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By P. 0 . . f. LOU,V, Sedion of Biochemistry and Kutrition, Onderstepoort. 

Acconliug- to <·onespondeace which commenced in the issue of t he 
Fanuer':-; 'Veekly for 18th April, 19J4, good results " ·ere obtained by feeding 
a lick containing 125 lb . salt, 25 lb . red oxide and 1 lb. copper sulphate to 
lactating cows in Southern Rhode::;ia . 

. Although iron is frequently incorporated in phosphatic lic:rs, eit her a,; 
uon sulphate or as iron oxide, the suggested lick would not he recommeiHled 
in the F nion where phosphates ;ne in such short supply in t he natural 
herbage. Furthermme, it iH doubtful whether con ti nued good results can 
be expected with a lick ('ontaining 0·6 per cen t. eopper sulphate instead of 
the generally recommen<led one containing only 0·] per cent. of this con­
stituent. 

The work 1·efen ed to has popularised the u ::;e of 1·ed oxide in phosphate 
licks. After the treatment of animals fo1· internal parasites, it is not infre­
q uently found t hat they may benefit h,v the addition of a small amoullt of 
iron in the li<·k. Ho"·eve1·, t he solubilit.v of reel oxide is relatively lo"·, 
<:on:-;equentl,v OoYemment Kot ice N o. 1E'J 75 of August, 1943, specifies t hat 
an? phosphate-salt-iron oxide lick offered for -~a le should contain a minimum 
of 1:1 per ('ent. of iron oxid e. 'l'he que~:;tiou arise:; as to what extent th e 
incorporation of this form of iron in phosphatic lir:ks influenf'es the reten­
t ion of phosphorm. 

From the literature it i,; evident t h at iron has a g-eneral detrimental 
effect on phosphorus ancl <·al<:ium metabolism . Rhem and 'Vinters (194()) 
AhmYed that ferri(' ('hloricle has a <lefinite a<hero;e effed on phosphorm; 
anrl cal cium utiliz:1tion. Waltner (1927) showed that the addit ion of 2 
per cent. of r educed iron to :McCollum's stock diet produc:ecl rieketA in rats 
within four weeks. Analyt:;i;; of blood sennn d rachiti(' rats showPd a ]o\1· 
phosphorus but a normal c·a lcium c-ontent. 

It '" a.~ .ac<:onli ng-ly planned to conduct an experiment to t.e~-Jt the avail­
ability of pho,;phorus in bonemeal against honemeal supplemented wi th 1·ed 
oxid e, a nd at the sa me time the aYailability of phosphorus in honeash to 
white ratR. 
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AVAILABILITY 0}' PHOSPHORUS IN BONK~iEAT,. 

As regards the availability of phosphorus in several phosphatic supple­
ments, Malan and du Toit (1932) tested these supplements and placed them 
in the following- order of availability of P. :-

(1) Sodium Phosphate. 

(2) Precipitated Calcium Phosphate. 

(3) Bonemeal and degel.atinised bone flour. 

'l'heir conclusions were based on the weight increase of the experimental 
animals. 

Otto (19;18) tested the availability of P in several commercial phosphates. 
The phosphates were ferl at .a level well below that of the P requirement 
of the class of animal concerned . Throughout a Ca : P ratio of 2: 1 was 
maintained. Availability was determined by means of the retention of P. 

From the experiments rli-soclium phosphate appeared to be slightly 
more available at the given level of P intake than either eli-calcium phosphate 
or bonemeal. '!.'here was no sig-nificant difference between the retentions of 
eli-calcium phosphate and honemeal. SummariRing his findings he eonsiclers 
that " taking all the results obtained into consideration it is doubtful whether 
animals when fed phosphates well below their requirements will retain more 
P when it is given as eli-sodium phosphate than the relatively insoluble cli­
<"alei um phosphate or bonemeal " . 

PltELIMINARY BxPEHDIE:r>T. 

A 111: mals. 
Ten quartofi of albino rats of the same age, (27-35 dayfi), sex and weight 

(44-77 gm.) were ehosen . Here it was impracticable to select quartos from 
litter mates, and as these animals were h ighly in-bred, quartos were selectecl 
with restrietions only to age, sex and weight. 

At the beginning of the experiment one rat out of every quarto wat> :,;acri­
ficed. The entrails were removecl and the digestive tract freed of its content:,;. 
'l'he left femur was dissected out and .analysed for its ash percentage on a 
dry fat-free basis. The entire rat was then dried at 100° C. and subse­
quently ashecl at a low temperature and the calcium and phosphorus content 
(leterminecl after addition of the a shed femur. 

The remaining three rats .out of every quarto were assigned to the three 
different diets and the paired-feeding method was employed. 'fhe food 
intake of the trio was restricted by the amount consumed hy the member 
eating the least. In the exploratory experiment, tap water was given ad 
hln:twn. 

The animab 'Yere kept in cages fitted with screened floors thus preventing­
access to excreta. 

The constituents of the three diets in which honemeal (Diet A,) hone­
meal plus reel oxide (Diet B), and bone ash (Diet C) was incorporated, are 
given in '!.'able 1. 

