
weight was inconsistent over the year. [n general lower body 
weights were observed in 1991 except weight at birth and 
9 months of age. At these 2 stages lower body weight may be 
due to drought condition (1987 and 1988). The significant 
effect of year of birth may be because of difference in 
availability of nutrients to dams for birth weight and weaning 
weight and to the lambs for higher body weights and other 
specific and nonspecific environmental conditions. 

Sex of lamb also had significant effect on body weight 
at all the stages except birth weight Males were heavier as 
compared to females in all age groups. These findings 
indicated that males grew at faster rate and gained more 
weight. A nother reason for heavier male might be retention of 
heavier male lambs fOI' breeding and disposal of slow growing. 
Negi et al. (1987) also reported nonsignificant effect of sex of 
lamb on birth weight For other body weights similar results 
were obtained Ganai (1992). 

There was no infiuence of generation on various body 
weights. Similar results were also obtained by Amble et al. 
(1967) whereas Singh and Dhillon (1991) repolied significant 
effect of generation on weight at 3 and 6 months of age. 

Regression coefficients revealed significant effect of dam's 
weight at lambing on birth weight and weaning weight. Similar 
results were obtained for birth weight by Gupta and Reddy 
(1988) and for weaning weight by Singh and Dhillon (1991). 

Possible reason might be that heavier dams provided 
better nourishment and more space for developing foetus and 
more. milk to the Iambs during pre· weaning period. Weaning 
weight was not influericed by birth weight. Significant 
effect of weaning weight on 6 months of body weight indicated 
that lambs which were weaned heavier at 3 months of age had 
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Table I. Least - squares means (SE) for different body weights (kg) 
~---.~-.------.-.. -----------

Body weight at different ages (age in month) 

Class/subclass 

Overall 

Selection lines 
RM 

AGM 

GFW 

Year a/birth 
1987 

1988 

1989 

1990 

1991 

1992 

Sex of lamb 
Male 

Female 

---------------
No 

1319 

333 

244 

742 

224 

157 

282 

233 

226 

197 

646 

673 

B wt 

2.83 
±0.066 

'" 
2.69a 

±O.IIS 
3.10b 

±0.138 
2.70a 

±0.079 

** 
3.41 b 

±0.161 
2.62a 

±0.IS5 
2.99a 

±0.142 
2.66a 

±0.145 
2.63a 

±0.159 
2.67a 

±0.188 

2.92a 
±0.OS9 

2.74a 
±0.087 

No 

1016 

225 

203 

588 

189 

92 

191 

187 

198 

159 

503 

513 

3 

10.99 
±0.070 

11.29b 
±0.132 
10.98a 
±0.141 
10.71a 
:l:0.OS3 

10.52b 
±0.163 
1I.02c 
±0.219 
IUSc 

±0.IS8 
10.59b 
±0.148 

9.52a 
±0.155 
13.19d 
±0.193 

** 
I !.34b 
±0.094 
10.64a 
±0.093 

No 

886 

199 

178 

509 

190 

62 

158 

142 

186 

148 

420 

466 

6 

15.74 
±0.100 

15ASa 
±0.182 
16.05a 
±0.196 
15.69a 
±0.118 

** 
IS.03c 

±0.253 
15.29b 
±0.339 
IS.93c 
±0.223 
15.13c 
±0.215 
13.81a 
±0.206 
16.25c 
±0.274 

** 
16.07b 
±0.136 
IS.4Ia 

±0.128 

No 

837 

182 

170 

485 

172 

52 

155 

134 

183 

141 

385 

452 

9 No 12 
----

18.13 711 19.58 
±0.118 ±0.131 

18.04a 
:1:0.214 
18.36a 

:1:0.226 
IS.OOa 
±0.137 

** 
15.77 
±0.250 
19.03b 
±0.411 
20.54c 
±O.253 
18.73b 
±0.248 
l6.06a 
±0.229 
18.68b 
±0.297 

** 
19.14b 
±0.159 
17.13a 
±0.147 

157 19.61a 
±O.236 

149 19.64a 
;1,0.248 

405 19.51a 
±0.153 

** 
113 17.548 

±0.310 
43 20.31c 

±0,458 
120 21.85e 

±0.259 
124 21.87 

:1:0.261 
175 17.18a 

±0.232 
136 19.56b 

±0.299 

** 
283 20.78b 

±0.188 
428 J8.39a 

±O 157 

Least-squares means with different letter within the same column differ significantly.wt. weight; B. birth~ RM, random mating; AGM. 
selected againslmedullation; GFW,selected in favour of greasy fleece weight~ '" significant at P<0.05; it. * significant at P<O.O I. 

higher body weight at 6 months of age also. Such lambs adjust 
themselves in all conditions better than lambs with lower 
weight and also gain more weight at subsequent ages. 

Heritability estimates for birth weight and 9 months body 
weight were very low. Similar finding was observed by Ganai 
(1992). The heritability estimates for 3, 6 and 12 months of 
body weight were moderate (0.23 to 0.34). These results are 
in close agreement with the findings of Ganai (1992). Low 

neritability estimate of birth weight and 9 months body weight 
suggested that the weight at birth and 9 months of age might 
be a poor criterion for selection. 

Phenotypic correlation of body weight at birth with 
weights at subsequent ages was positive and low. These 
results are in agreement with the findings ofNehra (1991) 
and Ganai (1992). Phenotypic correlation of body weight at 
3, 6 and 9 months of age with body weight at subsequent 
ages were moderate to high (0.390 to 0.797). These results 
showed that phenotypic correlation of body weight at higher 
ages were high with body weight at subsequent ages. 
Genetic correlation of birth weight with 1 year body weight 
was positive but very low and with 9 months body weight 

Table 2. Estimate of heritability for different body weight with 
their genetic and phenotypic correlation 

B wt 3 month 6 month 9 month 12 monts 

B wt 0.07 
±0.087 

3 mont~ wt 0.71 I 
±0.846 

6 month wt 0.855 
±1.009 

9 month wt 0.247 
:1:0.051 

12 month wt 0.002 
±0.787 

wt 

0.233 
:1:0.001 

0.34 
±0.119 

0.403 
:1:0.229 

0.657 
±0.305 

0.313 
±0.274 

wt 

0.158 
±O.OOI 

0.402 
±O.OOI 

0.34 
±0.110 

0.833 
±0;212 

0.310 
±0.273 

wt 

0.14S 
±0.001 

0.390 
±0,151 

0.517 
±0.2§6 

0.12 
±0.094 

0.797 
±0.169 

wt 

0.263 
±O.OOL. 

0.397 
±0.156 

0.474 
±0.223 

0.797 
:1:0.633 

0.23 
±0.157 

B, Birth; wt, weight; the values on the diagonal are heritabilities. 
above the diagonal are phenotypic correlations and below the 
diagonal are genetic correlations. 

was moderate. Whereas rest of the genetic correlations were 
positive and high. 

The estimated heritability for weaning and 6 months 
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body weight were moderate with high and positive genetic 
and phenotypic correlation with their subsequent ages 
suggesting that selection for heavier lamb at these ages may 
ensure heavier lambs in subsequent generation also. So 
selection may be practiced at 3 and 6 months of age. 
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Continuous selection for celtain primary traits will bring 
appreciable changes in related traits, thereby affecting the 
over all performance at .the final generation. Dunnington 
and Siegel (1985), Pym et al. (1984) reported correlated 
responses in broiler traits supporting realized genetic 
correlations. Reproductive traits are influenced by selection 
for growth rate (Marks) 985, Siegel and Dunnington 1985). 

The present study was under taken to estimate the correlated 
responses in secondary traits in purebred broiler lines. 

Red Cornish line (lC-3) and White Rock line (JR-3) 
maintained as pedigreed closed flock at Central Avian Re­
search Institute, Izatna:gar, were utilized for the study. IC-3 
selection was based on the index including 4 and 6 week 
body weights, 6 week breast angle and 6 week shank length. 
Rock line was selected 011 the basis of Index including 6-
week body weight, 40 week egg production and 40 week egg 
weight. After 4 generations of selection correlated responses 
were recorded in secondary traits. In each generation on 20 

Table 1. Genetic and phenotypic responses for correlated traits in IC-3 and IR-3 

20wk bw (g) 40wk bw (g) %F %HT %HF Gen 

No. 66 99 66 99 66 99 66 99 
(n) X X X-C x-c x X X·C x X-c X x=c X-C -X X-C 

------------ .--------~--------------------------~~------~------~-----
Ie-3 
Gl 3160 
(877) 
02 3148 
(882) 
G3 3293 
(974) 
04 3141 
( 1137) 

b 8.8 
±SE 38.9 

IR- 3 

2402 

2404 

2312 

2281 

-45.5 
12.1 

430 

411 

558 

850 

141 
49.2 

G1 3010 2186 280 
(839) 
02 3148 2404 411 
(897) 
G3 3096 2362 361 
(1478) 
04 2733 2280 442 
(1541 ) 

b -88 24.0 43.6 
±SE 79.6 49.9 23.3 

316 

339 

358 

274 

-10.7 
18.3 

4530 

4564 

4603 

4598 

24.7 
6.34 

3483 

3710 

3573 

3485 

-13.1 
57.7 

490 

325 

881 

-147 

-136 
212.7 

469 

624 

662 

-301 

-228 
187 

85.24 -1.76 65.25 -4.00 

90.10 6.65 76.57 -720 

90.53 0.45 69.53 3.34 

91.43 15.49 17.53 17.09 

1.90 4.55 0.88 6.71 
0.72 1.67 2.48 3.81 

73.89 

84.98 

77.23 

77.14 

0,20 
2.57 

-5.01 

15.07 

6.76 

[,73 
4.94 

100 4450 3391 410 377 90.77 3.00 70.77 1.52 80.05 -6.95 

339 4564 3710 325 624 87.70 4.25 87.70 -4.25 85.7() 2.25 

408 4475 3633 753 722 90.52 0.44 90.52 04484.92 5.16 

273 4488 3410 -257 -376 88.27 12,33. 88.27 -12.33 84.41 -8.47 

58.8 2.5 -2.0 -157 -216 -0.47 2.42 1.52 ·0.29 1.23 -0.16 
59.2 26.8 195.7 201 225 0.78 6.05 4,87 3.45 1.08 3.68 

n, Population size, X, population mean, X - C, control deviated mean. 

Present address: ' Scientist, Project Directorate on Poultry, 
Hyderabad 500 030. 

2.3 Senior Scientists. 
and 40-week body weight, livability (6-week), feed effiCiency 
(6-week), dre~sing percentage (6-week), fertility and 
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hatchability traits were recorded on broiler breeders. 
Phenotypic responses were obtained by the regression of 

. generation mean on generation number, while genetic 
responses were obtained by the regression of control deviated 
means. Since chicks were obtained in more than one hatch 
in each generation, data was corrected for hatch effects by 
fitting least square constants (Harvey.1975). . 

Adult body weights 
On phenotypic scale responses for 20-week body weights 

were positive in Ie - 3 males and IR - 3 females (8.8 g and 
24 g) and are negative in Ie - 3 females (-45.50) and IR - 3 
males (-88.00 g). These responses indicated that positive 
phenotypic gains are likely to occur for 20-week body weight 
in both the lines. On genotypic scale responses for 20-week 
body weights are positive in Ie-3 males (141 g), IR·3 males 
(43.60 g) and IR-3 females (58.80 g). Since most of the 
responses are positive in direction genetic gains in 20-week 
body weight was expected due to selection forjuvenile body 
weights. On phenotypic scale responses for 40- week body 
weight are positive in IC-3 males and JR-3 females. Re­
sponses on genetic scale are negative in both the Jines. The 
positive correlated responses observed in this study for adult 
body weights are similar to those reported by Dunnington 
and Siegel (1985) and Pym et al. (1984). These responses 
explain the high estimated and realized genetic correlations 
among the growth traits. 

