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The Availability of the Calcium and Phosphorus 
In "Electrofos" for Bone Formation. 

I.-In the Rat. 

By N. REINACH and J . G. LOUW, Section of Biochemistry, Onderstepoort. 

On account of its high fluorine content rock phosphate is not an acceptable 
substitute for bone meal in the nutrition of farm animals. However, this objection 
has during the recent war, when a serious shortage of phosphatic supplements had 
to be faced, been overcome by the introduction of methods (Hill et al, 1945) for 
removing the fluorine thermally to a level which makes the resulting product safe 
for feeding to live stock. Unfortunately, it would appear (Bird et al, 1945; Ellis 
et al, 1945; Fraser eta!, 1943; Barrentine et al, 1944) that some of the products 
thus obtained are not satisfactory sources of calcium and phosphorus for certain 
animals. The temperature at which defluorination is effected seems to play a role 
in that poorly available forms of calcium and phosphorus such as the meta- and 
pyrophosphates of calcium are formed under certain conditions. Tests for 
biological availability of all new materials of this nature are, therefore, indicated. 

The technologists of a South African firm, African Metals Corporation, were 
not slow in appreciating the possibilities which the thermal defluorination process 
held out for the utilization of the phosphorus and calcium in local rock phosphate 
deposits. Experiments were started by them and in due course samples of two 
products, in finely powdered form, "electrofos I" and "electrofos II", were 
submitted to this laboratory for biological tests. The composition of these 
products is shown in Table 1. 

TABLE 1. 

Analysis of Products used in Experiments. 

Mineral. 

I 
Per Cent. I Per Cent. Per Cent. 

I 
Per Cent. 

Calcium. Phosphorus. Silica . Fluorine. 

·-

Electrophos I . .. .. . . .. ... . . . . .. . .. ... . . . 30· 3 18· 3 

I 
ll· 8 0·024 

Electrophos II .. . . ..... .... .. .. .. . ..... . 17 ·1 27 ·2 12 · 1 0 ·015 
I -

EXPERIMENTAL PROCEDURE. 

Using the diets described in table 2 a series of four experiments were conduc
ted. Bone ash, total calcium and phosphorus retention, and growth were used 
as criteria for evaluating the test materials. In a preliminary test (experiment 1) 
electrophos I was compared with dicalcium phosphate at a level which furnished 
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0 · 16 per cent. phosphorus in the diet. For this purpose a basal ration containing 
0 · 05 per cent. P and 0 · 06 per cent. Ca was supplemented with the appropriate 
amounts of the two phosphatic products to yield diets A and B (see Table 2). 
Calcium carbonate was added to the diets to ensure a Ca : P ratio of more or less 
2 : 1. The salt mixture used was that of Day and McCollum (1939) with the 
calcium carbonate omitted. 

Eight trios of litter-mate albino rats of the same sex and weight were selected. 
At the beginning of the experiment one- member of each trio was sacrificed and 
analysed as described below. The remaining two were pair-fed in individual cages, 
provided with false bottoms of i inch mesh galvanized wire screen, for a period 
of six weeks on diets A and B, respectively. 

........... . . 

. . . . . . . . . . . . . 
Egg White .. . . .. . 
Gelatine . . ..... . . 
Butterfat .. ... . . . . . . . ... . . .. . . 
Bacto Agar ... . . . .......... . . . 
Harris Yeast .. . . . . ........... . 
Cod Liver Oil. . .. . ............ . 
Sucrose ..... . ... . .. . . . . . . . . . .. 

...... . . ... . Dextrinized Starch 
Salt M.ixture . . .. . 
Dicalcium Phospha 

............ . 
te .. .. .. . .... 

Electrofos I ..... . . . . . . ........ 
Electrofos II ..... . ... . . .. .. .... 
Calcium Carbonate . . . . . . . . . . . . . 

TOTAL . . . . . ..... . .... . 

Per Cent. Ca ..... . ..... ... . ... 
Per Cent. P ...... . .... .. ...... 

I 

I 

I 

TABLE 2. 

Composition of Diets. 

.A.. B. c. 

150 150 I !50 
30 30 I 30 
80 80 so 
20 20 20 
15 15 15 
20 20 20 
40 40 40 

606·9 606 ·7 606·0 
30 30 30 
- 5 ·5 6·1 
3·7 - -

- - -
4·4 2·S 2·9 

1000·0 1000·0 1000·0 

0·33 0 ·28 0·30 
0·15 0·16 0·18 

D . E. F. G. 

