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d. Remarks o f  s c ie n t i f ic  panel : .
on previous years report  ■

7 , a. Technical programme approved : 
for. the scheme

The technical programme involves the experimental 

production o f u ro l i th ia s is  in  d if fe ren t  groups o f  animals and i t s  

■ . ameleoration by administering chemical or plant, agents. The mat - 

e r ia l s  proposed to investigate the anticn lcu logeric/calculo lytic .  

potentia l are, .
Chemical agents

i .  Elemental Sulphur

i i .  Calcium. Oxide. -

i i i .  DL -  Methionine

, iv .  Vitamin D

v. Ammonium chloride  

v i.  C it r ic  acid
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Plant, agents

i .  Garlic/Onion

i i . Tamarind.

i i i .  Horse gram. .

iv .  Banana stem .

These, m ateria ls  w i l l  he su.hjeo.ted to in v e s t ig a t io n  indi. -  

v id u a l ly  on i n  combination, i n  su itab le  cases. The experimental 

animals w i l l  be

, Ruminant -  Goat '

. Mono g a s t r ic  -  Rat

' The experiment w i l l  be c a r r ied  ou t i n  three phases

Phase I  '

Experimental production o f  u r in a ry  c a l c u l i  i n  d i f f e r e n t  

groups o f  animals and a sce r ta in  the type o f  c a lc u l i  formed

Phase I I  '

P ro tec t in g  the animals from the incidence o f  u r ina ry  c a lc u l i  

by supplementing/administering the proposed an.ticalculogenic agents 

in d iv id u a l ly  or in. combination along with the ca lcu logen ic  r a t io n

Phase I I I .

. Ameleoration o f  u r inary  c a lc u l i  by u s in g  these, antica lcu lo , -

genic agents on the a f fec ted  animals and i t s  e f f e c t  on the re so lu t ion  

o f  u r in a ry  c a lc u l i  which I s  a lready  formed

PIRST Yiii'AR-

Phase. I

A minimum, o f  18 animals w i l l  be requ ired  in  each species  

f o r  conducting the experiment. The animals w i l l  be devided into

2. groups o f  9 animals each and w i l l  be maintained on a

normal ra t io n  in  one group and a ca lcu logen ic  r a t io n  in,
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another group fo r  a period  o f  over three months. Records 

o f  d a i ly  feed  consumption and weekly weight gain w i l l  be 

maintained. Haemato lo g ic a l  data in c lu d in g  enzyme le v e ls  

and rumen v o la t i l e  f a t t y  ac id  l e v e ls  (ruminants) w i l l  be 

recorded and metabolism t r i a l  w i l l  be c a r r ie d  out p eriod ica lly ,  

to, assess  the metabolic v a r ia t io n  due to ca lcu logen ic  r a t io n  

i n  the animals unden the t r i a l .  A t the term ination o f  the 

t r i a l  the animals w i l l  be s laughtered  f o r  post mortem and 

h is to p a th o lo g ic a l  studies to a sce rta in  the formation o f  c a lc u l i

The gross c a lc u l i  formed w i l l  be c o l le c te d  and w i l l  be. 

subjected to fu r th e r  chemical an a ly s is  to a s c e r ta in  the type, 

o f  c a lc u l i  experim entally  produced.

SECOND YEAR

Pha.se I I  J A minimum o f  60 animals in  each species w i l l  

be- requ ired  f o r  conducting the t r i a l .  Ten groups o f  6 animals 

w i l l  be maintained on a ca lcu logen ic  r a t io n  supplemented with  

the proposed anti ca lcu lo  genic agents and w i l l  be maintained  

f o r  over a period  o f  three months. D a ily  records o f  feed  

consumption, body weight, gain, haemato lo g ic a l  va lues , rumen 

v o la t i l e  f a t t y  acid  l e v e ls  (ruminants) and data on metabolism 

t r i a l  w i l l  be gathered t c  assess  the metabolic ro le  o f  each. • 

anti ca lcu lo  genic agent and to, derive conclusions therefrom, 

supported by h is to p a th o lo g ica l  studies.

Screening o f  poten t ia l  an tica lcu logen ic  agents w i l l  be 

done in  t h is  phase. These agents w i l l  be further, subjected  

to in v e s t ig a t io n  in d iv id u a l ly  or i n  combination in  d i f fe re n t  

groups o f  animals f o r  t h e i r 1 c a lc u lo ly t ic  a c t iv i ty .

THIRD, YEAR '

Phase I I I
Stage I  : A minimum o f  84 animals in. each species w i l l  be 

requ ired  f o r  assess ing  the e f f ic a c y  o f  each agents on d is so l  -  

ution. o f  u r in a ry  c a lc u l i  in  s itu .  Po,r th is ,  the experimental
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w i l l  be maintained on a ca lcu logen ic  ra t ion  fo r  a period  o f  

three months and 12 animals from, each species w i l l  be s ian  -  

ghtered f o r  post, mortem, and h is top a th o lo g ica l  studies tô  

a s c e r ta in  whether the animals maintained on. the ca lcu lo  genic 

r a t i o n  developed u r inary  c a lc u l i

J Phe rest, o f  the animals maintained on the calcu  -  

logenio  ration, w i l l  he devided into d i f fe r e n t  groups depending 

upon, the p o ten t ia l  ca lcu lo  ly t ic  agents to be tested . The c a l  -  

c u lo ly t ic  agents i n  the form o f  a supplement or ex tract  may be 

administered to the animals i n  which c a lc u l i  i s  a lready  formed. 

P e r io d ic a l  s laughter and h istop a th o lo g ica l  studies apa rt  from 

routine haematological and metabolism data w i l l  he lp  to assess  

the e f f ic a c y  o f  c a lc u lo ly t ic  agents;

Malai-Q-b-seryation to be recorded
1. Peed consumption

2 . Body weight, ga in

3. haematological data •

4. Rumen W A  value s

5. Metabolism, t r i a l  data

6.. Histopathological observation

b. Technical programme approved fo r  the year J As above

c. techn ica l  programme approved f o r  next year : As above

8 . Technical personnel employed ( .L is t  vacancy i f  any)

Rame with Designation Date o f  j.oining. Date o f  le av in g

1. M iss. M ini, V
Research Associate.

15-2.1997 ■ 4

2 . Mr. Sukkoor, Y
Jr. Research Pe llow

12.5.1997 ••

Recruitment pos it ion  : A l l  the sanctioned posts are
f i l l e d  up
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9. Tota l outlay

10. Tota l amount, spent in  the 
previous year.

Rs. 10, 01 , 225.00  f o r  3 years

Rs. 1,75,.0-76, 00
Expenditure on. NRC not included

11. Tota l amount spent/sanctioned during the year under report :

a. Sanctioned

Pay & Allowances  

' Contingency Recurring  

Non recu rr in g  

Total

h. Spent

Pay &- Allowances 

Contingency recu rr in g  

Non re cu rr in g  

Total:

12. Tota l number o f  man-months during:  
the year

13. O b jectives :

Rs. 77,242.00

Rs. 1,81,500.00

Rs. 2,38,742.00.

Rs, 63,034.00.

Rs, 1,61,483.00 

Rs. 2,75,70-9.00 

Rs. 5,00,226.00

24

n .

111.

Experimental production of u r in a ry  c a lc u l i  in  animals

P ro tec t in g  these animals from, the incidence oil ca lcu li .  
hy supplementing/administering chemical/piant agents along  
with calculogenic. r a t io n

Amalaoration o f  u r in a ry  ca lcu li ,  by us in g  these agents on 
the a f fe c ted  animals and the re so lu t io n  o f  c a lc u l i  which 
i s  a lready  formed

14. Approved techn ica l programme

a. For the year under report -  As i n  item. 7

b. For the next year -  As in. item 7

15. Progress o f  Research:

. The f i r s t  year o f  the p ro ject was started  with the appoint- -

ment o f s t a f f .  They were be ing  tra in ed  f o r  the an a ly s is  o f  feed  

and b io lo g ic a l  m ateria ls .  Alii the equipments have been procured  

during the e a r ly  part o f  the second year. Experimental animals
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have been purchased, from U n ive rs ity  Sheep & Goat l1-arm, Mannuthy 

as and when i t  i s  requ ired

FEEDING TRIALS WITH RUMINANT 

A. CALGULOGENESIS

' As envisaged i n  the techn ica l programme, 18 goats

were se lected  and’ devided into two. groups o f  nine animals each as 

uniform ly  as p oss ib le  with regard  to sex, age and weight, and main -  

ta ined  on a normal ra t ion  in  one gxoup and a p o ten t ia l  ca lcu logen ic  

ra t io n  in  group two and maintained in d iv id u a l ly  f o r  a minimum, period  

of three months. Weighed quantity  o f  feed  was given to each animal 

d a i ly ,  th e ir  requirement be ing  worked out. on the b a s is  oP th e ir  body 

weight. Water was provided ad. l ib itum . D a i ly  feed consumption 

record  was maintained as w e ll  as weekly body weight. Diweekly hae. -  

matological data and monthly metabolism t r i a l  data on n itrogen , c a l  -  

cium, phosphorus and magnesium, urine pH v a r ia t io n  i f  any and extent 

o f  c r y s t a l lu r ia  i n  animals maintained under each group were: gathered.

Calculogenic Ration

A ca lcu logen ic  ra t ion  was computed by look ing  into, 

the nutrient requirement, sp e c ia l ly  taken into cons iderat ion  o f the 

mineral content o f the ra t ion . In  the d ie t ,  the mineral content- o f  

the contro l and ca lcu logen ic  ra t io n  i s  as shown below:

Calcium 0.79 % _ 1..22 %

Phosphorus 0.43 /° 0.6-3. %

. Magnesium. 0.31 % T .20 %

Control ration, i s  f o r t i f i e d  with calcium to the extent 

o f  T .22 %, phosphorus to the extent o f ‘ 0„63 and magnesium to the 

extent o f 1'.20. % by supplemental, chemicals l ik e  calcium oxide, phos -  

phorus pentoxide and magnesium oxide re sp ec t iv e ly

As the roughage part , guinea grass was provided and 

a concentrate. -  roughage ra t io  o f  4:1 was always maintained through -  

out the experimental period.
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Bata C o llec t ion

Data p e rta in in g  to'.weekly weight, gain and. d a i ly  feed intake  

were maintained throughout the course o f the study and a lso  records  

on R.B..C,,., W.JB.G. , Haemoglobin and Plasma p ro te in  concentrations , 

calcium, phosphorus and magnesium le v e ls  in  blood are be ing  estimated  

at fo r tn ig h t ly  in te rv a ls  in  a l l  s e r ie s  o f  experiment1. Blood samples 

f o r  an a ly s is  were withdrawn from, the ju g u la r  ve in  in t c  s t e r i l i s e d  

c i t ra te d  tubes. M ineral and n itrogen  balances were determined f o r  a 

period o f  f i v e  consecutive days at the beginning o f  th e .fe ed in g  t r i a l  

and at 28 days in te rv a l  in  a l l  se r ie s  o f  experiment. Thymol and s u l ' -  

phuric acid  was used as urine p reservatives1.

Discus sion

Body weight, g a in  : Average weekly body weight, ga in  recorded f o r  the

goats maintained under the two groups (A and B) up to 112 days o f  

experiment i s  shown in  Tables I  and I I  and an increase in  body weight  

during the period was noticed  f o r  the groups A and Bf ga in  accrued  

being 8!. 6 and & .4  Kg re sp e c t iv e ly  in d ic a t in g  no apprec iab le  d i f fe ren ce  

between the groups with regard  to body weight gain

Red .Cell'. . Haemoglobin_and Plasma P rote in  Concentrations : Average,

biweekly -R-.B.C. concentration (Table  I I I  and IV )  recorded from both 

the groups up to 112 days o f  experimentation ranging from 13.15 to 

17.75 millions/mm^ f W.B..C,. (Table. V and V i )  ranging from 1 2 . . 1  to 16.75 

thousands/mm.5,, Haemoglobin (Table  V I I  and V I I I ) ranging from 7„2 to 

10.6 g./100 ml. and Plasma P ro te in  (Table IX and X) ranging from. 7.0 

to 8.8  g../10Q- ml and l i e s  within, the normal range.. S t a t i s t i c a l  analy -  

s is  o f  the data reveal no s ig n i f ic a n t  d if fe ren ce  within the groups 

in d ic a t in g  that supplementation o f  calcium, to the extent, o f  1.22 %, 

phosphorus to the extent o f  0.-, 63, % and magnesium, to the extent o f  1. 2% 

seems to have- no, in fluence  on. these parameters.

Serum, Ca] Pl um, Serum i norgan ic Phogrharus and Serum Magnesium: Average 

biweekly serum, concentration o f  calcium (Table  XI and X I I )  recorded  

fo r  the experimental goats maintained on. both the groups up to 112
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days o f  experiment ranging from 7*4 to 9*2 mg./lOO ml, serum inorg .  

phosphate ( f a b le  X I I I  and XIV) ranging from. 5.0 to* 7.5 mg./lOO ml. 

and serum, magnesium (Table XV and XVI) ranging from. 2.1 to 5*2 mg./ 

100 ml. A trend towards h igher serum inonganic phosphate.- conaen -  

t r a t io n  (mg,/loo ml) 5-9 to 6.7  and a trend to.wards h igher ’ serum 

magnesium concentration from. 2 . 6. to 4*-0 animals maintained on 

ra t io n  B supplemented with, magnesium, to the extent of. 1.2 per cant 

i n  the ra t io n  could be noticed. 1

Incidence o f  U rinary  C a lcu li  Of the two groups o f  animals main -  

tained on ra t ion s  A and B re sp ec t iv e ly ,  the animals maintained on ■ 

Ration. B exh ib ited  severe c r y s t a l lu r i a  which fo recasts  the i n i t i a  -  

t io n  o f  u r in a ry  c a lc u l i  form ation i n  these animals. The animals 

were then s a c r i f ic e d  a f t e r  124 days f o r  the presence o f  u r ina ry  

stones in  the b ladder, kidney and urethra . The animals maintained 

on Ration A on p os t  mortem, exa mination. revealed  no traces  o f  u r ina ry  

c a lc u l i .  Whereas the animals maintained on Ration B showed. u r ina ry  

c a l c u l i  i n  the kidney but were not detected any c a lc u l i  in  the b la  -  

dder. The t is su e  changes on h is top a th o log ica l  examination revea l  

varying degree, o f  changes in d ic a t in g  that the ra t ion  B supplemented 

with magnesium to the extent o f  1 ..2 per cent i s  p o s i t iv e ly  calcu lo  -  

genic’.