'I'he bonemeal and boneash were both of 70 mesh fineness. The boneash 
that was used was prepared by ashing bonemeal in .an electric furnace, 
keeping it at a dull red heat for one hour and grinding to 70 mesh fineness. 
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.Egg WI! ire (heated) .... . . .. .... . .. . 
Celatine ........ . .. ....... .. . . 
B11tterfat. . . . . . ...... .. .... . 
Bacto Aga r ...... ....... . .. . ... .. . 
Harris Yeast . ..... . . 
Co<l Liver Oil. . .... . 
1-illcrose .. . ................ . .. . . . . . 
I'extrinized , ' tnrch .. 
Snlt :I.Iixture ... .. . .... . .... . 
Bone i\1enl ... . ....... . ... . . . ... . . . 
RC'cl Oxide ...... . . . .. . . ... . . . . . . . . 
Bone ..\.~h ...... . .... . 

Pcrccn tngC' Ca .. ....•.. . . ..... . 
Pcr0cn tagc P ....... . 
Ca.fP..... . . . . .. . ....... . . . 

'1' .\ BLF. 

Diet A. 
gr./Kg. 

150 
::)0 
so 
20 
15 
20 
40 

Ml6·:) 
30 
18·.) 

0· 4673 
o- :?:no 
1 • rn 

1. 

Diet.· H. 
gr./K g . 

li>O 
~0 
80 
20 
].) 

20 
40 

1)92 
30 
18· :> 
-i·i) 

0 ·4670 
0 ·2368 
1 ·07 

P. G. J. LOC\L 

Diet c. 
gr./K §!' . 

1:10 
30 
so 
20 
].) 

20 
.HJ 

(l()~ . • ) 

~0 

JO · ;) 

()· .(.)iii' 

0·23:!1 
1 · 06 

Th e " ·eight of iro11 oxide arldetl wa;; equal to the \Yeig-h t of plw.~phonu' 
p~nto:si(l e in th e ~upplement , " ·hich i s in the sam e proportion as that 
incOJ"poratE'cl in phosphate-iron oxid e licks . 

Supplem euti11g- of t he diets \\'CI S made at the expense of the d extri nizecl 
starc-h. The sa lt mixtUJ·e of Day and McCollum (19:~9) '.Yith the omissi-on of 
calci UJJl c-arbonate, was employed. 

The h<t sal d ids ("O ntained 0 · 00 per c-ent. P aiHl 0 · O(i per ("t> ll t. Cn and 
•ver e aecorcling-l~- supplementer] to contai n 0-2:~ pe1· cent. P <llHl 0 ·4G per ("ent. 
Ca, g·iYing- fl Ca / P ratio of 2 to l. The n~.t~ throve on these diets <IS was 
manifest ed b:· tlwir g·en eral appearances a nd gain in weight. 

The ex r e rim ental feeding \\'US c-ontinued for 42 clays \\·h en the r at:=; Welt' 
killed, tbe per('eniag-e ash on the left femun; and the ca lcium and phosphonw 
content of the entire rat <l etennin erl ns before. 

The calcium was d etermined b,· t he ,·olumehi(" method of McCrud<l en 
(1911), while t he pho~phoru:-; wa,;· deterlllin ed l.y t he method of Fi::;ke 
and Subharow (1!)2:)) using photo-electric t echnique. 

l cesults . 

H e~ulb of t h e preliminary experin1eni are g-iYen in Table 2. 

'J'be phosphorus ("Ontent of t h e experin1 euta l !"d is :~ t t he beginning of t he 
ex perimeu t wa ~ estimated from the an a lysi,; obtai ned from the con t rob. 
From t he data the aYerage ash percentages of the femurs of the three g roups 
a r e 54 ·90, 55·15, and 0-l-·9:i , ''hi("h manifest a r eflsonahle good hon e fonna ­
tion. 'l'he aYerflge percentage r etentions of phosphorus £01· t l1 e three groups 
a1·e 53· ():~ , 01·7G and 55·70. 

Applying the analysis of variaH(·e technique to t he iu<li,·idual a sh pel·­
cenbg-es and percentages of phosphorus r etentions, no significant difference:; 
'"ere found , " ·hic- h was to be expected from the hig-hly variable inllividual 
data . 
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The lo\Y phosphoruR retention may in•li, ·ate that this element was fe 1l 
in the diet at a level higher than that required for normal growth uncl 
phosphorus retention. Aceording to Utley and Macleod (1935 ) a diet l'Ol1-

taining- O·lG per cent P anfl a Ca / P ratio of !3 to 1 would supply either 
tlw minimal m· slightly under the minimal :unount of phosphorus for normal 
gTOIYth :mel phosphorus retention. 

SJ·:CoX!l ExrE IIDlEXT. 