Fertility and hatchability traits 
Phenotypic response for fertility was positive in IC-3 and 

was negative in IR-3, while genetic responses are positive in 
both the lines. Positive responses for this trait may be 
attributed to low heritability of this trait as selection for body 
weight likely to reduce the feliility. Short term nature of the 
index may not have effect on the fertility. Phenotypic 
responses for hatchability traits are positive in both the Jines, 
while genetic responses are positive in le-3 and are negative 
in IR-3. Environmental effects are more in the heritability 
of fitness traits and this may explain the nature of correlated 
responses. In a long term selection experiment Marks (1985) 
and Siegel and Dunnington (1985) reported negative re­
sponses for these traits. Negative responses observed in JR-
3 for hatchability and fertility traits agree with the literature 
reports. 

Livability, feed r!:.tllciency and dressing percentage 
On phenotypic scale responses for livability are negative 

in both the lines. On genotypic scale responses are positive 
in le-3 (0,36±0.29) and are negative in lR-3 (-1.9J± 3.56). 
As none of the b values was statistically significant (Table 
2). Hence no interference can be drawn. Feed efficiency 
was positive on phenotypic scale, while genetic responses 
were revealed that feed requ irement to get 1 kg oHive weight 
is reduced. Similarly Pym and Nicholls (1979) and Wilson 
(1969) opined that selection for growth rate improves the 

Table 2. Livability, feed efticiency and dressing percentage in le-
3 and JR-3 

Gen. Livability% Feed efficiency Dressing percentage 
No. (6wk) (6wk) (6wkL~. __ 
(n) X' --x-C X X-c X X-c 
fe- 3 
Gt 91.92 -0.75 2250 320 67.78 -1.23 
G2 95.90 -0.80 2450 ·400 69.10 -0.001 
G3 94.55 -0.56 2300 -450 67.09 6.29 
G4 91.32 -0.59 2440 -670 70.42 0.02 

v ___ • ~_ •• _______ ._~~ ___ 

b -1.58 0.36 102 -110 0.74 1.004 
±SE 0.40 0.29 47.11 26.26 0.61 1.01 

-.-.------,------~~----. 

JR -3 
G1 96.32 4.30 2630 60 68.24 -1.44 
G2 96.75 4.19 2390 720 67.18 -1.00 
G3 97.42 -1.90 2710 140 68.96 -0.54 
G4 94.91 -0.05 2550 200 66.60 -0.62 _._---,.- ~, -~---.---.- ----_------,_._ 
b+ -0.36 ·1.91 8.0 -500 ·OJI 0.29 
±SE 0.52 3.56 74.62 347.56 0.54 (l.O9 

n, Population size, X, population mean, X-C. control deviated 
mean. 

feed efficiency. Phenotypic response for dressing percentage 
is positive in IC-3 and is negative in IR-3, while genetic 
responses are positive in both the Jines. This explains the 
effect of selection for growth rate on dressing percentage. 
Jaap et al. (1950) repolted that body growth is. the major 
factor increasing the yields of dressed and eviscerated 
carcasses. Genetic correlation between body weight and 
dressing percentage are high (rg=0.55, Muir 1963, Goodman 
1973). 
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Subabul (Lellcaena leucocephala) is a promising forage 
crop for the tropics. The potential value of leucaena as an 
animal feed is well established. The cost of conventional 
protein supplements is ever escalating with availability 
dwindling and there is an impending need to evolve an 
appropriate alterative for ruminant feeding. Subabul can make 
a suitable option because of its high nutritive value which is 
comparable to that of alfalfa forage (National Academy of 
Sciences 1977). Therefore the present study was undertaken 
to study and compare the effect of incorporating 50 and 75% 
of dried subabul leaf-meal in the rations of crossbred calves 
on nutrient utilization, nitrogen, calcium and phosphorus 
balances. 

Three complete rations containing 0, 50 and 75 % of dried 
subabul leaf-meal were formulated, CR~ 1 w'as a control, 
containing horse gram hay and other conventional feed 
ingredients in the ratio of75:25. In CR-2 and CR-3, 50 and 
75 parts of horsegram hay was replaced by dried subabul 
leaf-meal respectively. The complete rations were made 
isonitrogenous by adjusting the proporti9ns of groundnut­
cake (de oiled) and maize, 

The crossbred bull calves (weighing 201.77 ± 6.01 kg) 
for each experiment were used in a 3 x 3 latin square 
arrangement to evaluate the rations for nutrient utilization, 
nitrogen, calcium and phosphorus balances. Each period of 
latin square consisted of a 14~day preliminary and a 7-day 
collection period, 

Samples of complete rations, feed ingredients, leftovers, 
faeces were analyzed for proximate analysis as per AOAC 
(1980) method and cell wall constituents according to 
Goering and VanSoest (1970). Calcium and phosphorus were 

Present address: I Assistant Research Ofticer, Feed and Fodder 
Technology Division, Regional Agricultural Research Station, 
Tirupati 517 502. 

2Professor and Head, Department of Biochemistry, Rajiv Gandhi 
College of Veterinary and Animal Sciences, Pondicherry 605 009. 

JResearch Officer, Livestock Research Station, Garividi 532101. 

Table 1. Ingredient and chemical composition of complete rations 
containing dried subabul leaves on per cent dry matter basis 

CR-I CR-2 CR·] 

Ingredient composition 
Subabul leaf-meal 0 50 75 
Horse gram 75 25 0 
Groundnut-cake (deoiled) 18 6 0 
Maize 4 16 22 
Mineral mixture" J I J 

Salt 2 2 2 
Vitablendb 25 g 
Chemical composition 
Dry matter 95.56 95.54 94.96 
Organic matter 93.16 91.53 88.33 
Non protein organic matter 77.47 75.58 72.79 
Crude protein 19.98 20.05 20.09 
Ether extract 4.36 3.75 3.25 
Crude fibre 27.26 14.09 9.58 
Nitrogen free extract 42.02 53.65 55.42 
Total ash 6.83 8.46 J 1.66 
Acicl insoluble ash 0.62 0.73 0.93 
Calcium 1.46 1.80 3,20 
Phosphorus 0.81 .0.69 0.38 

o Aries brand of mineral mixture 
~VitllbJend (AD]) each gram contained vitamin A 50,000 ru 

and vitamin D3 5000 lU. 

determined according to Ferrb and Ham (1957) and Fiske 
and Subba Row (1975) respectively, 

The data were SUbjected to analysis of variance (Snedecor 
and Cochran 1968). Differences among treatment meanS were 
tested for significance by Duncan's new multiple range test 
(Duncan 1955). 

Chemical composition and cell wall constituents of 
subabul leaf-meal, was 89.79, 24.00, 4.00, 14.50, 46.05, 
J 1.45, 0.42', 2.81; 0.31,42.15,16.10,26.05,10,80 and 5.84 
for DM, CP, EE, CF, NFE, ash, AlA, Ca, P, NUF, ADF. 
Hemicellulose cellulose and perm angn ate lignin, respectively, 
on per cent drymatter basis, Ingredient and chemical 
composition of complete rations were presented in Table 1. 
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Apparent digestibility coefficients, plane of nutrition and 
balance of nutrients of rations containing different levels of 
subabul leaf-meal were present in Table 2. The DM 
digestibiJities were not different between CR-2 and CR-3. 
However, significant increase in digestibility of control ration 
was attributed to better quality of horse gram. Similar results 
were obtained by Gupta et ai. (1989) when subabul hay was 
fed at 0, 50 and 80 % in the rations of buffalo bulls. OM 
digestibilities decreased gradually from ration 1 to 3 as 
subabullevel increased. CP digestibilities were comparable 
among the experimental rations. Similar results were 
observed in buffalo bulls (Gupta el al. 1989) in bulls (Reddy 
et al. 1994) and in crossbred calves (Reddy el al. 1993). EE 
digestibility of rations 2 and 3 were significantly lower (? < 
0.01) than ration I and no significant difference was observed 
between rations 2 and 3. These results confirmed the reports 
Sudhakar and Rama Rao (1987) and Gupta et al. (1989). The 
variation in the present study is attributable to the presence 
of more pseudo fats like xanthophills, chlorophiUs and 
carotenoids present in subabulleaf-meal which are estimated 
as crude fat (EE). CF digestibility results were comparable 
to the results of Gupta et al. (1989). NFE digestibilities were 
not significantly different among treatments. Sudhakar and 
RamaRao (1987) and Gupta et al. (1989) also repOited non­
significant differences among NFE digestibilities of rations 
containing subabul. 

The differences in the digestibilities of cell wall 
constituents (Table 2) were in accordance with the cell wall 
constituent composition of complete rations and comparable 
to CF digestibility. 

The DMI of calves fed experimental rations were 3.40, 
3.71 and 2.67 for rations I to 3 respectively. DM intake in 
ration 3 was significantly lower (P<0.05) than that of rations 
1 and 2. However, there was no significant difference 
between rations I and 2. These results were 
com parable with the reports of Lawar and Patel (1986) 
and Muniga et a/. (1992). 

The DCP and TDN contents were 14.06, 61.45, 13.65, 
59.64 and 14.78,62. 18 % for rations 1 to 3 respectively. The 
DC? and TDN intakes of the calves were comparable to the 
nutrient requirements of growing calves at 200 kg body 
weight with an expected growth rate of 500 g (Kearl 1982, 
NRC 1988). The intake of DCP and TON of the calves in 
the present study are similar to the observations of Gupta et 
af. (198Gb), Chakrabolthy and Ghosh (1988), Reddy el al. 
(1993) and Reddy et al. (1994). 

Nitrogen intake was not significantly different among the 
rations. Similar results were reported by SLldhakar and 
Rama Rao (] 987), Gupta et al. (1989), and Reddy et al. 
(993). Nitrogen retention expressed as g/day, N retention 
expressed as per cent of intake or per cent of absorbed i.e 
apparent BY (%) were comparable among calves fed rations 
I to 3. 