H is to lo g ic a l  f in d in gs  : For h i s t o lo g ic a l  examination o f  u r inary

organs, p a r a f f in  sections o f  kidneys were made at- 5 microns thick -  

ness and stained with haemato xylene, and eo sin. H is to lo g ic  examina' -  

t ion  d isclosed, s ig n i f ic a n t  d if fe ren ce  between the groups o f  animals 

i n  the pattern, o f  the t is su es  o f  the kidneys examined, a b r i e f  ac.c. -  

ount o f  the observations made during the course o f  the h is t o lo g ic a l  

studies i s  given below

On Ration A : There were no sign ificant- histopa.thologic, 

changes i n  the kidney. Glomeruli, were normal -in. appearance and in  

d is t r ib u t io n .  The e p i t h e l ia l  l in in g  o f  the Bowman's capsule were 

in tac t .  There were no necros is  o r  desqumation o f  e p i t h e l ia l  l in in g  

o f  the proximal and d is t a l  convoluted tubules and ascending and.
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descending limbs of. Henle. Tubular casts  or other proteinaciou.s  

deposits  were not observed in  any p a rt  o f  the renal tubules or  

c o l le c t in g  ducts. There was no evidence o f  m in era lisa t ion  in  the 

kidney t is su e s .  The lumen o f  the tubule contained, homogenous l ig h t  

pink m ateria l
On Ration B : There were severe d if fu se , d is tru c t ion  o f  the

tubu les , numerous fo c a l  areas o f  haemorrhage and engorgement o f  

in t e r  tubu lar  c a p p i l la r ie s .  &any o f  the tubules showing lo s s  o f  

l in in g  e p i th e l ia  f i l l e d  with eo s inoph ilic  grannular casts .  The. glo -  

merular c e l l s  showed ba lloon ing , almost f i l l i n g  up the Bowman's 

capsule and ocassiona l one showing haemorrhage..

■ From, the above h i s t o lo g ic a l  observations, i t  was evident

that animals maintained on Ration B- manifest, severe t issu e  changes. 

Ration B shown to be p o s i t iv e ly  ca lcu logen ic  fo r  goafs during the. 

present se r ie s  o f  feed ing  t r i a l  and hence th is  ra t ion  was therefore  

chosen as the basa l ra t ion  fo r  the next, se r ie s  o f  feed in g  t r i a l  

designed to determine the b e n e f ic ia l  ro le  i f  any o f  supplemental 

ammonium, ch loride  and horse gram, extract.

£. EFFICACY. QF AlifiORIUE CHLORIDE AMB HORSE GRAM EXTRACT ON. THE 

AKELBORATION OF DKOLITRIASIrf IN GQAT.B

’ Eyperimental Animals; Eighteen male Kalahari goats 9 - 1 2  months 

o f  age weighing on an average 19 a f t e r  being dewormed and sprayed

aga in st  ec toparas ites  were used fo r  the in ves t ig a t ion .  Th&y were 

d is tr ibu ted  randomly to three experimental groups o f  s ix  animals 

each (.Groups I,, I I  and IT l),  as uniform ly as poss ib le  with regard  to 

age and body weight. A l l  the animals were maintained on id e n t ic a l  

conditions o f  management and were fed  in d iv id u a l ly .  Vholsome water 

was made a v a i la b le  at a l l  times. The experimental duration, was 

84 days excluding, i n i t i a l  and f i n a l  metabolism, t r i a l

Experimental Ration : The concentrate- mixture was prepared by

using the fo l lo w in g  conventional feed ingred ients
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Ingred ien ts  

whe a t

Bengal gram 

G inge lly  Oil. cake 

Black gram husk 

S a l t  .

M ineral mixture 

Total

. Throughout the experimental period  a roughage concentrate, 

ratio , o f 1:4 was maintained .

The percentage, chemical composition i.on dry matter b a s i s )  

o f  the compounded feed and grass, on proximate.- ana lys is  are as shown 

below:

Nutrients Concentrate, Roughage,

Dry, matter 93'. 17 34.93

Crude protein 22.94 9.75

Crude f ib r e 10:. 01 43.69

kther extract 4, 12 3'. 07

Nitrogen. Free Bxtract. 51. 66. 39-64

Tot a l  A sh 11’. 27. 3’-85

Calcium 0.84 0.14

Phosphorus 0-.51 0.. 18

Magnesium 0.31 O.23

The calcium and phosphorus le v e ls  have been ra ised  t.o an

estimated le v e l  o f 1.194 per cent and 0.578 per cent re sp ec t iv e ly -by  

adding calcium oxide and ^  ®5 a^ove nation

Rat ion  Treatments

Ration A : The ba sa l  concentrate, ra t ion  kno.wn. to be ca lcu logen ic

was cojnpht.ed by us ing  the concentrate mixture added with magnesium 

oxide to ra is e  the magnesium to* the estimated l e v e l 'o f  1-.202 per cent

Farts

50 

50 

30 .

8

0.5

_ _ ! i L

100.0



Rati on. B : Prepared by u s in g  basa l concentrate ra t ion  A f o r t i f i e d

with Ammonium, ch lo ride  to the extent o f  1 per cent

Ration C- : Was prepared by feed ing  the basa l concentrate, ra t io n  A.

a long  with Horse gram e x t ra c t  ( Dolichos b i f l o r u s  ) to* the extent o f  

1 l i t r e  per animal per day in  place o f  d rinking water

Every day the horse gram, extract (decoction ) was prepared

by b o i l in g  1.5 kg. horse gram with s i x  l i t r e  o f  d rink ing  water (Horse

gram, and water i n  the ra t io  o f  1 :4 J £or 60 minutes and then allowed to 

cool over n ight. Hext day morning the extract was s tra ined  and given, 

to animals i n  Ration C. at. the rate  o f  one l i t r e  per animal per day.

'Bhree experimental groups ( I ,  I I  and III),, o f  s ix  animals

each were fed  with, the ra t ion s  A,E- and G re sp ec t iv e ly .  In d iv idu a l  feed  

allowances fo r  each animal f o r  ma intenance was ca lcu la ted  based on 

the body weight.

Dhe goats were weighed at weekly in te r v a ls .  D a i ly  feed  

consumption records were maintained throughout the experimental period.  

D igest ion  cum balance t r i a l  were c a r r ied  out* i n i t i a l l y  and a t  monthly , 

in te rv a ls  t i l l  the termination o f  feed in g  t r i a l ,  quan tita t ive  and sep -  

arate  c o l le c t io n  o f  u r ine  and feces  were c a r r ie d  out with a c o l le c t io n  

period extended fo r  f iv e  consecutive days, u s in g  metabolism cages .

Dhe feed samples co l le c ted  during metabolism t r i a l  were 

subjected to proximate an a ly s is  as per standard procedure (AQAC, T $ 9 0 ) ,  

Prote in  in  feed, feces  and u rine  were analysed using. Kjelt.ec -  2000 

d ig e s t io n  and d i s t i l l a t i o n  u n it .  Calcium and magnesium content o f  

feed , feces  and urine samples were estimated by u s in g  Atomic Absor -  

ption  Spectrophotometer (P e rk in  Elmer, Model 3110). Urine Phosphorus 

was determined c o lo r im e t r ic a l ly  with Spectrnic -  20 (M ilton  Roy C o . ,

I). S .A ) u s ing  commercial phosphorus k i t  (Qualigens D iagnostics )

Peed and fe c a l  phosphorus were estimated c o lo r im e t r ic a l ly  

by n i t r i c  acid  vanado -  molybdate method (A0AC,-, 1990)

Presh; urine samples were co l le c ted  at monthly in te rv a ls  

to- determine the pH and examined m icroscop ica lly  fo r  the presence o f  

c ry s ta ls .  The c ry s ta ls  were co l le c ted  and subjected to q u a l it a t iv e

-  11 -
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chemical an a ly s is  (Spot. test, by Winer, 195?)

Haematologicat studies : Blood samples were co l le c ted  at monthly

in te rv a ls  by ju gu la r  puncture into s t e r i l e  c i t r a te d  tubes and in  

c lean  dry tubes f o r  serum, separation,

. T o ta l Erythrocyte count was made by u s in g  improved Neubauer 

counting chamber with 1:200 d ilu tion , o f blood us ing  Hayem1s f l u i d  as 

d iluen t .

Total Leucocyte C e l l  Count were made by u s in g  T ruck 's  '

F lu id  as the d iluent with 1:20 d i lu t io n

, . Haemoglobin content was determined by acid  hematin method

us ing  haemometer with permanent coloured g la ss  comparison standard..

Plasma p rote in  va lues were determined c o lo r im e t r ic a l ly  by 

Biuret method u s in g  t o t a l  protein, k i t  supplied  by Stangen Immune -  

d iagnostics  -

oerum calcium and magnesium were estimated by Atomic Ahsor -  

ption Spectrophotometer (Pe rk in  Elmer Model 3110.),. Serum Inorganic  

phosphorus was estimated c o lo r im e t r ic a l ly  (M odified  metol method; 

by us ing  commercial phosphorus k i t  (Qualigen  d iagn ost ic s )

Slaughter Study : At the term ination  o f  the experiment, a l l  the

animals were s laughtered and the u rinary  organs were co l le c ted  and ' 

subjected to; d e ta i led  examination, f o r  the presence o f  gro^ss c a lc u l i  

and other gross le s ion s .  The ca lcu lu s  m ateria ls  were co l le c ted  and 

subjected to spot t e s t s  (Winer, -1959) £-Ox id e n t i f i c a t io n  of i t s  che -  

mical composition •

H jstopathological-.Study : The specimens from, u r in a ry  organs

v i z . , kidney, u re te r  and b ladder were co l le c ted  and preserved i n  , 

neutra l bu f fe red  fo rm a lin  (10 per cent) f o r  hi sto patho log ica l study. 

These t is su e s  were processed with, routine p a r a f f in  embedding method 

and sections were stained with, haematoxylene and Eo.sin

C r i t e r i a  For Evaluation : The c r i t e r i a  used fo r  ev a lu a t io n  o f

the ra t ion s  (r a t io n s  A,B and C.) were body weight gain, dry matter 

consumption, feed  e f f ic ie n c y ,  p ro te in  e f f ic ie n c y ,  haematological



parameters, data gathered from, digestion, cum. balance t r i a l s ,  

examination, o f u r ine , autopsy and h is topa th o log ica l  examination. .

Resu lts  and D iscussion  ■ • '

Body, weight gain, Drv matter consumption, Feed e f f ic ie n c y  and
F rota in  e f f ic ie n c y  ya lu as :

Goats maintained on groups I,. I f  and I I I  fed  on basa l  

oa lcu logen ic  r a t io n  (.Ration A ) , calculogenic. ra t io n  supplemented 

with, ammonium, ch lo r ide  (Ration  B) and ca lcu logen ic  r a t io n  supple. -  

mented with horse .gram extract!(R ation . G), recorded an average cumu -  

l a t iv e  weight ga in  and average d a i ly  gain  during the experimental 

period as 5*20 , 5-29 and 5-17 Kg* and 6.1. 90 , 62.98 and 6.1. 5-5 g* 

per day (Tab les  1- and 2 ) re sp ec t iv e ly ,  the values being not., s ta t 

i s t i c a l l y  s ig n i f ic a n t  between the groups in d ic a t in g  that neither  

supplementation, o f  ammonium ch loride  nor horse, gram ex t ra c t  had 

any s ig n i f ic a n t  in fluence on the body weight ga in  o f  goats, however, 

group IF  had a be t te r  weight gain than the animals maintained under 

groups f  and I l f .

The dry matter consumption, recorded fo r  the three groups

I,. I I  and H I  were 928.57 > 917*98 and 901.38 g. per day re sp ec t ive ly ,  

had not shown any s t a t i s t i c a l  s ign if ican ce  between- the three groups 

(Tables 3 and 8 ) .  Feed e f f ic ie n c y  (Tabfes 4. and 8 ), and p ro te in  

e f f ic ie n c y  (Tab les  5 and 8.) va lues f o r  the animals maintained on 

ra t ion s  A, B and 0. be ing  recorded as 15.02 and 2.6-9, 14.58 and 2..60 

and 14*69 and 2.62 re sp ec t iv e ly ,  did not exh ib it  any s ign ificant,  

va r ia t io n  among the three groups, in d ic a t in g  that ne ither supple -  

mentation of. ammonium ch lo ride  nor horse gram ex trac t  had any s i g 

n i f ic a n t  in fluence on the dry matter in take, feed e f f ic ie n c y  and 

protein, e f f ic ie n c y  but group I I  fed  supplemental ammonium, ch loride  

had a tendancy towards b e t te r  feed e f f ic ie n c y  and protein, e f f ic ie n c y  

than, groups I. and I I I

- -  13 -
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Haemato lo g ic a l Parameters

Haematological parameters such as TEG* (Table  9 ),it 

(Table  10)* Haemoglobin (Table 11 ),■ and to t a l  p ro te in  (Table. 12) 

obtained from three groups a t  monthly in te r v a ls ,  during the exper -  

imental period  had no* s ign if ican t ,  d if fe ren ce  between the groups ind -  

ic a t in g  th a t  ne ither  supplemental ammoniums chloride, nor horse gram, 

e x t ra c t  had any s ig n i f i c a n t  in fluence  on. these haematological para 

meters (Table. 13). The values recorded were w ith in  the normal range 

throughout the course o f  experiment shaving th a t  the animals were in  

normal n u t r i t io n a l  status

Serum Calcium^.Inorganic Phosphorus and Magnesium con cen tra tion s

Average serum, calcium; values (mg./dl. ) recorded fo r  the 

three groups being 8..67, 9-29 and Q„99  re sp ec t iv e ly  fo r  the groups 

I ,  I I  and I I I .  There was s ig n i f ic a n t  reduction, in  serum, calcium: 

concentration, i n  group I  re ce iv in g  Ration A when compared to th a t  of. 