The lo,,- phtl~phorus retention;; oh;erYecl in the preliminary experi n1 ent 
11·hich mu y indicate that the P in the diet~ of t he prelimiu;~ry experiJll eni 
11·as in t'X<·es.-; of thP minimul r equirenwuts of the animals, might C'loutl any 
lliff<"J'encp,.; in t he .U:-lsim ila.tion of J:> hon1 t he three diets. Aceordingly an 
i<lenhc<ll experiment \Yith seYen tlll<ntm; of albino rats wa::; eontludecl <I ii 

before, ex('ept that the phosphorus in the 1liets was supplie<l at a leYel 
of ()·Hi pPr eent P. The Ca ( J:> 1·atio of the,.;e 1liets wa::; 1·87 in eYeJ',\' ('Use. 
J)i .~ hlle<l IYa ter was g-ive11 ud liiJI.fUIII. The 1·ntions were made up a~ hefore . 
:-lupplemeutiug 1rac; made acconling to 'J'ahlf' :1, 

Diet. 

A 

B 

c 

13A·'[C .RATION. I 
1------ --1 

l ";~~~~)t I (g~.) I (g~., I 

98!'! ·181 .. ')!l3!'i ·4054 

9"(i ·.')8 ·5!J l!l · -Hl3~ 

()93 ·67 1 · .59()2 I · ·lfl5S 

Bone­
meal 
(gm.) 

10 · 1"~ I 
10·82 

TuTAL(Kc . 

- -------

nollC- ,1 FeO I C·l 
~~~;'.) (gm.) I (g;, .) 

p 1 Ca I P I ( ) 
I 
( ) ( ) 

I 
Ca/P 

gm. I gm . . gm. 

1 ~ . 3890 11 . 0993 1 2. !JR2f) It . !)94 7 1 l ·87 

:2-(i I' "90 I 1 ·0!>03 1 2. !lSO!l ! I . 592.') I 1 ·87 

6-:3~-~ ~-3837 1 1·0999 2. !J7!)9 1 l . 5fl67 i 1. 87 

'l'lw r e<l oxide in d iet B '"a" n<lfle<l in the ;:;ame :11uount .a~ th e P 2 0., 
in the phoshate ~upplement. l<'ee<ling was ('o ntin uerl for 42 days. The 
animals fed well anrl their general appear an ces were good. Except t h at 
:ieYend l'ctt ~ kuibhled at the ,;ol<l el' of the metal SCI'eem; no thing nhnonnal 
,,·as u bsel'Ye<l. 

H ?s ults of t hP expe rim e nt are c:ummm·i,.;ecl in 'l'able 4. 

The aYeruge ash pe1 <·eJJtagec; on a <lr:y fat-free basis of the femurs of 
ihe three groups are !)l·G9, 52 -:H an<l 51· 05. The imlividual nsh per rPntag-e;-; 
<·xhihit 110 ,.;ig-nifi eant differenee on statisi ical analy::;is. 

,b 11·as expecte1l the }Jen·en tage phosphorus reten tiDns Kere con si rlera hly 
higher than in the preliminar:y experiment. The average percentage phos­
phonu retentions "·ere IG·Oi , i:J-:1() and 71· 52. On applying the nnal:y,;is 
of Yal'iaHl'e technique to the indiYirlual retentions between the tlll'ee g-roups, 
no sig-nifieau t differences were found. 

Siuee the nual,vsis of Ynrian<:e ,;hmYecl no significance for pairings, 
sigJJifi canl'e of trf'atment difte1en l'es were adjuclgt~fl l1y the variation withiu 
groups only. K o cliffen:nces were fou nrl. This " ·as applied to the 1n eli minary 
experiment with the ;.;ame r esult. 
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I'. G . J . LO"C\Y. 

~r~n1AHY ANJJ CoNCLUSIONS. 

'l'"·o expe1·iment:-; have been earried out with albiuo rats in which the 
availability of phosphorus in bonemeal , bonemeal ~mpplemenbd with reel 
oxi de of iron and boneash haYe been tested out. In the preliminary experi­
ment th!:' J> was ,;upplierl at a leYel of O· :t3 per cent . . the Ca f P ra tio being 
2 :1. 

From this experiment no ,;ignifieant difterences between th e ash per­
cen tage,; of the femun; of the rat;; and the phosphorus retent ions could he 
shown. 

Low pho::;phoru,; reten tion:; indicated t hat t he P was supplied 1n exe!:'i-iS 
of th !:' minimal r equirementi-i of tlw nnimals. 

In t he second experiment P \\·a, c;uppli !:'d at a level of O·l(j per cent. , 
t lw Ca / P ratio lwing 1· 87. 'l'h e percen tage P retentions were consid ?ralJly 
higher than in t he preliminary expt'riment , the average perrentage retentions 
being 7(i·07 , 7=3 ·:W a ll(l 7J ·.sz. Again no :;ignifieant <lifferences could he 
;;howll by applying ;;tatistical an alysi;; to the a;;h pen;entag es of t he femu b 
aud 1 he P r etention, , which i lllpli !:' .~ that 11nrlPr the eon <li tions of til<" 
experiment the avnil:ibilit,v to ''"hit!:' rats of t he P in the three supplemeu t,-, 
art> similar. 
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