Calcium intake was higher in calves fed ration 3. Calcium 

Table 2. Digestibility coefficients. plane of nutrition and 
balance of nutrients of rations containing different levels of 

subabul leaf-meal 

Parameters' CR-I 

Digestibility cf)'ejficienls 
DM* 62.78b±O.43 
OM* 63. J4h±O.34 
CPa 70.39±().34 
EE** 63.45"±O.23 
CF* 48.87b±O.22 
NFE" 63.93±O.39 
NDF* 53.61 b±O.62 
ADF** 39.02h±0.32 
Hemi- 71.25b±0.63 

cellulose** 
Cellulose** 51.39b±(l.30 

P/clI1e a/nutrition 
DMJ 3 .40b±(). 1 I 

(kg /100 kg B.Wt)* 
DCP%" 14.06±2.11 
TDN%" 61.45±2.89 

Nitrogen balal1ce (g/day) 
Intake" 174.83±19.23 
Retained" IOS.83±11.22 
Retained 60.57±0.29 

as % of intake" 
Apparent 78.54:1:().48 

BV(%)" 

Calcium balanc!! (g/day) 
Intake" 82.30±8.91 
Retained" 45.64:1:5.11 
Retained 55.411>±0.29 
as % intake** 

Phosphorus balance (g/dayJ 
Intake** 44.991>±4.41 
Retained** 27.60"±2.79 
Retained 62.72b±0.05 

as % intake** 

CR-2 

59.14±O.51' 
59.53"±O.27 
68.01:~O.61 

55.5 J<±0.36 
45.09'±0.44 
61.77±O.79 

44. 24c± 1.81 
33.26'±0.39 
72.06b±O.30 

46.90h±O.46 

3.71"±O.17 

13.65±0.86 
59.64±3.12 

210.95:1:18.97 
123.39±10.61 

5S.52±0.53 

71.76±O.80 

113.IS±11.69 
56.60±5.88 

50.00":1:0.03 

44.13h±5.34 
24.96b±3.05 
56.54c±O.08 

CR-3 

60.89bc±O.27 
57.3h'±(),45 
73.58±1.02 

50.47'±O.33 
40.46"±O.25 
64.88±O.57 

36.69'±O.85 
27.46"±O.41 
60.S2c±0.IS 

4I.W±O.21 

2.67'±O.24 

14.78±1.12 
62.18±2.62 

151.67:1:32.11 
95.98:1:20.12 

63.32±0.88 

SO.24±O.97 

140.40±28.93 
62.81±13.16 
44.68"±-0.31 

SE± 
Means 

(l.40 
0.57 
0.82 
0.46 
0.52 
0.84 
1.44 
!1.14 
0.26 

0.33 

7.57 
5.83 
0.71 

1.16 

I 1.13 
7.23 
OJI 

14. 93"±3 .15 1.36 
9.40"± I. 98 0.71 

62.96h±O.14 O.()6 

"values ill the rows arc not signilicantly different (P>().05): 
b"lvalues in the rows bearing eli ITcrcnt superscripts differ 
significantly; * P«0.05); ** P«O.OI). 

retention expressed as g/day was not significantly different 
among calves fed different rations. However, calcium 
retention when expressed as per cent of intake, was signifi­
cant different among the treatments. Bhaskar et al. (1987) 
and Reddy et al. (1994) reported positive calcium balances 
in animals fed subabul leaf-meal. 

Intake of phosphorus decreased with increased level of 
subabul in the rations 2 and 3 compared to the control ration. 
The retention of phosphorus expressed as g/day was 
significantly lower in calves fed ration 3. Phosphorus reten­
tion expressed as per cent of intake was significantly lower 
in calves fed ration 2 (P>0.05). The present observations 
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are similar to the results reported by Bhaskar et al. (1987) 
and Reddy et al. (1994). 

The present study revealed that subabul can replace lip to 
90 % of CP of rations in crossbred bull calves without 
affecting the nutrient digestibility, nitrogen, calcium and 
phosphorus balances. 
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Aflatoxins are the secondary metabolites produced by 
some strains of moulds namely Aspergillus f!uvus and A. 
parasiticus during their growth on feeds, foods and variety 
of other biological materials. Four naturally occurring afla­
toxins, viz. BI. B~, Gland G~-are produced exclusively by 
the moulds. Aflatoxin BI is found in the highest concentration 
and the most potent toxin (Wogan et al. 197 I). Exposure of 
domestic animals to aflatoxins may lead to growth 
retardation, reduced feed consumption. lower reproductive 
rate. impaired resistance to infectious disease, reduced 
vaccination efficiency, low-milk yiel9 and enhanced 
pathological damage to liver and other organs. No systematic 
studies have been reported on response of Indian dairy 
cow to the ingestion of aflatoxin B[ through naturally con­
taminated rations on feed consumption of cow and buffalo 
and other species of milch animals under Indian conditions. 
Therefore, study was planned to evaluate the effect of aflatoxin 
BI on feed consumption. 

Indian cows (10; Kankrege) of 5 to J 0 year of age and at 
different stages of lactation, were selected randomly from 
the herd of the Gujarat College of Veterinary Science and 
Animal Husbandry, Gujarat Agricultural University, Anand 
campus, Anand.They were divided into 5 groups of 2 cows 
each. The cows in each group were allotted as one of the cow 
yielded relatively lower milk than the other cow in same 
group and uniformities were maintained in the groups. 
Various lots of compound cattle feeds \Vas used as basic ration 
and deoiled groundnut-cake having high level of aflatoxin 
BI was used to raised the level of aflatoxin B[ in various 
treatments. The other ingredients, viz. rice bran, rice polish, 
molasses, mineral m ixtl1l'e and salt were added as pel' the 
standard practice to make the rations complete. The variolls 

Present acldre!Ss : I Dairy Chemistry. Colkgc ofDni,y Technology. 
IGKVV. Krishak Nagar. Raipur. 

)Principal. ) Senior Research Assistant. IResearch 
Scienlist.Depal'tlllenl of Animal Nutrition. College of Veterinary 
Science and Animal Husbandry. Anand, C.iujarat. 

Table 1. Proportions of different ingredients in variolls rations 
formulated for fceding trials 

Feed quantity take'~~?r fO_I"~~I1a!i_?_~_~~~0~~s (k_pl 
ingredient ~ntl~ ____ .~~_ Tl . __ ~,_ ____ ~I-~ 

CQl11pound cattle 80.00 
Feed (Amu/danJ 
Rice polish 20.00 
Deoiled rice bran 
Deoilcd-groundnut-

eake DOC-LL 
Deoiled-groundnLlt-

cake DOC-I-I"L 
Molasses 
Salt 
Mineral mix 
Aflatoxin BI 

(J.l\kg) calculated 10.00 
Analyzed 12.50 

45.00 

30.00 

8.00 

4.00 

10.00 
1.00 
2.00 

26.00 
25.00 

35.0() 

20.00 
15.00 
6.00 

11.00 

10.00 
1.00 
2.00 

56.40 
52.53 

5.00 5.00 

20.00 
35.00 50.00 
10.00 9.00 

17.00 23.00 

10.00 10.00 
1.00 J .00 
2.00 2.00 

81. 10 108.50 
77.90 108.40 

feed ingredients and their proportions used in formulation 
of different rations (Tab Ie 1). 

AnalysiS qf(eed and feed ingredients for aflatOXin B I 
Aflatoxin BI was analyzed as per the method described 

by the Bureau of Indian Standards (IS: 13427: 1992). The 
formulated C()I1centrate rations having aflatoxin B content 

• I 

of 12.50.25.00,52.53, 77.90 and 1 08.45 ~Lg/ kg were desig-
nated as control (C) ,treatment ,(T,), treatment 2 (T

2
), 

treatment J (T) and treatment ~ (T) respectively (Table 1). 

Feeding schedule of lactating cows under different 
. treatments 

Experimental rations (concentrate mixture) were fed to 
tile selected cows during the study as per the feeding schedu Ie 
proposed by Sen et al. (1978).AII the 10 Inctating cows in 
the 5 different groups, viz. control, T, T" T and T were I _.1 4 

first put on the control ration for 15 days and thereafter. the 
cow were put on rations formulated for different treatments. 
The entire feeding experiment was divided into 3 phases, 
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Table 2 . Effect of aflatoxin B, levels in feed on thc feed 
consumptions by cows in 3 phases ofthc experimcnt 

Treatment Feed consumption (kg/day) 

levels Phase I Phase 2 Phase 3 Pookd 

Control 3.80 3.91 3.58 3.763 
T, 4.23 3.85 3.35 3.808 
T2 4.00 4.00 3.50 3.835 
T, 4.00 3.49 3.04 3.512 
T4 3.43 3.18 2.85 3.152 
SEm (±) 1.015 0.942 0.777 0.095 
CD NS NS NS 0.267' 
CV (%) 16.69 14.24 6.43 11.75 

* Significant at 5% level. 
NS, Nonsignificant values are the average of 8 days. 

viz. phase 1, phase 2 and phase 3. During phase I, ~he cows 
in the respective groups were fed rations control, TI, T1

, T, 
and T4 for 7 days (treatment period) and on the eighth day, 
the cows in all the 5 groups were fed the control ration for 
next 7 days, i.e. residual period (Table 2). Thus, each feeding 
schedule was repeated thrice on the same group of cows which 
gave 6 observations under each treatment. Observations 
recorded during the experiment group in split-split plot 
design proposed by Steel and Torrie (1980). 

Cows on control feeding showed no apparent effect on 
the feed consumption ( Table 2). However, the feed intake 
data elucidate that in cows under TJ' T2, T. and T4 there is a 
gradual reduction offeedintakewhen the animals moved on 
from phase I to phase 3. Similarly, when the results of the 
pooled averages of 3 phases are analysed, significant (P < 
0.05) reduction in feed intake observed. The results, thus, 
suggest that a long-term feeding schedule of increasing levels 
of aflatoxin BI through feed gradually reduce the feed intake 
by the animals. 

Studies reported on the effects of intake of various levels 
of aflatoxin BI in relation to feed consumption are only few. 
Jones and Ewart (1979), while studying the effect on milk 
production associated with consumption of decorticated and 
extracted groundnut meal contaminated with aflatoxin BI 
(0.02 mg/kg), observed that feed intake in a herd of 40 
Friesian cows reduced due to the consumption of 
contaminated ration. Approximation of this value as of total 
aflatoxin BI ingested per day by an animal was 360 )lg. 
In a study to determine the effect of mycotoxins upon 
rumen functions of lactating dairy cows, Mertens (1979) 

reported that when cows were given I 10 or 330 ~lg of 
aflatoxin BI Ikg of body weight daily for 5 days, a significant 
drop in feed intake was observed as compared to the cows 
under control group. Similarly Applebaum ef at. (1982) 
studied responses of dairy cows to dietary aflatoxin and 
observed that fluctuations in feed intake occurred during 
treatment period iil those cows receiving 13 mg of impure 
aflatoxin B/day. Similarly, Polan et al. (1974) fed 
approximately 20 Ilg aflatoxin B/kg of body weight through 
feed concentrate and observed that there was no change in 
the appetite of the cows. Thus it is concluded that aflatoxin 
BI ingested through feed significantly (P < 0.05) reduced the 
feed consumption. This suggests that possibly feeding animals 
with increasing levels of aflatoxin B, gradually reduced the 
total feed consumption. 
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hl In.d\a, due to cto'.>s\)Yeening progt'nmmes and b~tter 
animal management practices, there is an increasing demand 
for proteins in animal feed. The annual requirements as 
projected are 25.4 million tonnes of concentrates, 353.0 
million tonnes of dry fodder, and 308.1 million tonnes of 
green fodder. However, only 16.5 million tonnes of 
concentrate, 300.5 million tonnes of dry fodder and 261.0 
million tonnes of green fodder are available (FAO 1994). 
Further, National Commission of Agriculture (1976) 
declared that there will be a considerable deficit of green 
fodder and other good proteinaceous sources by 2000 AD. 
Therefore, it is logical to think that there is an urgent need 
for building up animal feed resources. Leucaena 
leucocephala is a multipurpose tree species which may 
contribute towards additional feed and fodder availability in 
India. It is vigourous, rapidly growing, drought tolerant, 
palatable, high yielding and its leaves contain 20-30 % of 
CPo It can increase the rate of productivity per unit of land 
in terms of variety of products including milk, meat, fuel, 
food and timber. Since it is a perennial crop, it can be chopped 
8 times a year and this can be used as feed supplement during 
lean periods of the year when there is scarcity of green forage. 

Alopecia, loss of appetite, excessive salivation, in­
coordination of gait and enlarged thyroid were observed in 
buffalo calves fed on leucaena (Letts 1963). Decreased dry­
matter intake, reduced we'igl1t;'g~in, alopecia and in coordi­
nation of gait were alsb ohs'ervhnn buffalo calves fed on a 
diet containing 40 % letit~ciria:(GliPta el al. 1992). Lohan et 

al. (1988) reported ad';'¢r~~ ~tfetts on sperm motility and 
growth in breeding buII~,,'; .. ,':.. ' 

Keeping the above faCts in view, the present investigation 
was undertaken. 