groups U  and I I I  r e ce iv in g  Rations B and C,f whereas no* s ig n i f i c a n t  

d if fe ren ce  exh ib ited  between the groups I I  and I I I .  The r e su lt s  in  -  

dicated th a t  h igh  d ie ta ry  magnesium in te r fe re d  with the absorption o>f

c.alcium; bu t  supplementation o f  ammonium, ch lo ride  and horsegram. e x t ra c t  

s ig n i f i c a n t ly  counteracted.the in fluence  o f  high d ie ta ry  magnesium 

over calcium; abso rp tion  i n  th a t  descending order and maintained the 

serum, calcium, concentration  w ith in  the normal range (Tab le  14; â i-d 17)

. Serum. Inorganic phosphorus va lues  (mg./dl..), obtained during

the course o f  the experiment be ing  b«47, 5-69 &-08 I 01 the animals

maintained on  groups I ,  IX and H I ,  in d ic a t in g  th a t  h igh d ie ta ry  mag -  

. nesium. enhances the absorp tion  o f  d ie ta ry  phosphorus, but supplemental 

ammonium, ch lo r ide  o r  horsegram. e x t ra c t  in t e r fe r e  with the absorption  

o f  phosphorus o r  counteracts the ac t ion  o f  high d ie ta ry  magnesium on 

phosphorus absorption  and maintained the serum inorgan ic  phosphorus 

concentration  within, the normal range. (T ab les  15 17). ■

Average serum, magnesium, concentration  (m g./d l) obtained  

from, the three groups be ing  4.78,. 3-70 and 4.22- r e s p e c t iv e ly - fo r  the 

groups I ,  IX and 1X1, exh ib ited  s ig n i f ic a n t  d i f fe ren ce  among the three
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groups, in d ic a t in g  that in c rea s in g  the d ie ta ry  magnesium causes ■ 

e leva t ion  in  serum, magnesium, due to increased magnesium absorption,  

whereas supplemental ammonium ch lo ride  and horse gram ex trac t  had. 

profound in fluence  on. reducing the serum, magnesium concentration in  

the respective  groups, but the e f f e c t  was more pronounced by supple -  

mental ammonium ch lo ride  than horse gram ex t ra c t  (Tab les  16. and. 17).

M ineral _and hjtro°:en balance. ,

Data gathered from, mineral and n itrogen  balance studies  

are presented i n  Tables 18 to- 35.

Urine- VaJjas.E

' Calcium.: Urine calcium values recorded fo r  the three groups

1,, I I  and I I I  at, the beginning and at the end o f  experimental period  

were 0.104 and 0.191, 0.109 and Q. 120 and 0.108 and 0.151 g./day  

re sp ec t ive ly .  S t a t i s t i c a l  an a ly s is  d isc losed  that, goats maintained  

under group I  excreted s ig n i f i c a n t ly  high urine calcium compared to 

groups I I  and H I , ,  while no s ig n i f ic a n t  d i f fe ren ce  be.tween the groups 

I I  and H I ,  in d ic a t in g  that high d ie ta ry  magnesium in te r fe re s  with 

the u t i l i s a t i o n  o f  whereas supplemental ammonium ch lo ride  and horse  

gram extract, had counteracted the in fluence  o f  high d ie ta ry  magnes -  

ium over calcium u t i l i s a t io n .

Phosphorus: Urine phosphorus values (g ./day ) obtained from

three experimental groups I,. I I  and I I I .  a t  the beginning and at the 

end of the experiment being 0.182 and 0 . 530 , 0,197 and 0,230  and 

0.199 and 0.275 g./day re sp ec t ive ly .  S t a t i s t i c a l  an a ly s is  d isc losed  

that, there was s ig n i f ic a n t  r i s e  in  urine phosphorus excretion  in  

group I when compared to that o f  animals maintained on groups I I  and 

H I ,  in d ic a t in g  that high d ie ta ry  magnesium in te r fe re s  with the u t i  -  

l i s a t io n  of phosphorus, however, no s ig n i f ic a n t  d if fe ren ce  was d is  -  

ce rn ib le  between the groups H  and I I I , ,  in d ic a t in g  that supplemental 

ammonium ch lo ride  s ig n i f i c a n t ly  reduce the urine phosphorus excretion  

and increase  i t s  u t i l i s a t i o n  whereas the e f f e c t  i s  le s s  pronounced 

in  goats maintained on supplemental horse gram extract-.
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Magnesium  ̂ Bata on urine magnesium (g -/d ay ) gathered at the.

b.eginning and at the end o f  the experiment being. 0,220 and 1. 617 , 

0.190 and 1-..580 and 0.212 and 1-159 g../day fo r  the animals m a in 

ta ined  on groups I., I f  a nd I I I  re sp ec t iv e ly ,  in d ic a t in g  that  no, 

s ig n i f ic a n t  v a r ia t io n  e x is t s  between the groups with, regard  to '

magnesium excretion  through, urine. These r e su lt s  ind icated  that, 

high d ie ta ry  magnesium causes increased  excretion  of th is  element 

through urine-. . Neither supplementation o f ammonium ch lo ride  nor 

horse gram extract had any s ig n i f ic a n t  in fluence on the u t i l isa t ion s  

o f .magnesium '

N jtrogeni Urinary  n itrogen  excretion  (g ./day ) a t  the beginning  

and at the term ination o f  the experiment be ing  6.904 and 11. 445 , 

6-519 anU 10.955 and 6.854 and 10;.947 from, goats maintained on 

groups I ,  I I  and I I I  re sp ec t iv e ly ,  had not shown any s ig n i f i c a n t  

d if fe ren c e  between the groups in d ic a t in g  th a t  ne ither  supplemen -  

tation. o f  ammonium ch lo ride  nor horse gram ex t rac t  had any s ign i -  

f ic a n t  in fluence on n itrogen  u t i l i s a t i o n  

.Eaacal _ Value s

Data on fa e c a l  calcium, phosphorus, magnesium, and n itrogen  

obtained from the three groups I ,  I I  and I I I  at the term ination  

o f  the experiment be ing  5. 112, 4 0 0 4  and 4'.472 g-/day fo r  calcium, 

5'.70G, 5‘. 550 and 3'. 613 g./day fo r  phosphorus, 6s. 101, 6'. 50-3 and 

5.973 g./day fo r  magnesium and 11. 610 , 11-.997 and 11. 665 g../day 

f o r  n itrogen  re sp ec t ive ly .  S t a t i s t i c a l  an a ly s is  o f the data revea l  

no. s ig n i f ic a n t  d i f fe ren c e  between the three groups with regard  to 

the fa e c a l  excretion  o f calcium, phosphorus, magnesium and n itrogen  

in d ic a t in g  that, ne ither supplementation o f  ammonium ch lo ride  or 

horse gram ex trac t  when, fed  along with high magnesium ca lcu logen ic  

ra t ion  had any s ig n i f ic a n t  in fluence on d i g e s t i b i l i t y  o f d ie ta ry  

ca lc iun , phosphorus-, magnesium and n itrogen

Percen t  R e ten t io n  •

.Cal c i um-! Average percent re ten t ion  o f  calcium in  goats main -  

tam ed  on groups I., I L  and H I  at the beginning and at. the end o f  

the experiment being 62.05 and 59.35, 62.71 and 66„55 and 6T.04 

and 62.65 per cent re sp ec t iv e ly  in d ic a t in g  -that high d ie ta ry  mag -  

neslum in  the diet, in t e r fe r e s  with the percent re ten t ion  o f  calcium
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There was s ig n i f ic a n t  r i s e  in  calcium balance during the progress  

o f  experiment i n  group H  when compared to that, o f . groups 1 and 

111 and no s ig n i f ic a n t  d i f fe ren ce  between the groups I  and I I I ,  

in d ic a t in g  that, supplemental ammonium ch loride  enhance the re ten  -  

t io n  o f  calcium,, whereas supplemental horse gram e x t ra c t  had not  

shown, any s ign if ic an t  in fluence  on percent re ten t io n  o f  calcium, 

bu t  had a trend towards b e t te r  percent re ten t ion  o f  calcium

Phosphorus:- Data gathered on percent re ten t ion  o f  phosphorus 

from three groups, I ,  I I  and I I I  a t  the beginning, and a t  the end o f  

the experiment be ing  46-64 and 35.24? 45*28 and 43*24 and 47*48 

and 37.72 per cent r e s p e c t iv e ly , ' revea l a s ig n i f i c a n t ly  higher • 

phosphorus balance during the progress o f  experiment in  group I I  

when, compared to that o f  groups I  and. H I ,  in d ic a t in g  th a t  h igh  

d ie ta ry  magnesium in te r fe r e s  with the percent re ten t ion  o f  phos -  

phorus while supplemental ammonium ch lo ride  enhances the re ten t ion

o f  phosphorus. Supplemental horse gram e x t ra c t  showed only a 

tendancy to enhance the re ten t ion  o f  pho,sphorus.

Magnesium_; Data on. percent re ten t ion  o f  magnesium obtained  

from the three groups I,. I I  and H I  during the beginning and at 

the end o f  the. experiment being 32-20 and 42 . 4 9 ? 51-85 and 40.01 

and 34.00  and 41.80  re sp ec t iv e ly  revea l  no s ig n i f ic a n t  d if fe rence  

between the groups, in d ic a t in g  that, higher, the d ie ta ry  magnesium, 

higher w i l l  he the percent re ten t ion  o f  magnesium, Neither supple -  

mentation o f  ammonium, ch lo r ide  .nor horse gram e x t ra c t  had any s ig  -  

n if ic a n t  in fluence  on percent retention, o f  magnesium when, fed along  

with high magnesium ca lcu logen ic  ra t ion .  Percent re ten t ion  o f  

magnesium values in  a l l  the three groups have been increased  tow -  

ards the termination, o f  the experimental period , but the increase  

in  magnesium re ten t ion  was more pronounced in  groups I ,  H I  and 

I I  in. that descending order.

Ni trogen : Percent re ten t ion  o f  nitrogen, recorded f o r  the

three groups. during the beginning and at the termination, o f  the 

experiment* being 32.60  and 41*30? 34*35 aild 43*50 and 31*43 aad 

40.65 per cent fo r  the groups I ,  H  and H I  respect ive ly ,,  had no



-  18 -

no s ig n i f ic a n t  d if fe ren ce  between the three, grou.ps with regard  to 

percent, re ten t ion  o f  n itrogen , in d ic a t in g  thab 'h igh  d ie ta ry  magne. -  

sinm alone or in  combination with e ith e r  supplemental ammonium chi -  

oride  or horse gram, extract had any s ig n i f i c a n t  in fluence  on percent 

re ten t ion  o f  n itrogen . The percent, n itrogen  retention, was increased  

in  a l l  th"e three groups, the extent- o f  percent n itrogen  re ten t ion  i s  

b e t te r  in. group I I ,  I  and I I I  in  that  descending order.

Microscopic Examination o f  Urine. -

• Microscopic examination o f urine fo r  the presence o f  c r y s t a l lu r ia  

revea l that, c r y s t a l lu r ia  was absent i n  group I I  whereas group I I I  had  

comparatively l e s s  in te n s ity  o f  c r y s t a l lu r ia  than group I ,  in d ic a t in g  

' that supplemental ammonium ch lo ride  preventing the c r y s t a l lu r i a  but 

n ot  by supplemental horse gram, extract . The urine pH recorded -during  

the experimental period  fo r  the groups I (J I I  and I I I  be ing  8 .4 , 8.0 

and 8.5 re sp e c t iv e ly  in d ic a t in g  that both the d ie ta ry  treatments had. 

not exerted  any profound in fluence  on u rine  pH. The average urine  

volume recorded fo r  the three groups be ing  1412. 9>, 1866.93 and 1774- 74 

ml./day re sp ec t iv e ly  f o r  the groups I ,  I I  and I I I  in d ic a t in g  the poss -  

i b l e  d iu re t ic  e ffect , o f  both the d ie ta ry  treatments ( r a t io n s  B. and C-). 

Postmortem Studies

On postmortem and h isto  p a tho log ica l examination, group I  exhi -  

bited  severe gross and h istopath o lo g ica l  t issu e  changes in  the kidney 

and bladder and also found to have numerous gross and m icroca lcu li  in  

, ; the kidney, which confirmed the ca lcu logen ic  e f f e c t  of Ration. A, Goats 

(group I I ) fed  on ra t io n  B had not shown any gross le s io n s ,  had only  

mild h istop a th o lo g ica l  changes in  the kidney and b ladder and had neb 

found to contain any gross and m icroca lcu li in  the kidney, which ind -  

icated  the p oss ib le  b e n e f ic ia l  e ffect- o f  ammonium ch lo ride  in  the pre -  

vention o f  u r in a ry  c a lc u l i ,  whereas goats (group I I I )  fed  on. ra t io n  'C- 

were found to contain le s s  number o f gross and m icroca lcu li  in  the 

kidney along with gross and h is topath o log ica l  changes in  group I ,  

which in d icate  that horsegram extract i s  not e f fe c t iv e  in  the preven -  

t ion  o f urinary  c a lc u l i  completely, but had a tendancy to reduce the 

incidence o f u r inary  c a lc u l i  when supplemented along with high mag -  

nesium ca lcu logen ic  ra t ion .
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Conclusion.; From an o v e ra l l  assessment o f the data gathered  

during the course of feed ing  t r i a l ,  i t  can. be reasonably concluded 

that a ra t io n  having 1-. 194 per cent-calcium , O.578 per cent phosphorus 

and 1,202 per cent magnesium, was found to be ca lcu logen ic  f o r  goats.  

Supplementation of ammonium: ch lo ride  along with high magnesium c a l  -  

culogenic ra t ion  at the ra te  of one per cent l e v a l  prevented the 

ca lcu li f fo rm at io n  in  goats, while horse graj extract, had not preven -  

ted the c a lc u l i  formation completely but had a tandancy to reduce the 

occurrence of c a lc u l i  .

C.. EFFECT UF SUPPLEMENTATION. OF ELEMENTAL SULPHUR. CALCIUM OXIDE .