---
150 150 I 150 150 
30 30 30 30 
so 80 80 so 
20 20 20 20 
15 15 15 1.~ 
20 20 20 20 
40 40 40 40 

607·1 596·9 606 ·2 594·7 
30 30 30 30 
- - - -
5 ·9 14·6 - -

- - 4 ·1 10·1 
2·0 3· 5 4·7 10·2 

1000·0 1000·0 1000·0 1000·0 

0·31 0·62 0 ·31 0·64 
C·19 0·36 0·19 0·35 

The rats were fed daily and weighed weekly. Fresh distilled water was 
provided at all times. At the end of the experimental period they were killed with 
ether. The left femur of each rat was removed and its ash content determined on 
a dry fat-free basis. The entire rat, freed of the contents of the digestive tract, was 
then dried at 100° C, ashed at a low-red heat in an electric muffle, and, after the 
addition of the femur ash, analysed for total calcium and phosphorus. 

The second experiment was essentially the same as the first one except that an 
extra group of rats receiving the basal ration supplemented with electrofos I at a 
level furnishing about 0 · 32 per cent. P in the diet was included. Eight quartos of 
albmo rats were accordingly selected for a comparison of the availability of the 
calcium and phosphorus in diets C, D and E (see Table 2), respectively, one rat of 
each quarto being again sacrificed at the beginning of the experiment for the 
purpose of arriving at base values for the calcium and phosphorus contents of the 
rats. It was not possible to have litter-mates in the quartos . . Rats within quartos 
were, however, uniform in respect of age, sex and live weight. 
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Experiment 3 was run concurrently with experiment 2 and was a repetition of 
the latter with this difference that paired feeding was dispensed with and that diets 
C, D and E were offered ad lib. to six trios of rats selected to correspond in respect 
of age, sex and live weight to the first 6 quartos of experiment 2. The rats 
sacrificed at the commencement of experiment 2 could thus also serve as controls 
for experiment 3. 

In a final experiment electrofos II, at two levels of intake (see diets F and G 
in Table 2), was compared with dicalcium phosphate (see diet C in ·Table 2). The 
technique employed corresponded in every respect with that used in experiment 2. 

Calcium was determined by the volumetric method of McCrudden (19ll) and 
phosphorus by the colorimetric procedure of Fiske and Subbarow (1925). 

All data were analysed statistically by Fisher's analysis of variance method. 

TABLE 3. 
Weekly Feed Consumption of Rats in pair-fed Experiments (grams). 

I 
lst 

I 
2nd 

I 
3rcl 

I 
4th I 5th 

I 
Gth 

I 
Rat Xn. Week. Week. Week. Week. 

I 
\Vcek. Week. Total. 

ExPERDt 8NT I (DI8TS A. AN D B.). 

l. ............ 52 50 i)(j 60 56 60 334 
3 . . .. . ........ +1 38 +1 34 29 33 216 
i5 ............. 54 54 -55 ;)4 49 55 321 
7 ............. 53 i56 i57 ;)4 60 51 331 
9 .... ... .. . ... 39 41 48 40 24 34 226 
ll .. .... .. ..... .J.3 49 36 38 36 37 239 
13 .. .. . i\2 :'i(i :)4 .56 39 :)8 315 
15 . ...... .. ... ;)7 :)3 54 56 57 54 331 

AVEltAGE ... 49 50 50 49 44 48 290 

ExPE RDlENT II (DIET~ c, D AND E). 

1 ............. ±:) 49 :)9 44 41 38 276 
4 .. .... .. ..... 39 42 :32 47 48 44 272 
7 ... . . . . . .. . . . 45 38 49 55 50 66 303 

10 . . .. ......... H 49 48 61 56 56 314 
13 ............. 46 52 32 i52 48 48 277 
16 ... .... ...... 3:) 46 :)0 :)1 62 67 311 
19 ..... . . ...... 4± ;)± 39 -~0 57 57 301 
22 .. . . . . . . . . . . . 62 48 61 66 64 70 361 

AvERAGE •.. ±4 47 49 :)3 53 56 302 

E x vERDTENT IV (DIETS C, F AND G). 

1 ............. 32 41 4;) 40 36 45 239 
4 .... . ........ 38 41 38 37 48 41 243 
7 .... . ........ 38 41 47 ±6 53 fi5 280 

10 ...... .. ..... 48 46 57 56 :)3 43 303 
13 ...... . . . .... 40 46 .52 62 54 57 301 
16 . ... .... . .... 37 46 37 36 31 39 226 
19 ............ 38 44 42 48 54 60 286 
22 . . . .. . ..... 44 42 40 44 30 33 233 

AV EltAGE . . 39 43 46 46 45 47 264 
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RESULTS. 
Experiment I. 