Growing male kids (15; Alpine x Beetal), 3-month-old, 
weighing 7.5 to 21 kg, maintained at the institute, were 
randomly divided into groups A, Band C, so that the average 

. "Part of M.Sc. (Animal Genetics and Breeding) Thesis of the 
First Author. 
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Tahk l. Fmmll!atllJn of the clJncentratc mixtures 
-.~------- ---. ---,----------
Ingred ients of Group A Group B* Group C** 
concentrate (control parts) (parts) (parts) 

Maize 50 27.5 22 
GNC 38 19 0 
Leucaena seed 0 25.5 55 
Wheat bran 9 25 20 
Mineral mixture 2 2 2 
Salt I I I 
Total 100 toO 100 
CP on DM basis 21.735 % 21.7075 % 21.73 % 

* 50 % of the protein supplied by GNC in the concentrate 
mixture ofgroup A (control) was replaced by Leucaena leucocephala 
seed in group B;** 100 % of the protein supplied by GNC in the 
concentrate mixture of group A (control) was replaced by Leucaena 
lr.ucocephala seed in group C. 

body weight of all the groups was approximately same. The 
Leucaena leucocephala seed used for this study was procured 
from BAIF Development Research Foundation, Urlikanchan. 

Three concentrate mixtures were prepared for group A 
(control) and experimental groups Band C. All the 3 
concentrate mixtures were isonitrogenous ( Table I). Prior 
to the commencement offeeding trial, the mimosine content 
of the 3 concentrate mixtures was estimated by colorimetric 
method. 

Animals of all the 3 groups were fed with the respective 
concentrate mixtures and berseem fodder as per NRC 
requirements for 2 months. Body weights of the animals 
were taken at the commencement of the experimel1t and then 

Table 2.Cl'ude protein of various feed ingredients lIsed in 
formulation of concentrate mixture (on DM basis) 

Feed ingredients Crude protein 
-------------------------- --------------
Maize 
GNC 
Leucaena seed 
Wheat bran 

9.70 % 
41.25 % 
30.72 % 
13.50 % 
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Figs 1-2. 1. Rough coat in goat of group C. 2:Alopecia at the 
neck region in goat of group C. 

at 15,30,45 and 60th day offeeding; Weighing was done in 
the morning before offering feed and water. Animals were 
also observed for alopecia, frothing and ulceration in mouth, 
convulsions, rough coat etc. 

The data were analyzed to study the effect of time, i.e., 
duration offeeding and level ofmimosine on the body weight 
of animals of the 3 groups (Sarders 1990). 

The CP estimated in maize, GNC, wheat bran was 9.70, 
4l.25, 13.50 % on dry-matter basis respectively. CP in 
leucaena the seed was 30.72 % on dry matter basis (Table 2). 

Mimosine'content in the COllcentrate mixtures of groups 
B .and .C was 0.908 and 1.6 % respectively (Table 3). The 
mlmosme was between 2.9 to 3.6 % in the seed. This finding 

Table 3.Absorbance and mimosine content (%) in the standard 
solution and concentrate mixtures 

Sample 

Standard mimosine 
Concentrate mixture B 
Concentrate mixture C 

Absorbance 
(535 nm) 

0.2235 
0.07805 
0.14235 

Mimosine 
content (%) 

100 
0.908 
1.600 

Table 4. Body weights of the animals of ditTerent groups at 
fortnightly intervals 

Animal No. Oth 15th 30th 45th 60th 
day day day day day 

Group A 
AB415 7.5 Died 
AB417 14.5 14.8 15.0 15.5 16.0 
AB411 16.0 16.3 17.5 17.5 18.0 
AB413 17.5 17.8 18.0 18.5 19.5 
AB404 21.5 22.0 22.5 22.5 22.0 

Mean± SE 15.4 17.7 18.2 18.5 18.9 
± 2.04 ± 1.34 ± 1.35 ± 1.27 ± 1.09 

GroupB 
AB40'3 13.5 B.O 1 \.0 14.0 \3.5 
AB409 14.0 13.6 14.5 14.3 13.5 
AB400 15.0 14.0 14.5 14.7 15.5 
AB418 16.5 16.5 16.0 165 160 
AB405 19.5 19.0 190 192 IS 5 

Mean ± SE 15.7 15.2 15.0 157 15.4 
± 0.96 ± 1.00 ± 1.15 ± 0 86 ± 0.82 

Grall-pC 
AB414 12.0 12.5 11.0 11.0 11.5 
AB412 13.5 13.0 15.0 14.5 145 
A~41O 15.0 15.5 16.0 15.5 120 
AB396 17.5 16.0 17.0 16.0 16.5 
AB401 21.0 20.0 19.0 IS.5 17.5 

Mean ± S.E. 15.8 15.4 15.6 15 1 14.4 
± 1.4L ± 1.19 ± 1.18 ± 1.08 ± 1 06 

was simiI~r to the reports of Gupta and Raheja (1986), 
Chakraborty and Chhabni (1988), Gampawar et al. (988). 
. There was an increase in body weight @ 0.02475 kg/day, 
tn group A and decrease in body weight in groups Band C 
@ 0.00499 kg/day and 0.0233 kg/day respectively (Table 4). 
The change was not significant in all the groups when 
compared between days within groups. When compared 
between groups change was significant between A and C at 
10 % level of significance (Table 5). 

The decline in body weight in groups B and C tMugh not 
significant is similar to the reports of Gupta et al. (1983) in 
sheep; Thirmalai (1991) in yattle heifer; Girdhar et at. (1991) 
in Black Bengal goats; Ram et aJ. (1994) in calves. 

In the present study, clinical symptoms like rough coat 
(Fig. 1) and alopecia (Fig. 2) were observed on 30th day of 
feeding in group C as reported earlier by Joshi and Upadhyaya 
(1976) in sheep; Pauchari and Pathak (1989) in calves. 
Frothing and ulceration in the mouth and convulsions were 
not observed as reported by Prasad (1989) and Pachaud and 
Pathak (1989). 

However, the alopecia disappeared within 7-8 weeks of 
feeding which indicated that the animals were adapted to 
mimosine and are capable of degrading mimosine and 
3,4-dihydroxy pyridone. This is in conformity with the report 
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Table 5. Mann-Whitne(s test to find o~t t~le difference in body 
weight between groups withm days 

Days' Group 10% level 5% level 
combinations of significance of significance 

Oth AB NS NS 
BC NS NS 
AC NS NS 

15tb AB NS NS 

BC NS NS 
AC NS NS 

30th AB NS NS 
BC NS NS 
AC NS NS 

45th AB NS NS 
BC NS NS 
AC NS NS 

60tb AB NS NS 
BC NS NS 
AC S NS 

NS, Nonsignificant; S, significant. 

of Gupta (1995), where he concluded that cattle would acquire 
substantial DHP degrading ability by 21st day of gradual 

adaptation of Leucaena Zeucocephala, 
Animals of group A (control) suffered with coccidiosis in 

the early days ofthe trial which may be one of the causes for 

lower rate of increase in body weight of animals. Animal 

NQ. AB 415 died due to coccidiosis and pneumonia on 14th 

day of trial (Table 4). Coccidiosis was treated . 

Further, no toxicity was reported in goats ( Kraneveld 
and Djaemoedin 1947), sheep (Owen 1958), Hawaiian goats 

(Jones and Megarrity 1983), buffaloes (Kapoor et al. 1983) 
and Black Bengal goats (Chakraborty al1d Ghosh 1988) on 
mimosine feeding. Hence, Leucaena leucocephala could be 

fed to goats to increase the rate of productivity per unit of 

land in terms of products including milk and meat. 
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Gliricidia (Gliricidia lnC/cuIala), a medium sized, quick 
growing and deep rooted tree legume, mostly grown as 
live fence support plant for vines of black pepper and shady 
tree for the population in tropics and subtropics. The leaves 
can be harvested at every J to 4 months interval which is a 
palatable fodder for ruminants and could be used as a protein 
supplement (Ranjhan 1980). Smith and Van Houtert (1987) 
reviewed the feeding value of Gliricidia sepium as a live­
stock feed and concluded that it has a high nutritive value 
for ruminants. The potential of gliricidia leaf-meal as a fOdder 
has not been fully exploited in India except in some hilly 
areas hence the present study was carried out to determine 
the nutritive value of gliricidia leaves for goats. 

Shade-dried gliricidia leaves were fed as sole diet to 6 
adult local goats in an attempt to assess its nutritive value. 
Since the DMI with gliricidia leaves as sole diet was quite 
low, they were fed along with chopped sorghum straw ill 1: 1 
ratio on dry-matter basis and the nutritive value of gliricidia 
leaves was calculated by difference method. Feed and faecal 
samples were analyzed for proximate composition (Table) 
and phosphorus using AOAC (1985) procedure. Calcium was 
estimated according to the method of Talapatra et al. (1940). 

Nutritive value of sorghum straw was taken from an()ther 
experiment conducted in the same laboratory (Sriramam~rthy 
1992) on same bucks. The apparent digestibility coefficient 
values of sorghum straw in goats fed as sole diet for DM, 
OM, CP, CF, EE and NFE were 56.45 ±2.86, 57.22 ± ~.88, 

25.39;1: 3.0~, 69.89 ± 9.99, 48.75 ± 5.95 and 48.03± 4.45 % 
respectively. Digestibility coefficients and nutritive value of 
combined ration was estimated first and by difference method 
nutritive value of gliricidia leaves for goats was calculated. 

The proximate composition of gliricidia leaves recorded 
in the study was comparable with the results reported by 
Murugan et af. (1985), Dharia et al. (1987), Majgoankar et 
at. (1990), Rao et at. (1993) and Perera et al. (1994). 

The average digestibility coefficients and balance of 
various nutrients in goats fed with combined ration (Gliricidia 
leaves + sorghum straw in 1: 1· ratio) \.vas presented in Table 
2. DMI of experimental animals and digestibility coeffioient 
ofDM, OM, CP;CF, EE and NFB bfcombinedration were 
comparable to the reported values of Kantharaju and 
Chadhokar (1981a), Murugan ~t af. (1985), Ash (1990); Ifut 
et al. (1992), Bosman et al. (1995) al1dRichards ~t al. 
(1994a). All the experimental animal, were on :positivf,l 
nitroge~,. calcium and phosphorus .balance. The DCP and 
TDN content ·of the combined ration was 8.95 and 51.33 % 
for goats. The intakes and corltent of DCP and TDN 011 this 
ration were higher than the recommended values pf lCAR. 
(1985). . 

Digestibility and nutritive value of gliricidia leaves 
calculated by difference method (Table 2) were 53.51 ± 2;01, 
59.87 ± 1.80, 79.32 ± 3.78, 58.81 ± 2.79,31.57 ± 2.69 53.58 
± 3.31, 16.99± 0.80 and 56.91 ± 2.15 for DM, OM,'CP, CP. 
EE, NFE, DCP and TDN respectively. Giiricidiahaving 16.99 

Table 1. Chemical composition of gliricidia leaves and sorghum straw, per cent On dry-matter basis 

OM OM CP CF EE NFE Ash· AlA Ca P 
--~--------------~-------------~--------------------------

Gliricidia leaves 
Sorghum straw 

90.34 89.68 21.42 24.59 11.58 32.09 10.32 1.93 4.21 0.94 
94.80 81.54 3.56 35.86 0.88 41.24 18.46 5.32 0.66 0.13 

Present address: 'Assistant Research Ofticer, Feed and Fodder 
Technology Division, Regional Agricultural Research Station, 
Tirupati 517 502. 

zProfessor and Head, JAssociate Professor. Department of Feed 
and Fodder Technology. College of Veterinary Science. 