AND VITAMIR D ON. THE AMELEORATION OF URINARY CALCULI IN GOATS

Twenty four I*Ialab.ari male goats in  the age group of 10 to 

14 months were u t i l i s e d  f o r  the study. They were d is t r ib u ted  randomly 

into 4 groups o f  6. animals each (Groups I *  I I , , I I I  and IV). as unifo  -  

rmly as p oss ib le  with regard  to age and weight. A l l  the animals were 

maintained on id e n t ic a l  conditions o f management and fed in d iv id u a l ly .  

'Wholesome water was provided M .  l ib itu m . Guinea grass was fed  as 

roughage. Experimental duration  i s  120 days.

Ration Treatment

R a l ie n  K: Control ca lcu logen ic  ra t ion  contain ing calcium to the

extent, o f  1.194 per cent , phosphorus 0.578 per cent and. magnesium 

1.202 per cent

Ration Ration A supplemented with elemental sulphur to the

extent o f  1.044 per cent

Ration 0; Ration A supplemented with c.alcium. to the extent o f
2.2 per cent

N at ion  P : Ration, a supplemented with Vitamin D3 to the extent,
o f  550 I .G -  /Kg- feed

A l l  the groups o f  animals are assigned to each ra t io n  and the 

experimental duration i s  120 days.

. The experiment i s  in  progress '
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C.ALCI1LUGPNMSIS Ifl. ALBItJU RATH

Humexous studies have been, reported i n  the l i t e r a t u r e  on 

the effect, o f  the mineral content o f  d ie ts  on the seve r ity  o f  dental  

ca r ie s  in  ra ts .  In  the course o f s im ila r  in v e s t ig a t io n s  Losee, and 

Gerende (.1957) observed that numerous ra ts  died on some d ie ts  which 

appeared which appeared to be adequate.. Autopsies revea led  extreme, 

d is ten s io n  o f  b ladder, accompanied by extensive stone form ation in  

the u r in a ry  apparatus (Vanreen, Lyon and Losee, 1958) .

In ves t iga t ion s  on u r in a ry  c a lc u l i  i n  experimental animals 

have led  to va luab le  information, concerning the fa c to r s  which are. 

pred isposing to th is  condition. CLsborne, Mendel and Pe rry  ( 1917)  

demonstrated the in fluence  o f  vitamin A de fic iency  on stone formation  

while Rosenow and M elsser ( 1922) c l e a r ly  i l l u s t r a t e d  the e f f e c t  of. 

chronic in fec t ion .  Keyser (.1945) and Wilson, Benjamin' and Leahy 

( l945 ) d irected  a tten t ion  to high d ie ta ry  m inerals i n  causing u r in a ry  

c a lc u l i  while Schneider and Steenbock (1940), in d icated  that d ie ts  

extremely low i n  phosphate would lead, to u r o l i t h i a s i s .  Since. Albino; 

Rats r a r e ly  produce c a l c u l i  under normal conditions, some method o f  

inducing ca lcu logen es is  i s  necessary be fore  u r o l i t h i a s i s  can be 

studied.

During the course o f  an in v e s t ig a t io n  in, a lbino ra ts  attempts 

have been made to induce u r in a ry  c a lc u l i  by f o r t i f y i n g  the basa l  

d iet (Ration. AJ with magnesium to the extent o f  1 per cent. (Ration. B ),  

magnesium.- plus ammonium oxa late  to the extent o f  0„5 per cent each 

re sp ec t iv e ly  (Ration G.) f ammonium oxa late  to the extent o f  1 per cent 

(Ration D ),  calcium, to the extent o f  1.6 per cent (.Ration S j ,  urea to 

the extent o f  1 per cent (R at ion  P ) and u rea  plus ammonium, oxalate.

0-5 per cent each re sp ec t iv e ly  (Ration G ) ( in  o rder to prohe i n  depth 

whether these treatments w i l l  induce u r in a ry  c a lc u l i  in  albino ra ts .

Pxnerimenta 1

Weanling male a lb ino ra ts  o f  the Sprague -  Dawley s t ra in  

were used i n  th is  in ves t ig a t ion .  At 50 days o f  age , ra ta  weighing  

between .50 and 45 g. were randomly d is t r ib u te d  into the desired  groups
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o f  6 animals each and placed, in  in d iv id u a l  polypropylene cages.

Food and water were provided && l ib itu m . .

A l l  the experimental animals were weighed weekly and the 

average body weights in  each group ca lcu la ted ! Feed consumption 

data was recorded d a i ly

To fo l lo w  any h i s t o lo g ic a l  and metabolic changes that might 

occur during the development o f  u r o l i t h i a s i s ,  the ra ts  were s a c r i f ic e d  

a f t e r  three months. Blood and urine samples were taken fo r  mineral  

ana lys is  and the kidney and bladder were examined fo r  m icroca lcu li .  ■

The kidney t issu e  was co l le c ted  and preserved in  neutra l bu ffe red  

formalin f o r  h is top a th o lo g ica l  examination. These t i s su e s  were .pro -  

cessed with routine p a r a f f in  embedding method and sections were 

stained with haematoxylene and eosin.

. B r io r  to s a c r i f i c e  7 day mineral metabolism t r i a l s  were 

conducted. Representative samples o f  both feces  and urine  were taken 

separate ly  and were stored in  deep freeze r .  The samples co l le c ted  from 

each rat were preserved, during the en t ire  c o l le c t io n  period  and l a t e r  

pooled and used fo r  fu rth e r  an a ly s is  ■

The feed  samples c o l le c te d  during metabolism, t r i a l  were 

.subjected to proximate an a ly s is  as per standard procedure (AGAC,. 1990) .  

Nitrogen, in  feed and feces  and urine were analysed u s in g  K jeltec. 2000 

d ig e s t io n .and di s t i l l a t io n .  un it  • .

' Calcium and magnesium content in  feed, feces  and urine

samples were estimated by u s in g  Atomic Absorption Spectrophotometer 

(Berkin Elmer,. Model 3110}. Urine phosphorus was determined c o lo r i  -  

m etr ic a l ly  with' Sjjectronic 20 (M ilton  Roy C o . , USA} u s in g  commercial 

phosphorus k it  (Qualigens D iagn ost ic s ).

Feed and fe c a l  phosphorus were estimated c o lo r im e t r ic a l ly  

by n i t r i c  acid  vanado -  molybdate method (AOAC, 1990).



-  22 -

D ie t : Ingred ient composition i s  presented in  Table 1

XnaTedients . Part s

G inge lly  o i l  cake JO

Sengal gram ■ 30

Y/heat 30

Slack gram husk 8

Mineral mixture 1,5

Sa lt  0.5

1 0 0 .0

Experimental out line  with treatment v a r ia b le s  are shown 

in  Table 2 '

. Table 2 .

' ■ Treatment v a r ia b le  :

.V a r iab le s   _____    GltOUPa

A B c I) E F G
6 6 6- 6 . 6 ■ 6 6

Calcium 0.81 ' 0.81 0.81 0.81 1.6 0.81 0.81
Pho sphorus 0.4.4 ■ 0.44 0.44 0.44 0.44 0.44 0.44
hagnesiurn. 0.31 '1 .00 0.50 0.31 0.31 0.31 0.31
Amm. Oxalat e - - 0. 50 1.00 — — 0.50
brea — — —  ' - - 1.00 0.50

Mfrt.aTJbll.SJH b-t.udies: Calcium, phosphorus and magnesium metabolism

studies have been c a r r ied  out us ing  the experimental r a t s  under 

d i f fe re n t  d ie ta ry  treatments. The r e su lt s  are shown under separate  

heads .

■Qe.lC-iiua : Out. o f  the 7 d ie ta ry  treatments, animals maintained on

ra t ion  E f o r t i f i e d  with calcium to the extent o f  1.6' per cent in  the 

.rat ion  exh ib ited  s l ig h t  increase in  serum calcium le v e l  (Table 3) 

when compared to other groups. -daturally the .calcium concentration  

in  urine and feces ,  with a h igher percentage retention  of the mineral 

could be noticed. In  group E, supplemental magnesium to the extent
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of 1 per cent in  the ra t io n  seems to enhance the u t i l i s a t i o n  o f  

calcium and as such the per cent re ten t ion  o f calcium, i s  a lso  

increased, so a lso  in  group D supplemented with ammonium oxa late .  

PfrosphQiCUsi In  a l l  the groups phosphorus le v e l  in  the ra t ion  i s  

almost, id e n t ic a l  ( f a b le  - t̂- seems that, supplementation o f mag —

nesium in te r fe r e s  with phosphorus u t i l i s a t i o n  thereby increased  

excretion  o f  phosphorus through urine and consequent reduction in  

per cent re tention . ■ .

ftagnesiuffl1 Supplementation o f magnesium to the extent o f  1 per cent 

causes increased  u rinary  excretion  o f  magnesium through urine in  

animals maintained on ra t io n  £ and C. (Table  5 ) .  But supplementa -  

t ion  o f calcium to the extent o f 1.6 per cent seems to decrease the 

urinary  excretion  o f magnesium through urine and consequent incre -  

ase in  re tention  of magnesium ■ .

In c id en ce o f  C a lcu l i

Renal l i t h i a s i s  was manifested in  three waysj Production  

of stones,, formation, o f  small white f la k e s  detectab le  with the d is  -  

sec t in g  microscope and c a l c i f i c a t io n  in  the rena l tubules and in  

t.ie renal t is su es ,  tjnly in  gxoups B, CJ I) and E had an incip ience  

o f c a lc u l i  formation (Table 6 I t  manifests in  the form o f  white 

f lakes, in the p e lv is  o f  kidney which do not have the co lou r, crys -  

t a l l i n e  appearance or hardness o f  stones. The stones did not appear 

to in te r fe re  with the feed consumption of the experimental animals.

The re su lt  o f  the metabolism study and post mortem and 

h istopa th o lo g ica l  examination o f the t is su e s  o f the experimental 

animals ind icate  that there i s  an in i t i a t i o n  o f  c a lc u l i  formation  

in  high magnesium supplemented groups (groups B and C) whereas in  

groups D and E supplemental calcium and ammonium oxalate, seems to a 

le s se r  extent to induce c a lc u l i  formation in  ra ts  (Table  6).

Further experiments on e f f ic a c y  o f c i t r i c  acid  and 

DL -  Methionine in  the ameleoration o f  g lyco la te  induced u r inary  

c a lc u l i  in  growing ra ts  i s  in  progress. .



TABLE - 5

Eat- Experiment, -  E f fe c t  o f  Dietary Treatment on Calcium. Betabolism

GROUP

A : B G D E. E G

Body weight of 123.; 3 
ra ts  (g . ). ' ,

123.2 124.0 ; 125.0 123.7 122.0 122.3

• I
Serum Calcium. 9-45 
(mg-,/100 m l.)

9.25 9.32 . 9.10 .9.85 9-25 9.35

Calcium intake.. 104.0 
(mg./day) . ■,

o Js. . . O

o•OJo
102.0 200.0 102.0 101.0

Urinary Calcium. 15.'5 
(mg,/day) . ^

12.5 16.2 14.5 . 32.5 13.5 12.5

Faecal Calcium. 60.0 
(mg./Day) '

58.5 62.5 54.2 90.2 61.0 6o. 5

Apparant Calcium 44-0 
absorption (mg./d)

45.5 39-5 45.8 109.8 41.0 40.5

Calcium. Retention. 28.,,5 
(mg. /day;

33.0 23.3 . 31.3 77.3 27.5 28.0

Fercent Retention 2?.!4 
( * )  ' •

31.73 23.36 : 31.30 77.30 26.96 27.72



TABLE 4 •

Rat Experiment -  E ffect o f  .Dietary Treatment, on Phosphorus

tietabolisa '

A B
GliO.UP

G. . D E. F ' G

Body wei ght o f  1i2 3.3 
ra ts  (g . J

123.2 124»0 125.0. 123-7 1(22.. 0 122.3

3eruin Phosphorus 6.,25 
(rag./1.00 ml)

7.65 '  7-25 7.15 7.05 6.25 6.25

Phosphorus in t .  65. 6. 
(mg. /day).

66.1 65.5 66.6 62.6 63.9 67.3

Brinary Fhosph. H9.2 
(rag./day) ■ ‘

25.2 15*8 18.6 1-2-5 1-7.5 1.5.8

Faecal Pho.s. 31.2 
(mg../day)

32.4 31.2 30.8 31.6 2.9.0 35.1

Apparant. Phos. 54.4 
absorption(mg./d)

33-7 34-3 35.8 31.0  ■ 34.9 32.2

Phosphorus He.tn. 15.2 
(mg./day) ‘

8.5 18.5 17.2 18.5 17.4 1.6.4

Percent Re.tn. 23.17 12.86 28.24 25.82 29.55 27.23 24.37



Rat Experiment — Effect, o f  Dietary Treatment on Magnesium 

Ket a"boli sm

TABLE 5

GROUP
A ■ is c D P G

Body weiglit o f 123.3. 
ra ts  (g. )

123.2 124.0 125.0 123.7 1 2 2 . 0 122.3

Gerum Magnesium 2 ,.75 
(mg. /100 ml. )

4.85 4.-2 5 3.25 3-15 3.02 3.04.

Magnesium intake 45*9 
(mg./day).

147.8 74.4 46.5 46.0 45.4 45.5

Urinary Magnesium 9.5 
(mg./day)

30..2 22.5 9.2 8.5 9-5 10.4

Faecal Magnesium, 13-9 
(mg./day)

4.0.4 1.6.7 16.8 9.1 13.4 11.3

Apyarant Magnes- 32-0 
ium abs, (mg./d)

107.4 57.7 29.7 36.9 32.0 34.2

Magnesium Ret,. 22..5 
(mg./day)

7 7 - 2 3 5 - 2 20.-5 28.4 2 2 . 5 23.8

Percent Retn. 49*0 52.2 47.3 44-1 61,7 49-6 52.3



T ABnm 6

Rat Experiment -  Effect, o f Treatment on incidence o f  Renal

Ca lcu li in  Rats

GROUP No., o f  Rats Norm. Hist..

l 
l

1
 

1 
1

 
1 

1
 

1

1
 t

-1 
1

1
 

1
1

 
1

1
 

1
1

 
1

! 
1 

. 
to

 
1

 t
+ 

I
1

 
1

j 
1 1 1 1

A 6 6 _

B 6 - 6 3' -  ■
a 6 - 6 3 -
D 6 - 6 -  -

jll 6 - 6 _  -

F 6 - 6 -  -

G 6. - 6 — -

Norm. Normal animal with no gross or h is to lo g ic a l  symptoms
of U ro l i th ia s is

Hist. Rats showing only h is to lo g ic a l  evidence o f  nephrocalcinosis/
structura l damage

FI. Rats having white f lakes  but. no stones in  the kidney

St.. Rats showing actual stone formation detectable with
microscope
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1.6 . Summary o f  the t r i a l  : Experiments p erta in ing  to ca lcu logen es is

and a^neleoration in  both ruminant and monogaatric animals i s  in  

progress.

17. Results which can he exp lo ited  on p i l o t / f i e ld  scale  : N i l

1 o'* Pu b lica t ion  : N i l  ' . ■

19. Contribution made by the cooperators -  Y/ell cooperated
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TA.BLlil •

* BODY W E IG H T G AIN ' ENT- K G  OF ANEVlAl js M A IN TA IN E D  ON R A T IO N  A

Anima!: ‘ • ,
DAYS : ■

No; ■ ^ : . 7 - 14 21 28 35 42 49 :56 ;
) "

63 , 70 77 84 91 98 105 . 112

1. 23.:) ■26.0 25.5 25.7 28.5 28.1 29.3 28.8 28.11, . % 29.2 29.5 30.1 30.5 30.9 31.2 31-.5 32.3

2. ;2L.') 22.0 22.3 22.7 25.5 25.6 26.3 26.4 . 27.:; 27.5 ■ 27.8 28.2 28.5 28.8 29.2 29.5 30.0

3. ■'15.4 17.5 17.5 18.4 21.0 21.2 22.0 22.3 - 23.1 23.5 23.8 24.1 24.5 24.8 25.2 25.5 25.8

4. .14.0 : j 15.5 15.4 17.0 18.4 21.6 19.8 20.9. 21'3 ■ 21.6 22.0 22.3 22.5 22.8 23.1 23.5 23.7

5. : 17.0 17.3 18.7 18.8 21.1 21.8 1 23.0 23.1 24.0- 24.2 ' 24.5 24.9 25.2 25.5 25.8 26.1 26.5

6. 14.0? 14.0 14.2 15.3 15.8 16.7 16.8 17.3 18.8 \ 19.0 19.2 19.5 19.8 20.1 20.5 20.8 21.0

7. . 13. B 14.8 15.5 16.0 17.2 17.8 18.8 19.8 20.4 ; 20.8 21.2 21.5 ,21.8 22.1 22.4 22.7 23.0

8. 16.3 as.s 16.0 17.2 18.2 18.8 19.8 20.4 20.8 S 21.0 21.4 21.7 22.0 22.1 22.5 22.7 23.0

9. 24.0 24.2 24.5 25.5 27.6 . 27.7 27.8 28.3 29.3 ; 29.8 30.0 30.5 30.8 31.2 31.5 31.8 32.2

Average ■ i7. d  
. .

18.5 18.9 19.6 21.5 22.1 22.8 23.0 23.7 24.1 24.4 24.7 25.1 25.4 25.7 26.0 26 A
' .



; ' TABLE I

BODY W E IG H T  G A IN ’ M  Kg OF AN IM ALS  M A IN TA IN E D  ON R A T IO N  B

AnimU > DAYS
.  4 f  . • • - I  . i ..

No: 0 . 7 14 21 28 35 42
4 9 ; . .  ',5 6  ' 63 70 77 84 91 98 105" 112

10: : 24.0 24.0 24.5 25.5 27.6 26.6 27.8 28.3 29.3 . 29.5 29.8 30.0' 30.4 30.7 30.9 31.2 s 31.8 ;

11. 22-°; 23.0 24.8 24.2 26.4 26.9 28.0 .28.1 ; 28.8 30.1 30.5 30.8 31.0 ' 31.5 31.8 31.9 . 32.0
.. * -  ,

12. ' , ; 12.2 12.5 12.5 13.6 15.0 14.9 15.2 16.1 ' ;17.0 - 17.2 17.5 17.8 17.9 18.0 18.5 18.7 U9.0
*■ -'•» y.ii'J M fa  r . - - . i—j -<» •

13. :• ! 13.8
■ r i ! *

14.5 15.5 16.0 17.2 21.0 ' 18.8 19.8 20.4 : 20.8 20.9 21.2 21.5 21.8 22.1 22.2 r 22.9

14. T6.3 15.5 15.5 16.5 18.4 19.3 20.2 20.3 21.3 21.8 22.0 22.2 22.5 22.8 23.1 23.3 ' 23.5

15. 18.0 19.0 20.0 21.3 23.1 24.6 23.4 .25.1 24.8 25.2 25.5 25.8 26.2 26.8 27.1 27.2 - 27. 5

16. :22.0 23.0 24.8 24.2 26.4 26.9 28.0 28.1 28.8 29.0 29.2 29.5 30.1 30.4 30.7 31.0 ‘ 31.5

17. 12.2 12.5 12.8 13.6 14.2 14.9 15.2 16.1 . 17.0 17.2 17.5 17.8 18.2 18.5 18.9 19.4 19.7

18. ;
t

■ 18.0

‘ .i •

19,0 20.0 21.3 22.1 21.5 22.0 22.5 22.8 , 23.0 23.5 23.8 23.9 24.2 24.5 25.8 26.1
i  '  i  ‘ 1

■ . i

Average I17'? 18.1 18.9 19.6 21.2 21.8 22.1 22.7 2i.4
:

23.8
'

24.0 24.3 24.6 25.0 25,3 25.6 26.0 j



. . ' ' f ’

RED C E L L  CONCENTHATiONdtlilirons/mni^ OF! THE AN IM ALS  M AIN TA IN E D  O N  R A T IO N 1 A
I

TABLE m •

Anitnal- - t * V DAYS

. No.
-----Li----

0 14 28 : 42 : -1 i . ■ . )
■ . 56' '

‘ . 1 • ‘ *.
70 84 98 . 112

! 1*. • i , 17.80 17.55 17.45 17.85': ■ . , 17.25 17.28 17.55 17.25 17-35 ;i;

. 2- 16.59 16.55 • 16.75 16 . 25 ' . i 16.85 16.80 16.55 16.75 .16.45;
- .

: - 3. 14.79 14.58 14.75 14.45* . ’ ; 14.85 14.58 14.75 14.95 14.79 i ;
. i ‘

; 4. 16.8 16.45 16.75 16.45; t . 16.55 16.45 16.85 16.75 ■ 16.44

■ ' ' ! 5- : 16.79 16.65 16.85 16.52: ; . 16.42 16.45 16.55 16.54 16.75; ?

■ 6. 15.06 15.42 14.95 14.98 '  '  15.15 • 15.25 15.15 15.05
i < - I •

s 14.95. t

i  7 -  ' 16.35 16.35 16.25 16.28- ' 16.18 16.25 16.30 16.35 16.35- '
‘ i  >

8. 16.44 16.42 16.21 16.52 16.12 16.45 16.25 16.45 16.52 ;i  ■

' 9 . 16.35 17.25 17.52 17.28.' 17.55 17.15 17.25 17.32 :  17.25. :

A verage
■ '

16.44 16.37 16.39 16.29 16.32 16.30 16.34 16.38 '  1&.32



TABLE: IVI

RED CELL CONCENTl^TIONfMillionVmmh OF THE ANIMALS MAINTAINED O N  RATION B

: Animal
. -.-i M , i :

D AYS
* f ■' .

; ;  . No. 0 14 28 ■ :;J42 ; 56 70 84 ; .98 , 112:

■ 1 0 - 16.58 16.75 16.25 ; 16.48 : :
■ . r .  . - K i

16.45 16.55 16.45 16.75 ; b T6.35

11. 15.12 15.15: . . 15.25 !  15.14 ! 15.15 15.25 15.25 ‘ 15.15 '<15.35 •••

’ 12. 17.80 17.52 17.68- ■ ' M & k ; 1 17.45 17.25 17.35 ; 17.80 i
- ■ 'V ,
a 7-75 ■:

13. 17.97 . 17.85 . 17.95 :
•r •• t .

: l'f.58; .
. ■ J r  1

17.62 17.85 17.55 17.65 ; r  (17.7 4 '

, 14. 13.16 13.15' 13.75 ; *3-25 J | : 13.45 13.25 13.45 13.35 ' ! 113.65 i
■ f:' , / ; 1

15. 16.47 ■ 16.75 I : 16.45-. ■ i6.25['-
' ! ;  i  ■ ■ '

. 16.38 16.45 16.55 16.25 il6.$S 1

. . 16. 15.08 15.25 15.18' f r ; i5.^5i -i ' - J s . - . 15.15 15.15 : 15.25t :■ 15.15. ■ ; ; ,15.25 :

17. 16.85 16.52 .16.85
• ( 7 L- ; "
: 16.75 [ / ' 16.52 . 16.75 ■ 16.25 16.45 ; 1 16.25 ;

18. 17.25 17.15; 16.95- , ; 17.15 i1 ;

-. ; ’ f- ;

17122

' * . i  •

17T5 . . 17.25 .

‘ ■ - \

■ 16.95

' ' 'l

H7.25 .

■ 1 ?'

A verage 16.25 16.23; 16.27 I6.12:- : ;  ! 16:15,
’  \

16,18
-------------- i____ i______

16.15
i M  ' i

16.17
___ ___________________ U _ j

16.26



TABLE V

WBC CONCENTRATIQNmrtms'.'m1 l:/mm3I OF THE ANIMALS MAINTAINED ON RATION A>

Animal
1 1 - •

DAYS
i ■ *-

No. 0 14 28* .• s ■ r . .
. ■' j 42' _
> ■ £. .. .

56 70 84 98 i 112> , ■ . y ' ■
1 15.00 15.25 15.25 15.15 15.25 15.25 15.15 15.3f i ; ’ V .15.25

2. 16.70 16.25 15.95' 15.95 16.15 16.25 16.55 16.45 ■ ;• ‘ i , : [ 16.6S

3. 13.75 13.85 14.25’ :;“ 13.95 . 14.15 13.85 14.25 . 14.15 ■’ ' ; 14.05

4. 13.50 • 13.25 13.45 ■ 13.25 13.55 13.25 13.55 13.45 ; • ",13.35

'5. 12.60 12.55 12.25 N !- 12.54 12.48 12.25 12.65 12.35 ; ; 12.45

6. 16.05 15.95 16. IS ' : 16.25 16.15 16.25 16.05 16.15 . .16.25

7. 14.50 14.25 14.28 ‘ ; 14.35 14.50 14.25 14.15 14.28 | 114.32

8. 12.10 12.12 12.50 ? : 12.22' 12.25 12.12 12.28 12.15 : 12.25

9, 16.85 16.15 16.25 ; 16.28 16.32 16.75 16.52 16.55 ,

i ' 5

: 16.15

Average 14.56 14.40 14.48 ; 14.44 14.53 14.47 14.57 14.54’ . 14.52



TABLE VI

WBC CQNCENTRATrQNrrhbt!sand/rnm̂ > QF THT: ANIMALS MAINTAINED ON RATION B

Animal i D AYS : i : ' '

No. 0 14 i, , . -1, ■ '' . 1 ■
42 56 70 84 : 98 112

10. 14.00 15.25 ' 14.85 } : 14.65 15.15 14.20 14.55 : 14.25 ' 14.15

11. 15.85 15.55 k5.65; ' i" 15.72 15.80 15.75 15.80 ■ 1'5.75 : ■; • ■ i ‘ 15.55

12. 12.65 13.25 '12.35: ■ 14.15. 13.65 12.75 1-3.25 ; 13.45 . 13.35

13. 12.75 12.72 1^.55; : 12.35 12.75 12.72 12.75 ' 13-15 : 13.25

14. 13.32 13.52 ::i3f.25; | ■ 13.45 13.15 13.35 13.15 13.25 13.45

15. 14.55 14.25 1-4-55 14.85: 14.65 14.50 • 14.55. 14.25 ' . 14.30

16. 15.45 15.25' . 15.65 !. V 15.45. 15.25 15.50 15.45 ’ 15.25 15.25

17. 15.85 15.65 .15.75 •: . 15.55' 15.65 15.45 . 15.85 15.35 ’1 • - 15.55

18. 14.6 14.75 14-55' :
. ,£ '(• ••

■ f ■ •; | -

1 14.85?

i ' >

14.75 14.25 14.65

f

: 14.73 *

i '■  ̂ '

14.55

A verage 14.35 14.47 14.37' ' 14.56 : 14.56 14.27 14 44 14.38 ' 14.38



TABLE VIII

HAEMOGLOBIN CPNC£r?TKATIQN('Gram°/o) OF THE ANIMALS MAINTAINED ON RATION B

Animal DAYS ! :

No. 0 14 28; 42 56 70' : .8J* 98 112

10. 9.2 9.0 ' 8.5 8.9 9.2 9.2 : 9 :1 * 9.2 9.0

11. 7.6 : 7.5 . : 8.o 8.5 8.5 8.4 8.5 8.2 8.0

12. 8.4 ' 8-5 . > • ; , 8.7 8.6 8.8 8.4 8.51 . 8.2 8.5

13. 8.8 9.0 ; 8.5 8.8 8.5 8.5 8.8 ■ 9.0 8.8

14. 9.4 9.2 ; • 9.0 9.5 9.2 9.0 9:1 | • • 9.0 8.9

15. 7.6 7.8 ; . 8.0 8.0 7.8 7.5 7.2. ' 7.8 7.6

16. 10.2 9.5 . . i 9.5 9.8 9.2 ■ 9.2 : 9.4 9.5

17. 7.8 ■ 7.9 8.0 i 8.5 8.0 ' 8.2 8.4 8.0 8.2

18. 9.2 9.5 ■ , ?-Q 8.9 9.2 9.0 8.8 9.2 8.8

Average 8.7 8.7
-  •

S.-6 8.8 8.8 8.6 8.6 8.7 8.6



HAEMOGLOBIN CONC£NTEATIONrGram°/<A OF THF. AMTVTAT.SI Vt’atN 't'ata/itti' rv\r u> a t?joN B

TABLE Vm

Animal
_i—.—i--_ ‘ ■

DAYS ■ ' : 
; 1 . :. •

No.- 0
1 4

! . 28-
42 56 70 ' . ? 8^ • <I A *; - - ......... : ]

. 98
k -1

112

10. 9.2 9.0 ; i 8.5 8.9 9.2 9.2 : 9.1 • ; ; 9.2 9.0
11. 7.6 ; 7.5 ' if ; 8.0 8.5 8.5 8.4 8:5 5;.: .■ 8.2 8.0
12. 8.4 ■ 8.5 ;■ :■ = ; 8.7 8.6 8.8 8.4 ■ " 8!‘5 [; j.-" : ; ; 8.2 8.5
13. 8.8 9.0 : ; ■ , 8.5 ; 8.8 8.5 8.5 8̂ 8 ; ' "  9.0 8.8
14. 9.4 9.2 ; ' : ' 9.0 9.5 9.2 9.0 9 a ! ■ ‘ • ■ 9.0 8.9
15. 7.6 7.8 ■ ; : 8.0 8.0 7.8 7.5 ■ 7.2 : r ; ; 7.8 7.6
16. 10.2 9.5 : . 9‘8 i 9.5 9.8 9.2 1 9.2 M♦ . - 9.4 9.5
17. 7.8 ■ 7.9 : . 8.0 i - 8.5 8.0 8;2 , 8.4> • ; ‘ 8.0 8.2
18. 9.2 9.5 j 9-0 8.9 9.2 9.0 8.8; : :

• '  r» ;

: ; 9.2

?