% DCP for goats was excellent source ofpro~ein supplement, 
but moderate in TDN content (56.91 %), hence it requires 
supplementation of energy source while feeding, especially 
when used along with low quality crop residues. . 
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Table 2. Average digestibility coefficients and balance of various 
nutrients in gQats fed gliricidia leaves and Sorghum straw 

(combined ration) and gliricidia leaf-meal (by difference method) 

Parameters 

DM intake 

Gliricidia leaf-meal 
+ sorghum straw 

2.92±0.11 
/100 kg body weight (kg) 

Water intake (L/kg DMI) 2.96±O.36 

Nutrient digestibility (%) 
OM 53.26±3.87 
OM 58.60±O.94 
CP 71.64±2.95 
CF 65.38±1.J2 
EE 33.18±2.46 
NFE 50A7±3.17 

Nutritive value (%) 
OCP 8.9S±OAO 
TON 51.33±1.39 

Balances (glday) 
N 8.52±0.80 
Ca 7.77±O.66 
P 1.76±0.21 
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ABSTRACT 

Length trequency samples collected from October 1992 to March 1996, on major landing centres of Khoozestan 
province have been analyzed, using ELEF AN and other softwares. Pampus arge~teus is a high-p~ipeti ~sh in the 10c~1 
and neighbouring markets. Biological parameters have been estimated for avaJlable data. Relative Yield per recrUit 
analysis and Thompson and Bell length-based predictive model have been applied to the data. Growth parameter (K) for 
the available data is estimated to be I and asymptomatic (fork) length 35.6 em. Natural and total mortality rates were 
estimated to be 1.5 and 3.~, respectively, for the period of stU?Y. The r~sults showed that at present, this species is fished 
at or near its MSY level and there should not be any further Increase In the effort to catch P. argrmteus. 

Key Words: Fisheries, Pampus argenteu$, Persian Gulf, Silver pomfret 

The fishery is mainly a gillnet fishery with the most 
valuable fish in demand in Khoozestan Province Pampus 
argent.ells. Because of tile. high demand for this fish and its 
high market price in Khoozestan and neighbouring countries 
(Kuwait and U A E ), there has been an increase in the level 
of effort to catch P.argenteus. Mean annual landing of 
P. argenteus has been estimated to be about 780 metric tonnes 
in recent years . The length-based method seems to be the 
best applicable way to assess P. argenteus stocks, although 
some authors have noted the possibility of a right-hand­
selection in P. argentells samples from commercial catch 
(Mathews C P). Since 1994 a 45-day ban period has been 
implemented for P. argenteus in ·northern coasts of the 
Persian Gulf including Khoozestan waters. The ban period 
starts from early May and ends on 21 June. 

MATERIALS AND METHODS 

Length frequency data from October 1992 to March 1996 
were collected on a monthly basis from the landed gillnet 
catch at major commercial landing centres in Khoozestan 
Province . The lengths were measured from the tip of the 
snout to the point where the caudal fin divides (fork length), 
to the nearest cm below. Length data were grouped in I em 
classes and were arranged in ELEF AN and LFDA package. 
Since the LlF data used in this study have mostly come from' 
catches done by gillnets, they were corrected for selectivity 
of gillnets. The data were also smoothed for the probable 
noises in the length frequencies (5 point running average 
method). 

Using available computer sofiwares, von Bertalanffy model 
[Lt=LO(' (l-e-k(t-to»] was fitted to the available data. The 

Table 1. Estimated population parameters for P.argenteus 

Li K Z 
Catch 

Z 
Pooled 

M 
(Pauly) 

F E e 

curve catch curve 

Oct.92-Mar.96 
(raw data) 36 0.9 3.2 2.8 1.45 1.75 0.55 1.1 3.06 

Oct.92-Mar.96 
(smoothed and corrected data)35.6 -0,33 3.3 3.3 1.5 1.8 0.55 1.1 3.10 

Length-weight parameters used (Parsamunesh et at. 1995) in calculations: a; 0.020056 , b=3.162 (W=aLb). 

Present address: I.~.) Research Scientists, Khoozestan Fisheries 
Research Centre. 

species stUdied, considered to have no seasonal oscillations 
in its growth pattern. For finding the best set of parameters, 
ELEFAN , SLCA and Projection Matrix methods were used 
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Fig. I. Relative yield per recruit curve for different leveJs of 
mortality rates for corrected and smoothed data from October 1992 
to March 1996. 

(Gulland and Rosenberg 1992). Separate runs of the 
programme were used to estimate the best set of parameters 
for different sets of data. Each set of calculations were fun 
using raw and corrected-smoothed data, and in each case, 
according to the scores (such as ESP/ASP in ELEFAN) ob· 
tained, best set of parameters was chosen. 

Mortali.ty rates were estimated by using ELEFAN II 
subroutine. Total mortality (Z) was estimated by llsing de· 
scending right hand limb of length-converted catch curve, 
The mortality estimation calculations were also made by the 
use of pooled LlF samples. Natural mortality (M) was 
estimated by Pauly formula (Pauly 1980) (mean annllal 
temperature was calculated to be 23°C for Khoozestan 
waters). Recruitment pattern was also determined by this 
subroutine. Fishing mortality (F) was estimated from the 
equation: F=Z ~ M and exploitation ratio from: E= F ! Z 
(Ingles and Pauly 1984). 

The (p value (Sparre and Venema 1992) was also calculated 
for each set of parameters (cp / = log K + 210g L 00), 

Length-based relative yield per recruit analysis was carried 
out and F 0.1 was calculated for each set of data. Where a 
yield per recruit curve continues to increase, or approaches 
a broad, flat"topped maximum, the optimum fishing mortal· 
ity is sometimes taken to be the value at whicl1 an increase in 
one unit of F increases the catch by one-tenth (0,1) of the 

Table 2. Results of applying Tholllpson and Bell ModI!! for 
P. argelliC!lIs datu 

(L5()~'o=I2.S em. L75%=\3.77 cm. Fmux.=I.R) 

X Yidd Mean biomass 
---~---~--- --------~. --- _---~" 

0.0 0,00 4739.38 
0,2 1113.70 3240.27 
0.4 1601.85 2369.73 
0.6 1812.84 1821.86 
Cl.S 1892.06 1455.65 
1.0 ]l)()6.lJl 1199.09 
l.2 1887.19 1012.43 
1.4 1852,24 872.34 
1.6 1809,97 764.42 
1.8 1765. !D 679.42 
2.0 1720.20 611.19 
--.~-~- ---------_. __ 

amoun1 caught by the first unit of F. In other words, the 
optimum level of F occurs at the point where the slope of the 
yield curve is 0.1 of the value of the slope at low levels of 
fishing mortality, This value is F

llI
, The total allowable fishing 

efforts are based on Fa I as this is believed to be a more robust 
and conservative replacement for Fmax (King 1995), 

Length-based Thompson and Bell model was Llsed for 
determining MSY and FMSY values, 

RESULTS AND DISCUSSION 

Best set of parameters estimated for each set of LlF data 
are listed in Table l. Table 2 sllmmarizes the results of 
applying Thompson and Belll110del to all available LIP data. 
Separa1e estimates of growth and mortality rates fo), each 
year arc also presented in Table 3 . 

Range oevalues for K is 0.9 to I ! year for different data 
sets (Table I), which shows that P,argenteus is a relatively 
fast-growing species, These values arc higher, compared to 
Table 3 . Annual estimates of growth and ll10rtality rates tlli' lhe 

availahle LJF data of P wgentC!lIs 

K L¥ F M z E 

1993 1.06 38 -0.52 3,5 1.5 5,36 0.7 
1994 1.12 42 2.6 1.6 4,2 0.62 
1995 0.85 35 -0.8 1.2 1.4 2,6 0.46 
.. _-- --"--~---~~"-----'-'- .. 

the growth rates reported by Herianti et a/, (1986) , Lee et 
aI. (1992) , Khoozestan shallow coasts seem to be a nursery 
ground for P.argenteus and this might be the reason of the 
high K value obtained in this study, The exploitation ratio is 
about 0.5 which is a reasonable value and the value of Fill 

is abollt 1.1 . Fig. I shows the relative Y /R curve for different 
levels offishing 1l100tality for the present length at first capture 
CLc= 12,5 cm F.L.) for the gillnets llsed in the area to catch 
P. argenteus. 

The results of applying Thompson and Bell model to the 
available data also shows that the FMSY is on the present 
effort level and the exploitation ratio arso indicates the same 
point. Relative yield per recruit ntlalysis shows that F 0.1 is 
on the point where the fishing mortality rate is 1.1 , 

Although automatic analysis of tile recnIitmcnt ratteI'll 
(ELEFAN [1) showed 2 peaks ( in October with 27.0')'0 and 
in March with 5.6% of the recruitment), LlF data show the 
existence of small fishes (less than 10 em F.L.J nearly year­
round, The recruitment peak in October is almost 
synchronous with the period of high catches reported by the 
fishermen. Morgan (1982) in the same way suggested tbat 
P.C/rgcl7tclls spawns throughout the year, which is in 
accordance with our LlF data, 

Results revealed here show that P. (/rgentclIs is presently 
fislJed at 01' near its MSY and there should not be any increase 
in effort to catch it. Implementation ofthe 45-day ban period 
from 1994 has decreased fishing l1loltality to the level of I ,2 
which is near the F 0.1 value obtained from this analysis. 
Thompson and Bell model also implies the same, therefore 
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it could be concluded that P. argenteZls catch is at or neal' its 
MSY level. Results of automatic analysis of the recruitment 
pattern (two annual peaks of recruitment) are apparently not 
in line with the presence of small individuals year-round, 
which needs more studies to be carried out in this field. 
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Preliminary feeding trials on juveniles of golden mahseer, Tor putitora (Ham.) at 
different stocking densities with artificial dry pellet feeds 
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ABSTRACT 

Forscicntifical[y managed culture techniques and maximizing the production of healthy stocking material ofdt!p[eting 
Himalayan mahseer. 6 artificial feeds werl: fonnulatcd and compounded. The feeding experiments were conducted on 
hatchery reared hatchlings, advance fry and fingerlings and also on lhe juveniles of this species collected from wild waters. 
Artiiicial feeds of 21.4-50.2% prolein levels revealed a better growth and high survival having 45.4(Yo crude protein. A 
positive correlation was obscrvt:d hetween the dietnry protein content and the overall performance ofthe conversion rmin. 
Impact of dil'l'eren 1 densities for the better culture performance in various juvenile stllges have also been worked out. Th<.l 
present comlUunication reviews the practice of conventional diets and scope of nutritional manipulation of present tested 
practical diets Lo evolve cost-eftbctive strategies for taking l11ahseer 1'01' aquaculture, 

Key words: Agriculture dry pellct. Golden mahst!cr. Stocking dcnsitit!s, T(l/' fl1t(ilora 

There is hardly any information avai lable on the artificial 
feeding of golden mahseer (Tor putitora) barring prelimi­
nary works by Joshi et al.(l989), Raina et al. (1993) and 
Sunder et C//. (1993) Since Tor putito/,a is a slow growing 
fish in Himalayan uplands, the nutritive diets can playa vital 
role at nursery rearing stages of the species to promote the 
growth in captivity for production of suitable sized stocking 
material and for further aquaculture. 

Experimental feeding trials with 6 different laboratory 
prepared feed formulations vis-a-vis wet and conventional 
diets 011 young stages of golden mahseer have been conducted 
to study the overall fish survival, feed efficiency, conversion 
rate, growth performance etc. 

MATERIALS AND METHODS 

Test diets (Nos 1-6) were formulated using various 
ingredients in different ratios and combinations as follows: 
Soy-meal (35-60%), rice/wheat starch (0-15%), silk worm 
pupae (0-20%), casein (0-50%), gelatin (0-4%), yeast (0-5%), 
cod liver oil (5-10%), mineral and vitamin pre-mix (5-6%). 