8.8

Average 8.7 ' 8.7 
-  ,1

- 
.0

0
- ---

--- 8.8 8,8 8.6 : :  8.6* ■, 1 , 8.7 : 8.6



TABLE IX

PLASMA PROTEIN CONCENTRATIQNfG him°M OF THE ANIMALS: MAINTAINED ON RATION A

Ahirtnl DAYS .

No.; ; ■ O’ 14 28 42 : 56 70 84 98 112 ,

1 ■ 8.8 8.8 8.7 7.5 CO L* * - 
1 1 j 1

8.8 8.4 8.6 8.8

' 2. 8.0 8.0 7.5 7.9 ‘ 8.5 j ' 8.2 8.4 8.5 8.6

: 3. ' ■ . 8.8 8.5 8.7 8.5 8.6; i 8; 4 8.4 8.5 8.6

4. ■ . 7.0 7.5 7.2 8.0 . ' 8.1' ' ■ 7.9 8.1 8.2 8.0

5.: - ' ; 7.0 7.5 7.2 7.2 : ■ 8.0 ; 7 -5 7.5 7.6 7.5

5 ■■ • ■ : 8.7 8.5 8.2 8.5 8.6 j 8.8 8.4 8.2 8.5

7. , 7.0 7.5 7.2 7.5 ' ' 7.7 ? 7.5 7.2 . 7.5 7.5

s. ;■ . 7.0 7.2 7.5 7.7 ; ! 7.5 ’ ; -7.5 ■ 7.5 7.6 7.6

9. ; 8.8 8.5 8.7 " 8.5 : ‘ 8.2.- / - 8.4 8.2 8.6 8.5

Average 8.0 8.0 7.9 7.9 S. 2; • .8:1 8.0 8.1 8 .2 .
j



TABLE' X

PI ASMA PROTEIN CONCENTRATIONSGra m OF THIS IN1MALS MAINTAINED ON RATION B

Anitn ;1 DAYS
■ ' ! ; ;

No. 1 o- 14 28 42 * r ' 56; 70 84 98 112

. 10: : : 8.6 8.5 8.4 8.6 • 8-7, . , ,8.6 8.4 8.2 8.8

u - 1

'• •: 8.7 8.6 8.4 8.7 8.8 . I 8.8: 8.6 8.4 8.8

> ■ 12. : ; ■v: 7.4 7.5 ‘ 7.2 . 7.5 ■ • 7 - 7 . [ :: ' 7.5 7.8 7.6 7.4

H  • ■ 7-6 7.8 8.0 7.5 ! 7-2'. • : ■ : ; 7.5 7.2 7.8 8.0

; 14:. ; * • 7.6 7.8 7.5 7.6 . ' 7.7 : i ; 7.8 7.6 7.5 7.8

-  15.. ; ;  . 8 . o 8.2 7.8 8 . 0 8.5 : ' ;  8.0 8.2 8.4 8.2

: 1(£ ; :
* ..

v ;  >7.2 7.5 , 7.5 7.6 7,5' . 7.5 7.8 7.4 7.6

i7' ; ? 7.0 7.2 7.5 7.2 7 . 8  ? i  ‘7.2 7.0 7.6 7.8

• 1 8 }

t  ■ '

;  7.8 , 7.5 7.2 7.7 . • 7 . 8 ■ 7.2
i

J  * • '

7.8 7.6 7.4

Average , 

* . .  ■ ' *•

7.8 7.8 "7.7 7.8 -S.0
i  -----------------

. 7.8 7.8 7.8 8.0
p~ ■ 1___



TAl LE XT

SERUM CALCTUM CONCENTRATjlONYmg%) ' I>F THE ANIMALS MAINTAINED ON RATION A

Animal ! > ' ... [I AYS' ’ _ ; ■ ; v

; No. 0 14 28
i

. . 42’ •
r ' -

v . 56
If '■ •

70 84 98 ; : 112
, , i 1 :?

'j i, ■ 1: 8.5 8.6 8.6 8-3 : 1 . : 8-5 8.6 8.9 8.8 00

, 2. ^ 8.9 8.6 9.0 . 8.8 S i; Vi • 8.8 8.6 8.8 8.9 ’ 8.8 ;• •
; \ 3'. ■ 8.2 8.5 8.4 8.5 ' i 8.8 8.5 8.4 8.8 . - 8.8 :

8.3 8.5 8.5 8.6 ; V- ! 8.4 8.5 8.4 8.8 9.0 ;

; . ,5, 8.8 8.9 9.0 : 8.8 •:
i

'8.5 8.8 8.9 9.0 i 9.2 \ :

L  ^  5  ; 7.9 8.5 8.2 , . 8.5 ; : .. 5 8.2 8.5 8.2 8.4 8.2 | ; '

■ ?. ; 8.0 8.2 8.2 . : 8.5 ■' i ■; 1 ff.4 ■ 8.4 8.0 8.2 8.4 1

• :  ' 8. •

: '  t

8.4 8.2 8.5 j  8.6 : ; s U -  \  ; 8.4 8.2 8.6 8.4 [■ ;

;
t. * ‘ !

7.5 8.0 8.5
!  '• 8 0  • ? 

. , ;

8-2
■ ! t

7.9 8.5 8.2 5 

»

, 8.8 j .  i

Average
l _  • • ; -

8 . 3 8 . 4 8 . 5 8 . 5 8 . 5 8 . 5 8 . 5 8 . 6  ; 8 - 7  I  ■



TABLE XH

SERUM CALCIUM CONCENTRATION fmg’»/o) QF TKFE ANIMALS MAINTAINED ON RATION B

* ■ ' • ' i . v

; Animat ' . ■■ DAYS . „ • •

' No. • 0 14 28 :.. 42 j. 56 70 84 98 ! : 112 .

, 10- 7.6 8.0 8.2 ; 8.0 7.8 7.6 7.4 7.8 . , 8-2

11. 8.6 8.4 8.6 : ! 8.8 " ; 8.5 8.6 8.4 8.8 ■
!: ■ 

12. 7.8 8.0 . 8.2 ; 8.0 .. ; : 8.5 8.2 7.2 8.0 ■ : 8.5 ;

p  13. 8.6 8.8 8.6 : j i d  ' I ' ; 8.8 8.6 8.8 8.6 ■ ,

14- 7.7 7.5 8.0 f 1 8.5 . ; 8.8 7.8 8.0 8.2 8.8 :

. 15. 8.0 8.4 . 8.5 8.8 , . 8.5 8.2 8.4 • 8.6 . • 8.6 ;. ' i
16. 8.9 8.8 8.8 •. . 8.5 8.5 9.0 8.8 8.5 : 8.6 i ,

: . 17- 8.8 9.0 8.8 : 12 • 8.8 8.6 8.4 8.8 9.0■ ‘ < ■
: 18. 8.6 8.4 8.2 8.5 ,

- . ■ i . 
. ' " 1 

i ‘ 1 .

1 .8.6 I 8.6 8.4 8.5 s i ; I
■ ’ f \

Average S 3 8.4 84 ‘ .8.4 • ■> ■ i ' ' 8j.5 - 
• ’

8.4 8.2 8.4 8.6 * i



TABLE Xm

SERUM INORGANIC PHOSPH iTK CONCENTRATION!-mg%) OF THE ANIMALS. MAINTAINED ON RATION A

Animat . DAYS >

No. 0 14 : 28 42 56 70 ; 84 p 98 112

1 5.2 5.1 . . 5.3 5.5 5.0 5.2 '5.:0!; : 5.5 5.3

2. 5.0 5.2 ■ 5.1 5.5 5.2 5.3 . 5. 0 r  ̂ -. • \' 5.3 5.5

3. 5.7 : ■ 5.5 1 ■ 5.6 5.4 5.5 5.5 . 5.2 : : . 5.2 5.4

4. 6.0 6.2 ; . 6.1 6.4 6.2 6.3 ’ 6.2: 6.2 6.3

5. 5.5 5.3 1 5.4 5.2 5.5 5.5 . ' 5.2; ' 5.3 5.2

5 7.7 : 7.5 : , 7.6 7.2 7.5 7.3 7.2 ■■ 7.3 7.5

7. 7.5 7.5 ' 7.2 7.2 7.7
¥

7.5 ' . ’7.2 ’ 7.4 . 7.5

8. 5.2 • ‘5.4 .. ■ 5.5 5.6 5.0 5.2 ‘5.4 ■ ; 5.6 5.4

9. 5.2 5.4 .

f

: 5.5 5.6 5.4 5.4 5.2
• 1

• ' '  V '

5.4 5.2

Average 5.9 5.9
■ ■ ■

5.9 6.0 5.9 5.9- 5.7' - * 5.9 5.9



TABLE. XIV

SERUM INORGANIC PI[QSPHATE CONCENTRATION!mg%) OF lirm, atm uveal.? i JViAiiN i Airsii,u cjim ka'JL'UJJM a

Animal DAYS

No. 0 . 14 ; 28 42 56 . 7 0 84 1 98 112

10. 4.6 ; • 4.3 1 , 5.0 5.2 5.6 5.4 • 5,2 . 5.4 5.5

11. 6.0 . 6.5 ■ 6.2 6.1 6.5 6.4 ■ 6:4 6.5 6.6

12. ■ 7.0 ■ V . i ; •: 6.5 6.5 7.1 7.2 ■ • 7,2- 7.3 7.2

13. 6.2 6.5 : 6.8 7.0 7.1 7.0 ’ . ! 7-2 ' ■ 7.1 7.2

14. 6.7 . 7.0 • 1 7.1 6.9 7.1 7.2 '
j

7.2
. : 7-2 ■ 7.2 7.3

15. 7.5 7.2 7.4 7.5 7.5 =7.4 7.3 7.5

16. 3.4 4.2 , 4.3 4.5 5.0 5.2 . 5,0 5.0 5.2

17. 5.2 • ; 5.5 ■ ■ 5.8 6.0 6.5 6.4 6.5 6.6 6.5

18. 6.1 . .6.5 6.4 6.8 7.0 7.0 ' ,6.9 ■ 6.9 7.1

Average 5.9 _ ' S.A 6.2
—1_---------------

6.3 6.6 6.6 6.6 6.6 6.7



TABLE XV

SEFL'M MAGNESItmi CONCENTRATIONfmgyo) OF THE ANIM ALS MAINTAINED ON RATION A

Animal DAYS

No. : °' 14 28 42 56 : . .70 84 98 112

1 . . . 2.9 ' 3.2 2.5 2.8 2.9 , 3.0' . 2.8 2.9 2.9

2. ■= 2.8- 2.5 2.8 3.2 2.8 f 3.0 3.1 2.8 3.0

3. ' '2.5 2.2 2.5 2.8 2.8 ' • '2.6 . 2.6 2.4 2.8

4. ■. , ’ : 2.9 2.2 2.5 2.9 2.9 ■ . 3.0 2.9 2.9 3.0

5. ; 2.9 2.8 3.0 3.0 3.1 ; 2.8 2.9 3.0 3.1

6 ; !. 3.6- 2.8 2.9 3.0 3.2 ■ '3.5 3.4 3.5 3.6

7. ; 3.4 3.8 3.1 3.0 2.9 ; 3.5' 3.0 3.2 3.0

8. . 2-3; 2.4 2.5 2.5 2.8 , .2.5 . 3.0 3.0 2.8

9. 2.4 2.5 2.8 3.0 '3.0 ■ 2.8 2.5 3.0 2.7

Average 2.8' 2.6 2.7 2.9 2.9 3.0« 2.9 3.0 3.0



TABLE XVI

SERUM iT VGlSrESrUM CONCENTRATION(mg%> OF TlTE ANEV.LA'.LS MAINTAINED ON RATION B

Animal • : : . ■ d a y s  ; . . ■ • ■

No. 0
. i .

. 14 28 42 56 . 70 •
. . . ■ i

84 98 112

10. , 2.L : 2.5 2.8 2.5 3.2
1 

. . 3.2 3.4 3.5

11. 2.3 . 2.5 2.8 3.0 3.2 . 3.5 ; 3.4 3.8 3.8

12. 2.2 : 2.5 2.8 3.2 3.3 , . :3:5 - ’ 3.5 3.7 3.8

i. 13. 2.9 3.2 3.4 3.8 4.0 ' 3.8 ’ 4.0 4.2 4.1

14. -js
j- CO 3.2 3.5 3.9 4.5 3:8 3-9 4.0 4.1

15. : 2.1 2.5 2.5 2.8 3.0 3.2' ; 3.4 3.4 3.5

16. ; 3.2 3.5 3.9 3.8 4.5 4:4r ' • ■ 4.5 4.6 4.5

. 17. ! ; 28 ; 3.5 3.8 4.0 4.8 . .5:0, ; .- 4.8 5.2 5.0

18. 2.2’ ; 2.8 3.2 3.5 4.0 4-2 ' ■
1 ■ r .  :

• 4.0 3.8 4.0

Average . 2.6 '
* - '

2.9 3.2 3.4 3.8 X 9  :' 3.9 4.0 4.0



Table 1. Average weekly body weight (kilogram) of animals
maintained on the" experimental rations (Rations A,
B and C) -

Treatments Ration A Ration B Ration C

Number of  
animals

6 \
v 6 6

0 day 22 . 39±0 .93 22 . 53±1 .24 22 . 30±1 .0 1

1 week 22 . 85±1 .04 22 . 99±1 .30 22 .75 + 1 .04

2 23 .29 + 1 .25 23 . 44±1 .35 23 . 2 0 ± 1 .08

3 23 . 73±1 .29 23 . 8 8 ± 1 .35 .. 23 . 64±1 . 13

4 24 . 16±1 . 34 24 . 32±1 .39 24 .07 + 1 . 17

5 24 .58±1..39 24 . 75±1 .'4 3 ' 24 . 50±1 .2 2

6 . 24 . 9 9 ±1 .,42 25 . 18±1 .49 24 .93 ±1 ..24

7. 25 . 41 + 1. 45 25 ..61+1.. 55 25 . 35±1,.28

8 25 .. 84±1.46 26.. 05±1.59 25 ., 78±1. 31

9 26 . 28±1.45 26. 50 + 1 . 64 26., 2 0 ±1 .37

10 • 26. 72 + 1. 48 26 . 95±1. 69 26 .63±1.41

11 27 .15 + 1 .46 2 7'. 39 + 1 . 73 27 . 06 + 1 .46

12 27 . 59±1 . 52 27 .82±1 . 79 27 .47±1 .51



Table 2. Summarised data on average i n i t i a l  body weight, 
average f i n a l  body weight,.... average cumulative 

. weight gain anch average d a i l y  ga in  of  animals 
* maintained on three d ie ta ry  regimes (Rations A, B

and C)

Treatments Ration A 
containing ■ 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnesium-1.202%

Ration B 
containing 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnesium-1.202 % 
Ammonium 
chloride-1 %

Ration C 
containing 
Calcium-1.194% 
Phosphorus-0 . 578% 
Magnesium-1.202 % 
Horse gram extract 
1 lit/animal/day

Number of 
animals

6 ~ 6 . 6

Initial body 
weight (kg)

22.3910.93 22.5311.24 ' 22.3011.01

Final body 
weight (kg)

27.59±4.52 27.8211.79 27.47+1.51 .

Cumulative 
weight gain 
84 days (kg)

5.20+0.429 5.29+0.445 5.17+0.387

Average daily 
gain (g)

61.9010.004 62.9810.006 61.55+0.002

<1



Table 5 . Average d a i ly  dry matter intake  
maintained on the experimental  
B and C)

’  '\ .

(g) of the animals 
rat ions  (Rations A,

Treatments Ration A Ration B Ration C

Number of  
' animals

6 6 6

0-7 days 727.64 738.06 720 .42

7-14 755.40 479.08 740 .78

14-21 781.95 787 . 82 766.18

21-28 808.92 797 . 68 790.54

28-35 855 . 65 856.87 835.87

35-42 916.82 890.26 884 . 75

42-49 953 .56 939 . 27 920.13

49-56 r 1017.31 998.19 990.56

56-63 1056 . 37 1033 .38 998.12

63-70 ' 1066.53 ' 1052.60 1047.04

70-77 1075 .40 1070 .59 ' 1078.12

77-84 1127 .32 1102.03 1054.00



Table 4 . Average weekly feed  e f f i c ie n c y  of  animals 
. maintained on three d ie ta ry  regimes (unit dry

matter intake per  unit gain) "

Treatments Ration A Ration B Ration C

Number of  
animals

6 6 6

0-7 days
'\

11.07 <l 11.23 1 1 . 2 0

7-14 ' 12 . 02 11.65 . 11.52

14-21 12 .44 12.53 ■ 12 . 19

21-28 13 . 17 12 . 69 12 . 86

28-35 14 . 26 13 . 86 13 . 60

35-42 15 . 65 14 .49 14 .40

42-49 ' 15 .89 15.29 15.33

49-56 . 16 .56 15 . 88 15 . 96

56-63 . 16 .80 16 . 07 16 . 63

63-70 16.96 16 .37 17 .04

70-77 17.50 17 . 03 17 . 55

77-84 17 .-93 17 .94 17 . 99



Table 7 , ■ Average weekly protein efficiency of animals
maintained on three dietary regimes (unit protein
consumed per unit gain)

Treatments Ration A Ration B Ration C
Number of  
animals

6 6 . 6

0-7 days 1.97 1.95 1. 99
7-14 2 .14 2 . 03 2 . 05
14-21 2 . 2 1 2 .18 2 .17
21-28 2.35 '■ 2 . 2 1 2 . 29
28-35. 2 . 54 2 .43 • 2.43
35-42 2 . 79 2 .53 2.57
42-49 2.83 2 . 66 2.73
49-56 2 . 95 2 .76 2 . 84
56-63 2 .99 ' 2 . 80 2 . 96
63-70 . 3.02 - 2 . 85 3 . 04
70-77 3 . 12 2 . 96 3 . 13
77-84 3 .19 3 . 1 2 3 .20



Tablea  . Summarised, data on d a i ly  dry matter consumption,
1 dry matter, consumption per 100 kg body weight,

average cumulative feed e f f i c ie n c y  and average 
cumulative protein  e f f i c ie n c y  of  goats maintained 
on three d ie ta ry  regimes (Rations A, B and C)

Treatments Ration A 
containing 

. Calcium-1.194% 
Phosphorus-0.578% 
Magnesium-1.202%

Ration B 
containing 
Calcium-1.194% 
Phosphorus-0.578% 
Magnesium-1.202% 
Ammonium 
chloride-1%

Ration C 
containing 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnesium-1.202 % 
Horse gram extract 
1 lit/animal/day

Number of 
animals '

6 6 6

Average daily 
dry matter 
consumption
(g)

928.57 917.98 901.38

Dry matter 
consumption 
per 100 kg 
body weight

3.71 3 . 64 3 . 62

Average
cumulative
feed
efficiency '

15.02+0.141 14.5810.109 14 . 69±0.150

Average
cumulative
protein
efficiency

2.6910.022 2.6010.20 2. 6210. 023



Table 9 Average t o ta l  erythrocyte count (TEC) (10‘/ W )  ° f  
Table % • £n .maf B maincained on the experimental patrons

{Rations A, B and C)

Treatments Ration A Ration B Ration C

Number of  
animals

6 6 6

r>

0 day 12 .41±0 .72 12 .45±0.63 ■ . 12.92+0.46

2 8 day 13 .25 + 0 .54 12 .25±0 .37 13 . 97±0.35 .

56 day 12 .58+0.68 13 . 00 + 0 .55 12 . 04 + 0.59

84 day 1 2 .7 0 ±0.63 13.34+0.66 12 . 84±0 . 64

Table 1'0. Average to ta l  leucocyte count (TLC) (10 /mm ) of 
- animals maintained on the experimental rations

(Rations A, B and C)

Treatments Ration A - Ration B Ration C

Number o f ' 
animals

6 6 6

0 day 11.93±0.51 12.16±0.72 11 .76+0.44

2 8 day 10.54±0.85 11 .40±0 . 24 1 1  . 10±0 . 42

56 day 1 1 . 94±0.30 12 ,70±0 .38- 11. 45±0-. 3 6

84 day 1 1  . 08±0.69 1 1 . 86±0.59 11 . 48±0.71



Table 7 7  . Average haemoglobin concentration (g/dl) of
animals maintained on the experimental rations
(Rations A, B and C)

Treatments Ration A Ration B Ration C

Number of 
animals ■

6 ■ ' 6 6

0 day 8 .37±0.26 8.57*0.27 8 .53*0.22

2 8 day 8 .41±0 . 35 8 . 04*0.28 8.26*0.38 -

5 6 day 8.63*0.75 8.25*0.16 8 .44*0.46

84 day 8.27*0.22 8.40*0.23 8.23*0.17

Table 72*. Average plasma prote in  concentration (g/dl) of 
animals maintained on the experimental rat ions  
(Rations A, B and C)

Treatments Ration A - Ration B Ration C

Number of  
animals

6 6 6

0 day . 7.77*0.29 7.38*0.62 7 .02*0.17

28 day 7 . 92*0.18 7.83*0.21 7 .45*0.26

56 day * 7.49*0 .26 7.26*0 .63 ' 7 .57*0 .43

84 day 8.09*0.36 7 .43*0 .4.8 7.79*0.46



Table 1? . Summarised data on TEC, TLC, haemoglobin and
plasma protein values of goats maintained on three

• experimental rations for a period of- 84 days

Treatments Ration A 
containing ’ 
Calcium-1.194% 
Phosphorus-0.578% 
Magnesium-1.202%

Ration B
containing . 
Calcium-1.194% 
PhoBphoruB-0•578% 
Magnesium-1.202% 
Ammonium 
chloride-1% '

Ration C 
containing 
Calcium-1.194 % 
Phosphorus-O.578% 
Magnesium-1.202% 
Horse gram extract 
1 lit/animal/day

Number of 
animals

6 6 6

TEC (xloVmm5)

Initial (0 day) 
Final (84 day) 
Difference

12.41+0.72 
12.70+0.63 
0 . 29

12.45+0.63
13.34+0.66
0.89

12 . 92 + 0.46 
12.84+0.64 
0 .08

TLC (xlOVmmJ)

Initial (0 day) 
Final (84 day) 
Difference

11.93+0.51
11.08+0.69
0.85

12-.16 + 0.72 
11.86+0.59 
0.30

11.76+0.44 
11.48+0.71 
0.28

Haemoglobin (g/dl)

Initial (0 day) 
Final (84 day) 
Difference

8 . 37±0.26 
8.27±0.22 
0.10

8.5710.27 
8 .4010.23 
0. 17

8.5310.22 
8.23+0.17 
0.30

Plasma protein (g/dl)
Initial (0 day) 7.7710.29 
Final (84 day) 8.0910.36
Difference 0.32

7.3810.62 
7.4310.48 
0, 05

7.02+0.17
7.97+0.46
0.95



Table 114; . Average serum calcium concentration (mg/dl) of
animals maintained ' on the experimental rations
(Rations A, B and C) ■

Treatments Ration A Ration B Ration C
Number of  
animals

6 6 6

0 day 10.41+0.18 10 .32+0.21 10.50+0.16 '
2 8 day 8.93+0.44 9 .4 5 ± 0 .17 8 .73-0 .25 ‘
5 6 day . . 8 .27±0 .12 8 . 79±0.2 8 8 .31±0.36
84 day 7 .08±0.23 8 . 63 + 0 . 20 3 .32-1.11

Table 15. Average serum inorganic phosphorus 
(mg/dl) o f  animals maintained on the 
rat ions  (Rations A, B and C)

concentration
experimental

Treatments Ration A Ration B Ration C

Number of 
animals

6 6 6

0 day 5 ,35±0.11 5 .31±0.16 5 . 58±0.21

2 8 day 5 . 94+0 .21 5.62+0.23 5.75±0 .34

5 6 day 6.72+0.34 5 .73±0.40 6 .30±0 .32

84 day . 7.67+0.07 6.10+0.10 6 .69±0.08



Table . Average serum magnesium concentration (mg/dl) of
animals maintained on the experimental rations
(Rations A, B and C)

Treatments ' Ration A Ration B Ration C

Number of 
animals

■6 6 6

. r*

0 day 2 . 60 + 0 . 1 2 2.53*0.20 2 . 67*0.17 '

28 day 4.78+0.28 3.41*0.26 ' 3 .99 + 0.28

5 6 day 5.65+0.21 4 .16*0.32 4 .71*0.36

84 day 6.08±0.15 4.70*0.14 ' 5.50+0.12



Table ifjf. . Summarised data on serum calcium, serum inorganic
phosphorus and serum magnesium values of goats

• maintained on three experimental rat ions  fo r  .a
period of  84 days

Treatments Ration A 
containing 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnesium-1.202%

Ration B 
containing - 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnes ium-1.202% 
Ammonium 
chloride-1%

Ration C 
containing 
Calcium-1.194% 
Phosphorus-0.578% 
Magnesium-1.202% 
Horse gram!extract 
1 lit/anim^l/day

Number of . 
animals

6 6 ' 6 ■

 ̂> - Serum calcium (mg/dl)

Initial (0 day) 
Final (84 day) 
Difference

10.4110.18 
7.0810.23 
3.33

10.32+0.21
8.63+0.20
1.69

10.50+0.16
8.3210.11
2.18

Serum inorganic phosphorus (mg/dl)

Initial (0 day) 
Final (84 day) 
Difference

5.3510.11 
7.67+0.07 
'2.32 .

5.3110.16 . 
'6.10+0.10 
0.79

5.58+0.21 
6.69+0.08 
1.11 '

Serum magnesium (mg/dl)

Initial (0 day) 2.60+0.12 
Final (84 day) 6.0810.15 
Difference ■ ' 3.4 8 - ■=

2.53+0.20 
4.70+0.14 
2.17

2.67+0.17 
5.50±0.12 
2.83



Table 18. Data on calcium balance and per cent calcium 
retention  of the animals in three groups- 
maintained' on conventional concentrate rat ion  
during i n i t i a l  (0 day) metabolism t r i a l

Groups I . I I I I I

Number of  animals 6 6 6

Calcium intake (g/day) 9 .091 8 .139 8.391

Calcium outgo

Faecal (g/day) • . 3 .352 2 .925 ■ 3.147

Urinary (g/day) 0 .104 0 .109 0 .108

(mg/dl) 7 .542 7 .334 7.956

Total (g/day) 3 .456 , 3.034 3 .247

Calcium balance . 5.635 5.105 5 .144

Per cent retention  
of calcium

62 .05 62.71 61.04



Table 19.. Data on calcium balance and per cent calcium 
retention  of  the animals in three groups 
maintained on three d ie ta ry  regimes during second 
(28th day) metabolism t r i a l

Treatment Ration A Ration B Ration C

Number of animals ■ 6 6 , 6

Calcium intake (g/day) 10.028 ' 9.970 9 . 728

Calcium outgo • ,'

Faecal (g/day) 3 . 760 3.551 ■ 3.594

Urinary (g/day) ■ . 0.134 0.119 0 .124

(mg/dl) 8 . 2 0 1 6.324 5.701

Total (g/day) 3.894' 3 .670 3.718

Calcium balance 6 .134 . 6  .300 6 . 010

Per cent retention  
of calcium ' .