The raw feed ingredients were crushed, sieved and mixed 
in required proportions adding the tish oil, vitam ins and 
minerals. The whole mixture was doughed by using some 
water. The conditioned dough was utilized for making 

Present address: )Senior Scientist (Fisheries)." Director. 
lPh.D.SchoJar, Poultry Nutrition, Depai·tmcnt or Animal 

Sciences, G.B. Pant University of Agriculture and TechnOlogy. 
Pantnagar 263 145. 

Table 1. Proximate composition (%j of6 laboratory Jbed 
formulations ( 1-6) 

Particulars Feeds 

Crude 21.45 27.62 31.94 36.66 45.38 50.2l 
protein 

Elher 24.14 16.44 12.47 17.[3 14.12 13.6!) 
extracl 

Nitrogen 39.90 37.[ [ 38.59 24.78 22.35 2{).36 
free eXlract 

Crude 5.15 5.28 5.1 <) 

I1bre 
Ash 
Moisture 

2.60 
7.26 

2.91 3.25 
lO.M N.56 

4.33 3.93 2AO 

7 . ../4 5.9N 3.04 
!J.M R.2·( 10.30 

---,-""-"_ ---

crumbles by a hand operating noodle making machine which 
were dried till moisture content reduced to less than J 0%. 
The dried crumbles Were then broken, crushed and sieved to 
get mash of required size for mahseer young fry, advance fry 
and fingerling feeding. The chemical composition (Table 1) 
of 6 feed formulations was estimated as per AOAC (1984). 

Feeding trials were also condHcted with 2 wet (minced 
sheep/goat's liver and hen's egg yolk emulsion) and I 
conventional feed (mustard oil-cake + rice bran mixed in 
eqltal proportions). 

Trials for feeding experiments were conducted in G I sheet 
tanks (I m! dimensions) having water flow through facilities. 
Mahseer fry produced at Bhimtal hatchery were used for this 
experiment. 
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Table 2. Results of feeding trials in golden mahseer swim-up fry stocked @ 300/m2 with various feeds for a rearing period of 30 days 

Particu lars Formulated feeds Wet Feeds Conventional 
of experiment Feed 

2 3 4 5 6 Egg~yolk Liver MOC+RB 
(I :1) 

No.offish stocked 300 300 300 300 300 300 300 300 300 
Initial length (mm) 10-12 10-12 10-12 10-12 10-12 10-12 10-12 10-12 10-12 
A v.initial weight (g) 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008' 
Total initial weight (g) 2.400 2.400 2.400 2.400 2.400 2.400 2.400 2.400 '1.400 
No.offish harvested 125 135 160 169 197 202 170 220 100 
Rate of survival (%) 41.5 45.0 53.6 56.3 66.2 67.4 56.6 73.3 30.0 
Final length (m) 13-18 13-19 15-21 14-20 15-21 13-19 15·18 16-21 13-]6 
Av.final weight ( g) 0.058 0.059 0.068 0.066 0.071 0.064 0.069 0.074 0.058 
Total final weight (g) 7.750 7.565 10.880 I I.l54 13.987 12.028 11.730 16.280 8.900 
Gain in weight (g) 4.850 5.565 8.480 8.754 11.597 10.530 9.330 13;880 3.500 
Increasing rate 7.2 7.3 8.5 8.2 8.2 8.9 8.6 9.2 7.3 

of body weight (g) 
A v. increase in 0.24 0.24 0.28 0.27 0.29 0.26 0.29 0.31 0.24 

body weight/day (g) 
Total feed given (g) 16.490 17.250 22.890 23.635 27.800 29,485 21460 29.150 13.300 
Conversion ratio 3.4 3.1 2.7 2.7 2.4 28 2.3 2.1 3.8 
Feed efficiency (%) 29.4 32.3 '37.0 37.0 41.7 35.7 435 47.6 26.3 

Table 3. Resultsoffeeding trials in golden mahseer swim-up stocked @ 50(l/mz with vanous feeds for a rearing period of30 days 

Particulars Formulated :feeds Wet Feeds Conventional 
of experiment Feed 

2 3 4 5 6 Egg-yolk Liver MOC+RB 
(1:1 ) 

No.of tish stocked 500 500 500 500 500 500 500 500 500 
Initial length (mm) 10-12 10-12 10-12 10-12 10-12 10-12 10-12 10-12 10·I? 
Av.initial wt,(g) 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 
Total initial wt.(g) 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 
No.offish harvested 198 237 253 281 328 320 269 351 162 
Rate of survival (%) 39.6 47.4 50.6 56.2 65.6 63.9 53.8 70.2 32.4 
Final length (mm) 14-19 13-19 14-20 13-18 13-20 14-20 15-20 15-21 13·17 
Av.final wt. (g) 0.056 0.059 0.067 0.064 0.070 0.061 0.071 0.076 0,O5~ 
Total final wt.(g) 11.090 13;980 16.950 17.980 22.960 19.520 19.100 26.680 8.010 
Gain in wt. (g) 7.090 9.980 12.950 17.980 22.960 19.520 19.100 26.680 8.910 
Increasing rate of 7.0 7.4 8.4 8.0 8.7 7.6 8.9 9.5 6.9 

body weight (g) 
Av.increase in 0.23 0.25 0.26 0.26 0.29 0.25 0.29 0.32 0.:23 

body wUda)' (g) 
Total feed given(g) 24.106 32.930 36.260 36.350 45.500 45.500 36.240 49.900 18.168 
Conversion ratio 3.4 3.3 2.8 2.6 2.4 2.9 2.4 22 3.1 
Feed efficiency (%) 33.6 30.3 35.7 38,5 41.7 34.5 41.7 45.5 27.0 

The feeding schedule was calculated in accordance with has actually been consumed by the test fish. 
water temperature and fish weight and generally amounted Six experiments with artificially bred mahseer fry and 1 

to 8-12%. The feed was often broadcast near the water inlet with natural stock were done, each spreading over a span 

or placed in small dishes by making a dough and lowered of 30 to 60 days. In each set of experiment, 3-4 

carefully into the experimental tanks. The feeding was done replicates were kept and the data presented here is 

every 2 hr from sun-rise till sunset in the early stages of computed and averaged. 
mahseer rearing; however, at advance fry stage, the frequency During the experimentation period, the physico-chemical 

between 2 feedings was decreased. Periodically the fish guts parameters of the hatchery water were: water temperatute 

in each experiment were opened to assess whether the feed 13.0-25.0°C; pH 6.9-9.3, dissolved oxygen 6.8-8.5 mg/litre, 
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Table 4. Results of feeding trials in golden mahseer fry stocked @ 300/1112 with different feeds l'o~ a rearing period of 30 days 

Particulars 
of experiment 

Formulated feeds Wet Feeds Conventional 
Feed 

2 3 4 5 6 Egg-yolk Liver MOC + RB 
(1:1 ) 

---------------------
No.offish stocked 300 300 300 300 300 300 300 300 300 
Initial Icngth (mm) 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 15-20 
Av.initial wt.(g) 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 
Total initial wt.(g) 18.000 18.000 18.000 18.000 18.000 18.000 '8.000 18.000 18.000 
No.of fish harvested 140 142 172 18 . 221 210 178 238 121 
Rate of survival (%) 46.8 47.3 57.2 60.4 72.8 70.1 59.4 79.2 40.3 
Finallellgth (nun) 24-30 25-31 24-33 26-32 25-35 25-33 25-33 28-38 23-34 
Av .tinal wt.(g) 0.150 0.162 0.179 0.175 0.183 0.172 0.190 0.195 0.144 
Total final Wl.(g) 21.000 23.000 30.790 31.675 40.440 36.120 33.820 46.410 17.425 
Gain in wt.(g) 3.000 5.000 12.790 13.675 22.440 18.120 J5.820 29.410 9.425 
Increasing rate of 2.5 2.7 3.0 2.9 3.1 2.9 3.2 3.3 2.4 

body wcight (g) 
Av.increase ill 0.08 0.09 0.10 0.10 0.10 0,10 0.11 0.11 0.08 

body wt./day (g) 
Total feed given (g) 8.400 13.500 31.975 34,190 51.610 43.220 33.220 53.980 32.990 
Conversion ratio 2.8 2.7 2.5 2.5 
Feed efficiency (%) 35.7 37.0 40.0 40.0 
.-----------.----~.- .----,----

free carbondioxide 0.2-1 ,8 mg/litre, total alkalinity 62.0-78,0 
mg/litre, ch loride 14.0~23.0 mg/litre; specific conductivity 
83.6·170.2 I-lmhos at 25.0"C and total dissolved solids 
4l.5-85.0 mgllitre. 

RESULTS 

Experiment 1 
High survival range of66.2-67.4% was recorded with diets 

5 and 6 (Table 2). The young fry had better feed efficiency 
(41. 7%), survival rate (66,2%) and conversion ratio (2.4) 
with feed 5. These values were poor in the diets having low 
protein contents and ranged as 29.4-37.0%, 41.5-56.3% and 
2,7-3.4 respectively. Of the 2 wet and I conventional diets, 
minced liver feed exhibited best survival (73.3%), conversion 
I:atio (2.1) and feed efficiency (47.6%) followed by egg yolk 
emulsion, However, the performance of conventional feed 
'Yas quite poor. 

Experiment 2 
Within 30 days, fish fed on formulated diets revealed 

that the survival (65.5%), conversion rate (2.4) and feed 
efficiency (41.7%) was maximum in feed No.5 compared to 
others (Table 3). Among wet feeds, liver fed stock recorded 
these parameters to be highest with their respective values of 
70.2%,2.2 and 45.5% followed by egg yolk diet. However, 
the poorest performance was observed with conventional diet 
having survival rate as 32.4%, conversion factor as 3,7 and 
feed efficiency as 27.0%. 

Experiment 3 
Feed 5 gave better feed efficiency (43,5%), survival 

(73.8%) and a conversion factor (2.3), whereas these values 

2.3 2.4 2.1 1.9 3.5 
40.0 41.6 47.6 52.6 28.6 

were comparatively 011 the lower side in other compounded 
feeds (Table 4). The fry fed with minced liver showed best 
feed efticiency (52.6%), survival (79.2%) and feed quotient 
(1.9) followed by egg yolk emulsion diet. Moe and RB mix 
feed recorded the poorest performance with 28.6% feed 
efficiency, 40.3% survival rate and 3:5 conversion factor. 

Experiment 4 
Length increment did not exh ibit significant variation with 

different feeds (Table 5). Rate of survival was maximum 
(83.6%) in the fry fed with minced liver followed by artificial 
feed 5 (76.6%) and egg yolk (68.4%). Again the feed 
conversion and efficiency among all the diets was best as 
reflected by liver diet (1.9 and 52.6%) followed by egg yolk 
emulsion (2.2 and 45.5%). These parameters amongst the 
artificial test feeds recorded better performance in feed 5 
(2.3 and 43.5%) followed by feed 3 (2.3 and 41.7%). The 
highest feed quotient (3.4), lowest feed efficiency (47.6%) 
and survival rate (49.0%) were seen in conventional diet. 

Experiment 5 
The rate of survival, conversion factor and feed efficiency 

was best recorded in liver fed stocks @ 89.0%, 1.8 and 55.6%, 
respectively, against the MOC and RB mixture fed mahseer 
fishes having the values of 54.0%, 3.3 and 30.3% (Table 6). 
Feed 5 gave the best results in terms of overall survival 
(83.6%), conversion rate (2.2) and feed efficiency (45.5%). 
Moreover, this feed showed maximt,m final weight of fish 
(1.200 g) from the initial weight of 0.175 g whereas feed 1 
·resulted in lowest growth (0.860 g). 