61.17 63 .19 61.78



Table 2£L. ■ Data on calcium balance and per cent calcium
retention  of  the animals in three groups 
maintained on three d ie ta ry  regimes during third  
(56th day) metabolism t r i a l  .

Treatment Ration A. Ration B Ration C

Number of  animals 6 6 . 6

Calcium intake (g/day) 12 .436 11.920 11.353

Calcium outgo

Faecal (g/day) . 4 .769 4 .109 ' 4.118

Urinary (g/day) 0 .169 0 .126 0.136

(mg/dl) 11.715 6.966 8.136

Total (g/day) 4 . 938 4.235 4 . 254

Calcium balance 7.498 7 .685 7.099

Per cent retention  
3 f  caicium

60 .29 64 .47 62 .53



Table 2-1: . Data on calcium balance and per cent calcium 
retention  of the animals in three groups 
maintained on three d ie ta ry  regimes during f in a l  
(84th day) metabolism t r i a l

Treatments ■ ;Ration A Ration B Ration C

Number of animals 6 6 6

Calcium intake (g/day) ’ 13 .245 13 .349- 12 .129

Calcium outgo ■

Faecal (g/day) . 5.115 4 .304 4 .472

Urinary (g/day) 0 .191 0.128 0 .151

(mg/dl) 12.862 5 . 587 7 . 968

Total (g/day) 5 .305 4 .432 4 . 622

Calcium balance 7 .939 8.917 7 . 756

Per cent retention  
of calcium

59 .85 66.55 62 .65



Table 22. Data on phosphorus balance and per cent phosphorus 
retention  of the animals in three groups 

. maintained on conventional concentrate rat ion
, during i n i t i a l  CO day) metabolism t r i a l

Groups I I I I I I

Number of animals 6 6 6

Phosphorus intake' (g/day) 2 . 788 2.589 ■ 2 . 682

Phosphorus outgo *

Faecal (g/day) 1.384 1.349 1.218

Urinary (g/day) ■ 0 .182 0 .197 0 .199

(mg/dl) ' 13.197 13 .255 14 .661

Total (g/day) • 1.566 1 .547 1 .418

Phosphorus balance  
(g/day) .

1 . 2 2 2 1.163 1.264

Per cent retention  
of phosphorus •

46.64 45.28 47.48



Table 2 3 . Data on phosphorus balance and per cent phosphorus 
retention  of  the animals in three groups 
maintained on three d ie ta ry  regimes during seconc 

' (28th.day) metabolism t r i a l

Treatment Ration A Ration B Ration C

Number of animals 6 , 6 6

Phosphorus intake (g/day) 4 . 954 4 . 985 4 .775

Phosphorus outgo

. Faecal (g/day) 2 .572 2 .538 2 .461

Urinary (g/day) . 0.290 0 .2 8.6 0.231

(mg/dl) 18 . 23 7 - 12.011 • 10.621

' Total (g/day) 2 . 870 2.764 2 . 692

Phosphorus balance 2 .084 2.2-21 2 .083

Per cent retention  
of phosphorus

42 .07 44.56 . 43 .63



Table 24-'. Data on phosphorus balance and per cent phosphorus 
• retention  of  the animals in .three groups

maintained on three d ie ta ry  regimes during th ird  
(56th day) metabolism t r i a l

Treatment . • Ration A ’ Ration B Ration C

Number of animals 6 6 6

Phosphorus intake (g/day) 5.990 . 5.742 5.594

Phosphorus outgo

Faecal (g/day) 3. 502 3.460 2 . 996

Urinary (g/day) . 0.438 ' ' 0.239 . 0.258

. (mg/dl) 30 .362 13.214 15.434 .

Total (g/day) 3 .925 3.221 • 3 .254

Phosphorus balance 2.065 . 2.521 . 2.340 '

Per cent retention  
of phosphorus

34 .47 43; 90 41. 83



Table 25 Data on phosphorus balance and per cent phosphorus 
of the animals in three groups maintained on three  
d ie ta ry  regimes during f i n a l  (84th day) metabolism 

' t r i a l  '

Treatments Ration A Ration B Ration C

Number of  animals ■ 6 6 ■ 6

Phosphorus intake (g/day). 6.593 . 6.626 6 .243

Phosphorus outgo

Faecal (g/day)' ■ ■ 3.740 3 .53 0 3 .613

Urinary (g/day) 0.530 0.231 0.275

(mg/dl) 35 . 690 10 . 083 14.512

Total (g/day) 4 .270 3 .761 3 . 888

Phosphorus balance  
(g/day)

2.323 2.865 2 .355

Per.cent retention  
of phosphorus

35 .24 43 .24 37 .72



Table 26, ■ Data on magnesium balance and per cent magnesium
of the animals in three groups maintained on
conventional concentrate ra t ion  during i n i t i a l
(0 day) metabolism t r i a l

Groups ■ . I I I  . I I I

Number of animals 6 ' 6 6

Magnesium' intake (g/day)' 1.844 1.721 1.906

Magnesium outgo _ }

Faecal (g/day) ' 1.003 0.977 . 1.033
Urinary (g/day) . 0 . 220 0.190 ' 0 . 2 1 2

(mg/dl) • 15.958 12.785 . 15.619
Total (g/day) . 1.2 24 1.166 1.246
Magnesium■balance  
(g/day)

; 0.620 0.554 0 .659

Per cent retention  
of magnesium

33.20 31. 86 34 . 00



Table 2%.. Data on magnesium balance and per cent magnesium 
retention  of the animals in three groups 
maintained on three d ie tary  regimes during second 
(28th day) metabolism t r i a l

Treatment . Ration A ' Ration B Ration C

Number of  animals 6 • 6 6 .

.Magnesium.intake (g/day) 

Magnesium outgo

10.028 9.987 9 .563

Faecal (g/day) 5 . 621 5 . 782 5 .221

Urinary (g/day) 0 . 785' 0 . 653 0 .761

(mg/dl) 48 . 042 34.703 34 .988

Total (g/day) 6 .406 6 .435- 5 . 982

Magnesium balance 3 . 622 3 .552 3.581

Per cent retention  
of magnesium

36 . 12 35 . 57 37 . 45



Table 23 . Data on magnesium balance and per cent magnesium 
retention  of  the animals in three groups 
maintained on three d ie ta ry  regimes during th ird  
(56th day) metabolism t r i a l

Treatment Ration A Ration B Ration C

Number of  animals 6 6 6

Magnesium intake (g/day) 12 .316 11.921 11.114 •

Magnesium outgo ' ■

•Faecal (g/day) 5 .961 6 .235 5 .531

Urinary (g/day) , 1.34 6 . 1 . 1 2 1 1.179

■ . (mg/dl) . 93.304 61.971 70 . 528

Total (g/day) . ' 7.307 7 .356 6 .710

Magnesium balance 5 .009 4 .565 4 .404

Per cent retention  
of magnesium

40.67 38.29 39 .63



Table 2.9 . Data on magnesium balance and per cent magnesium 
retention of the animals in three groups 
maintained on three d ie ta ry  regimes during f in a l  
(84th day) metabolism t r i a l

Treatments Ration A Ration B Ration C

Number of animals 6 6 6 .

Magnesium intake , (g/day) 

Magnesium outgo

13.512 13.565 13.022

Faecal (g/day) 6 . 1 0 1 6.503 5'. 973

Urinary (g/day) 1. 617 1.580 1.590

(mg/dl) 108.889 68 .966 . 83 .905

Total (g/day) 7 . 718 ' 8.084 ’ 7.563

Magnesium balance  
(g/day)

5.793 5 .432 5.459

Per cent retention  
of magnesium

42.49 ■ 40.01 ■ . 41.80



Table 3Qr . Data on nitrogen balance and per cent nitrogen  
retention  of the animals in three groups 
maintained on three d ie ta ry  regimes during second 
(28th day) metabolism t r i a l  ' .

Treatment Ration A Ration B Ration C

Number of animals 6 6 . 6

Nitrogen intake (g/day) 28.379 27 .375 26 .146

Nitrogen outgo

Faecal (g/day) 9 .576 8 .226 8 .493

Urinary (g/day) 8 .392 7 .675 8.415

Total (g/day) 17.968 15 . 901 16 .908

Nitrogen balance 10.415 10.531
A

' 8.942

Per cent retention  
of nitrogen

36 .70 38.47 34 .20



Table 31 . Data on nitrogen balance and per cent nitrogen  
retention  of the animals in three groups 
maintained on three d ie ta ry  regimes during third  
(56th day) metabolism t r i a l

Treatment Ration A Ration B Ration

Number of animals 6 6 6 .

N it rogen ' intake (g/day) 32 .497 35 . 898 32.874

Nitrogen outgo

Faecal (g/day) . 10.056 10.667 9 . 862

Urinary (g/day) 10.142 9 .475 9 .773

Total (g/day) 20.198 20 .142 19.635

Nitrogen balance 12.502 14 . 782 12 .430

Per cent retention  ■ 38 .48 41.18 37 .85
of nitrogen



Table 32 . Data on nitrogen balance and per cent nitrogen  
retention  of the animals in three groups 
maintained on three d ie ta ry  regimes during f in a l  
(84th day) metabolism t r i a l

Treatments Ration A Ration B Ration C

Humber of animals 6 6 6

Nitrogen intake (g/day) 39.544 41.064 37 .457

N it rogen ' outgo

Faecal (g/day) ■ 11.610 11.997 11.665

Urinary (g/day) . 11.445 10.953 10.907

Total (g/day) - 23.060 22 .949 22.562

Nitrogen balance 16 .485 18.115 14 . 895

Per cent retention  
of nitrogen ■

41.30 43 . 50 '39.76



Table 33 . Summarised data on urine calcium, phosphorus,
magnesium and nitrogen of animals maintained on
three experimental rations

Treatments Ration A
containing . 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnesium-1.202%

Ration B 
containing 
Calcium-1.194 % 
Phosphorus-0. 578% 
Magnesiura-1.202% 
Ammonium 
chloride-1%

Ration C 
containing ‘ 
Calcium-1.194 % 
Phosphorus-0.578% 
Magnesium-1.202% 
Horse gram extract 
1 lit/animal/day

Number of 
animals

6 . 6 6

Initial (0 day) 
Final (84th day) 
Difference

Initial (0 day) 
Final (84th day) 
Difference

“initial (0 day)
Final (84th day)

, Difference

Nitrogen (g/day)

Calcium (g/day)

0 .104 
0.191 
0. 087

0.109 
0.128 
0.019

0.108 
0.151 
0.043

Phosphorus (g/day)

0.182 0.197
0.530 . 0.231
0.348 0.034

0 .199 
0 . 275 
0.076

Magnesium (g/day)

0.220 0.190
1.617' : 1.580
1.397 1.390

0 . 212 
1.5 90 
1.378

Initial (0 day) 6.865
Final (84th day) 11.445 
Difference 4.580

6.160
10.953
4.793

6.618
10.907
4.289



Table 3.4 . Summarised data on faecal calcium, phosphorus,
magnesium and nitrogen of animals maintained on
three experimental rations ■

Treatments Ration A 
containing 
Calcium-1.194 % .

• Phosphorus-0.578% 
Magnesium-1.202%

Ration B 
containing 
Calcium-1.194% 
Phosphorus-0.578% 
Magnesium-1.202% 
Ammonium 
chloride-1 %

Ration C 
containing 
Calcium-1.194% _ 
Phosphorus-0.578% 
Magnes ium-1.202% 
Horse gram extract 
1 lit/animal/day

Number of 
animals

6 ' ■ 6 6

Calcium (g/day)

Initial (0 day) 3.352
Final (84th day) 5.115
Difference 1.763

2.925
4.304
1.379

3.147 
4 .472 
1.325

Phosphorus (g/day)

Initial (0 day) 1,384
Final ('84th day) 3.740
Difference 2.356

1.349 
3.530 
2. 181

1. 218. 
3 .613 
2 ,395

Initial (0 day) 1.003
Final (84th day) 6.101
Difference 5.098

Magnesium (g/day)

• 0.977
6 . 503 
5.526

1. 033 
5. 973 
4.940

■ Nitrogen (g/day).

Initial (0 day) 6.904
Final (84th day) 11.610 
Difference 4.706

6.319 
11.997 
5. 678

6 . 854 
11'. 665 
4.811



Table 3 5 . Summarised data on per cent retention of animals 
maintained on three experimental rat ions

Treatments Ration A 
containing 
Calcium-1.194%

■ Phosphorus-0.578% 
Magnesium-1.202%

Ration B 
containing 
Calcium-1.194% 
Phosphorus-0.578% 
Magnesium-1.202% 
Ammonium 
chloride-1 %

Ration C 
containing 
Calcium-1.194% 
Phosphorua-0,578% 
Magnesium-1.202% 
Horse gram extract 
1 lit/animal/day

Number of 
animals

6 6 6 ■

Calcium (%)

Initial (0 day) 62.05 62.71 61.04
Final (84th day) 59.85 66.55 62.65
Difference 2.2 3.84 1.61

P hosphorus  (%)

Initial (0 day) 46.64 
Final (84th day) 35.24 
Difference 11.40

45.28 
43.24 
2 . 56

47.48
37.72
9.76

Magnesium (%)

Initial (0 day) 32.20
Final (84th day) 42.49 
Difference 9.7

31.86 
40.01 
8.15

34 . 00 
41.80 
7.8

Nitrogen (%)

Initial (0 day) 32.60
Final (84th d a y ) . 41.30
Difference 8.7

34.35 
43 . 50 
9.15

31, 
39, 
8 .

4 3 
76 
33
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