Experiment 6 
Fish fed with minced goat liver recorded (Table 7) the 
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Table 5. Results of feeding trials in golden mahseer fry stocked @' 5001m1 with different f~eds 
for a rearing period of 30 days 

---------~--.--~-------

Particulars 
of experiment 

Formulated fceds Wet Feeds Conventional 

No.offish stocked 
Initial length (mnl) 
Av.initial wI. (g) 
Total initial wt.(g) 
No. offish harvestcd 
Rate of survival (%) 
Final length (mm) 
AV.final wt.(g) 

-~-------------.--

2 

_.o ____ ._ ----
SOD 500 

15-20 15-20 
0.060 0.060 

30.000 30,000 
256 278 
51.2 55.6 
24-30 25-30 
0.158 0.160 

40.450 40.480 

3 4 5 

500 500 500 
15-20 15-20 15-20 
0.060 0.060 0.060 
30.000 30.000 30.000 

293 329 378 
58.6 65.8 75.6 

26-34 27-34 27-35 
0.180 0.174 0.180 

52.740 57.246 68.000 

Feed 
6 Egg-yolk Liver MOC+ RB 

(I: I) 

500 500 500 500 
15-20 15-20 15-20 15-20 
0.060 0,060 0.060 0.060 

30.000 30.000 30.000 30.000 
334 342 418 245 
66.8 68.4 83,6 49.0 

25-35 26-34 29-37 ' 23-32 
0.174 0.182 0.190 0.145 

58.117 62.240 79.420 35.525 Total final wt.(g) 
Gain in wt.(g) 
Increasing rate of 

1 ().450 10.480 22.740 27.246 37.000 28.117 40.240 49.420 5.525 

body weight (g) 
Av.increase in 

2.6 

0.09 

2.7 

0.09 

3.0 2.9 

0.10 0.10 

3.0 2.9 3.1 3.2 2.4 

0.10 0.10 0.10 0.11 0.8 
-body wt./day (g) 

Total feed given (g) 
Conversion ratio 
Feed efficiency(%) 

29.260 27.250 54.575 70.840 87.400 70.290 88.528 93.900 18.790 
2.8 2.6 2.4 

35.7 38.5 41.7 ._---
best survival rate, conversion coefficient and feed efficiency 
(84.9%, 1.8 and 55.5%) against conventional diet showing 
poor results having respective values at 54.3%, 3.4 and 
29.5%. As regards to artificial diets, feed 5 recorded 
maximum survival (83:6%), conversion factor (2.2) and feed 
efficiency (45.5%) compared to other feed formulations. 

Experiment 7 
The rate of survival was best (43.0%) in liver ffJd stock 

followed by fish fed with artificial feed 5 (28.5%) and was 
least (21.5%) with MOC+ RB ration (TabJe 8), The total 
gain in final weight of the mahseer stock was insignificant 
and in some cases, even the loss from the initial biomass was 
recorded and hence further experimentation was abandoned. 
This indicated that the natural stock probably could not 
acclimatize to the captive conditions especially in small tanks 
of 1 m2 dimension where they did not respond much to 
artificial feeding resulting in heavy mortalities. 

DISCUSSION 

The practical diet 5 gave the overall best survival, feed 
efficiency, conversion ratio, growth etc. amongst all the 6 
feeds compounded in young stages of golden mahseer. Any 
balanced fonnula for fish diet Inust include sufficient indis­
pensable amino-acids (protein) plus the energy source in the 
form of lipids and carbohydrates besides essential vitamins 
and minerals to support life and promote growth. The golden 
mahseer is inherently poor in biological productivity; the 
role of nutritionally balanced artificial feeds acquire more 
importance when propagated artificially in capti'vity as the 
fish growth and feed efficiency is intluenced by quality of 

2.6 
38.5 

2.3 2.5 2.2 1.9 3.4 
43.5 40.0 45.5 52.6 29.4 ------- - ----

feed, feed intake and water temperature. 
Protein requirement is highest at fry stage and decrease 

with increasing size (Garling and Wilson 1976, NRC 1977, 
Wilson and Halver 1986). It is recommended that to ootain 
maximum growth, fish fry must consume a diet containing 
half of dietary ingredients as protein. The high requirement 
of the component could be on account of relatively rapid 
increase of most tissues in smaller fish as they grow with 
positive allometry and also their generally higher metabolic 
turn over (Witherlayand Gill 1987). These authors stated 
that protein content in practical diets often ranges from 
20-60% depending lipan the water temperature tn the feeding 
trials with putitor mahseer, about 45% dietary proteill level 
appeared to be sufficient for the young stages, JoshI et 
al. (1989) recorded better feed efficiency with adiet containing 
33.5% crude protein level for young ones ofthe same species 
but their results are based merely on a couple of experiments 
without any replicate and for a short period. 

Fats being the ready source of energy have the distinct 
advantage of almost completely digestible need to be sup­
plied in diets for quick growth and maintenance of healthy 
fish stocks. Fat requirements oflndian carps are 4-6% (Singh 
1991) whereas Jafd e/ al. (1992) stated that fish feeds 
normally incorporate 4-9% fat. NRC (1981) reported that 
lipid not less than 10% and not more than 20% can be added 
to coldwater fish diets with excellent results. Takeuchi e( al. 
(1978) observed that the optimum ratios in the rainbow trout 
is 35% protein to 15-20% lipid content. Weatherly and OW 
(1987) stated that when dietary lipid is generally increWled 
to a certain limit, the feed conversion efficiency of the fish 
may increase proportionately and further opined that 
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Table 6. Results of feeding trials in golden mahseer advance fry stocked @ 300/mI with different feeds for a rearing period of 30 days 

Particulars Formulated feeds Feeds Conventional 
of experiment egg-yolk Feed 

2 3 4 5 6 MOe + RB (1:1) 

No.offish stocked 300 300 300 300 300 300 300 300 
Initial length (mm) 30-35 30-35 30-35 30-35 10-35 30-35 30-35 30-35 
AV.initial wt.(g) 0.175 0.175 0.l75 0.175 0.175 0.175 0.175 0.175 
Total initial wt.(g) 52.500 52.500 52.500 52.500 52.500 52.500 52.500 52.500 
No,of fish harvested 166 183 205 232 251 220 267 163 
Rate of survival (%} 53.3 61.0 68.3 77.3 83,6 73.3 89.0 54,0 
Final length (rnm) 42-48 41-50 44-51 45-68 50-60 47-58 53-64 38-45 
Av.final wt,(g) 0.860 0.875 0.915 1.100 L.200 0.900 1.310 0.695 
Total finaL wt.(g) 142,760 160.125 187,575 255.200 301.200 19~.000 349.770 113.285 
Gain in wt.(g) 90,260 107.625 135.075 202.700 248.700 145,500 297.270 60.785 
Increasi ng rate of 4.9 5.0 5,2 6.3 6:9 5.1 7.5 4.0 

body weight (g) 
A v. increase in 0.08 0.08 0.09 0.10 0.12 0.08 0.13 0.06 

body wt./day (g) 
Total feed given (g) 261.700 290.590 324.180 466.210 5·l7.140 378.300 535.100 200.590 
Conversion ratio 2.9 2.7 2.4 2.3 2.2 2.6 1.8 3.3 
Feed efficiency(%) 34.5 37.0 41.6 43.5 45.5 38.5 55.6 30.3 

Table 7. Results offeeding trials in golden mahseer advance fry stocked @ 400/ml with ditTerent feeds for a rearing period ono days 

Particulars Formulated feeds Feeds Conventional 
of experiment egg-yolk Feed 

2 3 4 5 6 MOC + RB (1:1) 

No.offish stocked 400 400 400 400 400 400 400 400 
Initial length (ml11) 30-35 30-35 30-35 30-35 30-35 3-35 30-35 30·35 
Av.initial wt.(g) 0.175 0.175 0.175 0.175 0.175 0.175 0.175 0.175 
Total initial wt.(g) 70.000 70.000 70.000 70.000 70.000 70.000 70.000 70.000 
No.offish harvested 207 241 265 296 325 293 340 217 
Rate of survival (%) 51.7 60.3 66.2 74.1 81.2 73.3 84.9 54.3 
Final length (mm) 41-46 41-48 45-52 44-57 49-60 46-54 51-62 . 38-44 
Av.final wt,(g) 0.845 0.870 0.895 1.010 1.120 0.910 1.230 0,690 
Total final wt.(g) 174.915 209.670 237.175 298.960 364.000 255.630 418.200 149.730 
Gain in wt. (g) 104.915 139.670 167.1715 228.960 294.000 196.630 348.200 79.730 
Increasing rate of 4.8 5.0 5.1 5.8 6.4 5.2 7.0 4.0 

body weight (g) 
Av.increasein 0.08 0.08 0.08 0.10 0.10 0.09 0.12 0.06 

body wt./day (g) 
Total feed given(g) 293.760 391.100 401.220 572.400 676.200 491.575 626.760 271.100 
Conversion ratio 2.8 2.8 2.4 
Feed etIiciency (%) 3.5-.7 35.7 41.7 

generally in fiS]l diets, the fat level may range from 5-25% 
without adverse effects on growth and the acceptable lipid 
level shou Id be determined in fish tissues to be able to adjust 
dietary lipid level accordingly. Based on the analysis of lipid 
content (approximately 17%) in the golden mahseer fry 
tissues, the level and diets containing 13·14% crude fat gave 
the best performance. Much higher values did not prove 
effective causing high rate of mortality and low rate of feed 
efficiency in the test fishes. 

2.5 
40.0 

2.3 2.5 1.8 3.4 
43.5 40.0 55.5 29.4 

Carbohydrates to a certain limit can replace the dietary 
fats to meet the metabolic energy needs of fish. Since 
carbohydrates are least expensive compared to protein and 
fat so it could be given in feed formulations besides they also 
get as binders/fillers in feed preparation. In formulated diets, 
carbohydrates can vary from 10-50% and the efficiency of 
utilization as energy may range from 40-90% (Hastings 
1979). Bergot (1979) indicated that digestible carbohydrate 
level can be increased to 15-30% without any adverse effects 
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Table 8. Results of feeding trials with advance fry of mahseer collected from natural systems on laboratory formulated and conventional 
feeds for a period of 60 days 

Particulars of experiment Formulated feeds Conventional Feed 
4 5 6 Liver MOC+RB(I:1) 

No.offish stocked 200 200 200 200 200 
Initial length (mm) 30-40 30-40 30-40 30-40 30-40 
Av-initia! wt.(g) 0.190 0.190 0.190 0,190 0.190 
Total initial wt.(g) 38.000 38.000 38.000 38,000 38.000 
No.of fish harvested 47 57 49 86 43 
Rate of survival (%) . 23.5 28.5 24.5 43.0 21:5 
Final length (mm) 46-51 47-52 45-52 47-54 44-50 
AV.final wt.(g) 0.800 0.825 0.785 0.920 0.580 
Total final wt.(g) 37.600 47.025 38.465 79:120 24.940 
Gain in wt.(g) 9.025 0.465 41.120 

Table 9. Comparison of survival rate, feed efficiency, increasing rate of body weight,growth ratefday and conversion ratio of various feeds 
in different stages of golden mahseer 

Particulars Formulated feeds Feeds Conventional 
of experiment 

2 3 

Survival(%) a.Swim-up fry 40.7 46.8 52.5 
b.Fry 48.3 52.1 57.9 
cAdvance fryf 52.6 60.5 64.4 
fingerling 

Feed a.Swim-up fry 3);4 31.5 36.9 
efficiency(%) b,Fry 35.7 37.6 40.8 
(Gain in wt. c.Advance fry 34.8 36.2 41.2 

Feed given x fingerling 
100) 

Increasing a.Swim-up fry 7.1 7.3 8.4 8.2 
rate of body b.Fry 2.5 2.7 3.0 
wt.(g) c.Advance fryf 4.7 4.9 . 5.1 
(Final wt./ fingerling 
Initial wt.) 

Av.Incre.ase in 
body wtJday(g) aSwim-up:fiy 0.23 0.24 0.26 
(Feed effi- b.Fry 0.08 0.09 0.10 
ciency/No.of c.Advance fry/ 0.08 0.08 0.09 
feeding days) fingerling 

Conversion a.Swim-up fry 3.4 3.2 2.7 
ratio b.Fry 2.8 2.7 2.4 
(Feed givenf c.Advance fryf 2.8 2.7 2.4 
weight gained) fingerling 

on the growth and survival Of rainbow trout. Sen et al. (1978) 
and Singh (1991) observed that the gross protein and 
carbohydrate requirements for carp fry and fingerlings varied 
from 36-47% and 22-28%, respectively, at28.0·32.0°C. The 
present studies show that the feed containing 20.0-22.0% 
carbohydrate suited best for the survival and growth of 
mahseer fry/advancefry. 

Compared to the artificial feeds barring minced liver diet, 
egg yolk emulsion gave better performance in young stages 

Egg-yolk Liler Feed 
4 5 6 MOC + RB (1:1) 

54.9 65.1 64.2 55.4 72.6 31.8 
63.4 74,8 69.1 65.2 82.1 45.5 
75.2 82.6 73.3 86.7 53.9 

37.9 41.7 34.9 42.9 46.8 26.7 
39.2 43.5 40.9 47.1 52.6 28.8 
42.1 44.6 39.7 55.9 29.5 

8.8 , 7.3 8.8 9.3 7.1 
2.9 3.0 2.9 3.1 3.2 2.4 
6.3 6.6 5.1 7.3 14.0 

0.27 0.29 0.25 0.29 0.31 0.31 
0.10 0.10 0.10 OJl O.ll 0.08 
0.10 0.11 0.08 0.12 0.06 

2.7 2.4 2.8 2.3 2.1 3.7 
2.5 2.3 .2.5 2.2 1.9 3.4 
2.4 2.2 2.5 1.8 3.3 

of put it or mahseer and conventional diet comprising rice bran 
and ml.lstard oil-cake mixture proved to be least efficient 
which is in agreement with the findings of Joshi et al.(1989). 
Further during the feeding trials, it was undoubtedly observed 
that higher food quotient, survivai and feed efficiency was 
observed when mahseer young ones were fed with wet diet 
of minced sheep/goat's liver over the dry compounded diets, 
However, this may not be economical and practical as the 
cost of wet diets have escalated tremendously wltich may 
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upset the whole aquaculture programme when taken up in a 
big way besides many a times, the regular supply of such 
products may not be ensured and also there is the risk of 
introducing pathogens to the recipient fish stock, if regu larIy 
used. 

In early rearing stages of mahseer, varying densities 
(300-500/sq.m.) did not appear to have significant deleterious 
effect when fed with various diets on fish growth, feed 
efficiency conversion factor or survival rate which suggests 
that if mahseer fry at higher density up to a optimum level 
are properly fed, there may not be any negative impact 
provided the water quality parameters are conducive and 
sufficient water supply is regulated at required level. 
-However, the overall performance of various diets (both dry 
and wet) reduced when the fish density of advance fry (30-35 
mm) was enhanced from 300 to 400/sq.m. The overall 
pe.rformance in terms of survival rate, feed efficiency, 
increasing rate of growth, growth/day and conversion ratio 
waS-recorded best in fish fed with minced liver followed by 

"-
egg~yolk emulsion and poor in conventional feed (Table 9). 

On the basis of various feeding experiments carried out 
with different diets so far, it can be said that it is just a start 
to be followed by more detailed studies especially the field 
trials hi a big way. Such an attempt is aimed towards stan­
dardization of feeding sChedule/techniques with final goal 
_of golden mahseer fanning on a commercial scale. Mahseer 
~ulture is a very young field so many more studies need to be 
~dertaken to make sure tbat the formulated feeds prepared 
frbm locally available raw ingredients are balanced and 
nutritive for better growth, higher efficiency and fish health 
besides being cost effective. All possible efforts are to be 
made on feed formulations for Himalayan mahseer laying 
more emphasis on analytical knowledge than on empirical 
practia.es to avoid any wastage of costly nutrients besides 
studies on computerized feed formulations could be taken 
up. However in this study, among the 6 formulations, tbese 
parameters were highest with formula 5 at various growing 
phases of'mahseer compared to other mtificial diets. 
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Free communications will be presented as posters, abstracts of which will be published in the 
January, 1999 issue of THERfOGENOLOGY. Abstracts must be in English, and prepared according 
to THERfOGENOLOG Y's guidelines for direct offset reproduction; abstracts must adhere rigidly to 
the guidelines on format, paper quality, and font size. The abstract must report unpublished, 
original data, and contain objectives, experimental methods, results, and conclusions. Due to space 
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quired. Students may enter their abstract in a competition sponsored by the lETS Foundation, and 
also are eligible to compete for the US$500 travel awards. The Foundation also offers to young 
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1998. Abstracts received after this date will be returned. Do not fold you abstract and please prOVide 
some stiff backing to protect the abstract during transit. In addition to the hard copies, submission 
on disk (3.5 inch) is encouraged to facilitate processing, Acceptable word-processing fo~mats are 
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allow electronic correspondence). The abstracts should be mailed (postmark deadline by 1 August 
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Dr Marc Andre Sirard 
1999 lETS Program Chairman 

Departement des sciences animales 
Universite Laval 

Ste-Foy, Quebec GI K 7P4 
CANADA 

Tel,: 418-656-7359 
Fax: 418-656·3766 

E-mail: Marc-Andre-Sirard@CRBR.ulaval.ca 

Instructions of preparation of abstracts as well as information about the student 
competition and travel awards may be obtained from; 

Ms Fran Gardner, Executive Secretary, 
International Embryo Transfer Society 

1111 N. Dunlap Ave., Savoy, IL 61874 U.S.A. 
Telephone: 217·356-3182; Fax: 217-398-4119 

E-mail: frang@assochq,org 

Topics of the invited papers Include practical considerations for in vitro embryo 
production, fertilization, maintaining embryo viability in vitro, and methods and applications 
of animal genetic modifications. 
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THE INDIAN JOURNAL OF ANIMAL SCIENCES 

GUIDELINES TO AUTHORS 

J. ih~~ Indian Journal~; AI~;·;;j~1 Sciences is published every month. The following types of material will be considered for 

publication in the Journal. 
2.1 PAPERS ON ORIGINAL RESEARCH COMPLETED, not exceeding 3 SOD words (approximately 10-12 typed pages), ~hould be exclusive 

tor the journal. They should present a connected picture of the investigation and should not be split up into parts. 

2.2 SHORT RESEARCH NOTES not more than 1 500 words (about 4-5 typed pages), which deal with (a) re~earch result~ whieh are 

complete but do not warrant comprehensive treatment, and (b) descriptions of new material or improved techniques or equ.ipmcnt, with 

supporting data. Such note:;; require no headed sectiom. 

2.3 CRITICAL RESEARCH REVIEWS pointing out lacunae in research and suggesting possible lines of future work. 

2.4 Contributors are requested to ensure that the research papers or notes submitted for pUblications have a direct bearing on 

animal prodnetion atopen ·up ile\V-groi.l1ids Tor productive research. Ba~Te tYl1es or-papers alla··llotes whi~i:; rehitc·to fl;,;~st!gatioll~ in a 

narrovV speeilalized branch of a discipline, may not form all appropriate material for this journal. 

3.1 THE TITLE should be short, specific and informative. It should be phrased to indentiiy the content of the article and include the 
. .. I 

nature of the study and thO':'tlfcl'inic4 p:p'~1~0!19h, \¥1~icIX(i~;;e~ll~t.mJjJlbe kc)i-wQ·~dl i~xitig,a!}~ h~f~:~tiJl1ion retrieval. ; 

3.2 In addition, a SIiORT TITLE not excecding 50 latters should be provideJ separately for running head lines. 
i 

. 3.3 The BYLIN? should contain: in ~d~!t~~.ll to the I1~11~.e~i .an~ _\I~it,iEds ~{th~ ~ut~~fs, .. \hc p\~~9; ),:l:ere flirearch wa~ conducted. 
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4. The ABSTRACT, writte~ in complete, sellt~llees, shOUld. not ha,ye nl0re t,I\fL~ 159.~?rd~ .• It, ~1?~J.jld CQll~\l\ a very bri~f account of 

the materials, .methods, results, di~ci.lssioil and conclu~lolls, so that th~ ;·eader, n,c:;ed not refer to #w. ¥ticic.~xcept *,or details. ~t should not 
have references to literatUre, illustrations and tables. . . 'l : 

5.1 The IN.TRODUCTORY Pil-rt should be brief and limited to the statement ofihe problem or. the ai,u oftlv;: experiment.! The review 

of literature should be pertinent, to problem. 

5.2 Relevant detaH~ should be given of the animal, MA.TERIALS AND METHODS, inclUding experimental design and the techniques 

employed. Where the methods are well known, the citation of a standard work is sumeient. Mean results with the relevant standard errors 

should be presented rather than detailed data. The statistical methods used should be clearly stated. 

5.3 The RESULTS AND DISClISSION should preferably be combined to avoid repetition. 

5.4 The result should be supported by brief but adequate tables, or graphic or pictorial material, wherever necessary. SeJf:explanfl-tory 

tables should be typed on separate sheets and cllrry appropriate titles. The tab\tlar matter should not e){ceed 20% of the text. 

5.5 The data should be so arranged Ihat the tables would fit in the normal lay-out of the page. All weights and measurements 
should be in metnc units. 

5.6 The DISCUSSION should relate to the limitations or advantage of the author's experiments in comparison with the work of 
olhers. 

5.7 Line-drawings should be clearly drawn in blaek waterproof ink on smooth, tough paper. Photographs shOUld bejarge, unmounted, 

glossy prints of good quality. They should be clear llnd relevant to lhe subject. Line-drawings and photographs shOUld have legends, 

which shoulcl also be supplied on II separate sheet. Tables and illustrations should not reproduce the same data. 

6. A recent issue of the journal should be consulted for the methods of cibltion of Rcferences in tbe text as well as at the end of 

the article. The biliography tihould have the names of the authors, inilials, year of publication, li.JJi title ofthe p!lper, name oftht joufI")!)1 

(spelt out in full), volume, preferably the issue within parentheses and complete page-range (not merelY the first page). Authors Shotlld 

ensure that all reiercnces in the text appear at tl{c end ~fthe paper and vice versa, and that names and dates at the two places correspond. 

7 All articles arc sent to referees fbr SCRUTINY and authors should meet criticism by improving thc article. 

8 Papers should be TYPE-WRITTEN, and double-spaced throughout (including references and tables) Oll white, durable bond 

paper of size 22 em x 28 cm, with a 5-cm margin at the top, bottom and lell-hand ~ide. Articles (including illustration:;) slJould be sent ;1) 
duplicate, after a careful check-up of typographical errors. 

9. Though no rigid rules are recolllmended Lor wrilmg, Hllt[]OfS are requested to cOllSult The Style Manl/a/for Biological Journ(lls, 

4th edl), American Institute of Biological Science, Washington DC. 

10. PROOF-CORRECTION should be in ink, in the margin. All queries marked in the article ~hOllld be answered. Proois are supplied 
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