Figures for weekly feed consumption and body weights are given in Tables 3 
and 4, respectively. Since the feed consumption of the respective groups of rats in 
experiments I, II and IV has been equalized figures for only one group in each of 
the experiments are tabulated. Reference to Table 4 shows that the rats on diet 
B (dicalcium phosphate supplemented) made greater live weight gains than those 
on diet A (electrofos I supplemented). This difference was found significant at 
P = · 05 with a coefficient of variation of 6 ·19 per cent. 

Data relating to the percentage retention of the ingested calcium and phos
phorus are presented in Table 5. For the purpose of calculating these figures it 
was assumed that at the time of selection the rats of a trio or quarto contained the 
same amounts of calcium and phosphorus, so that the initial calcium and phos
phorus contents of the experimental rats were represented by the amounts of these 
minerals found in the rat sacrificed at the commencement of an experiment. On 
an average only 23 · 2 per cent. of the calcium and 48 · 9 per cent. of the phosphorus 
of diet A as against 64 · 5 per cent. of the calcium and 76 · 8 per cent. of the phos
phorus of diet B were retained. The differences in favour of the diet containing 
dicalcium phosphate were significant at P = · 001, with coefficients of variation 
of 6 · 6 per cent. and 6 · 1 per cent. for the calcium and phosphorus retentions, 
respectively. Since the level of intake was the same for the two diets the variations 
in the observed retentions can be explained only on the basis of differences in 
availability. Electrofos I thus appears to be a poor source of calcium and phos
phorus for the growing rat. Further evidence of this property of the test material 
is supplied by the data in Table 6. The mean weight of the ash of the femurs of 
the electrofos group of rats was 0 · 0707 gm. as against a figure of 0 · 1061 gm. for 
the dicalcium phosphate group. 

Diet. 

I 

I I 
A .. .. ..... ~ 

I 
I 
L 

----
AvE ' RAGE .. 

-

f 
B .... ... . . ~ 

I 
L 

AvE RAGE .. 

I 

TABLE 4. 

Weekly Weights of Rats in Experiment I (grams). 

Rat 
~0. I ,~;~ii~~~- 1 

1

- · I 6th I 1st I :2nd 3nl. 4th 5th Week. Total 
Week. I Week. Week. Week. Wt>~k. (Final Gain. 

Wt>ight.) 

I 7-l I 88 
i .1_0_:2 _____ 1_2_4 ___ ~1-,4-0----,-1_5_1 __ ~-J6-6·~--~--9-2---

3 54 6.') 75 91 98 100 100 46 
5 65 82 9R 111 

I 

124 133 143 78 

I 

7 67 81 100 119 132 13:) W7 90 
9 n2 63 79 97 100 102 107 f)!) 

ll 67 74 87 

I 

fl4 104 Ill 114 47 
13 84 96 ll3 132 14;) 149 168 84 
lii (i7 8ii 97 109 124 1 136 147 80 

---------- ------ ------ ------
- 66·3 79·3 93·9 109·6 120 ·9 

I 

127·1 137·8 71· 5 

2 74 

I 
86 103 127 145 156 174 100 

4 54 69 80 90 103 104 Ill 57 
(j 6·- 79 100 1:21 136 147 159 94 .) 

8 66 81 102 120 136 154 162 96 
10 53 63 7+ 93 101 99 107 54 
1:2 67 76 92 100 llO 

I 

116 122 5.5 
14 83 9:1 110 131 145 14.') 163 80 
l(j 68 8;) 

I 
98 117 134 148 159 91 

' ---
- 66·3 

I 
79·0 I 94·9 11 2 ·4 i 126·3 I l33·(i 14.4 ·6 I 78·4 

I 
'" 
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AVAILABlLlTY OF CALCIUM AND PHOSPHORUS IN ELECTROFOS. 

TABLE 6. 

Ash in Femurs of Rats in Experiment I . 

\\'eight of I Total Ash Percentage 
Diet. Rat ~0- \\'eight of Fat-Free d ry per Bone Ash of Rat (gm.). Femur per (gm.) Femur. 100 gm. Ra t . 

1 
--· ·--

f 
1 166 I 0· 1028 

I 
0·0779 4,:; . Gl 

3 100 ·1374 ·0544 39 ·1)9 
5 143 ·0958 ·0600 43·80 

A . •• • ••• . ... . ....... . . . -~ I 7 157 · 1067 

I 
·0719 42·89 

I 
I 9 107 . 13l'i1 ·0615 42 ·53 

i 
ll ll4 · 1388 ·0705 44 ·53 
13 168 . 1202 ·0915 45 ·29 

l 15 147 ·1138 ·0777 46·±1 
I 

AVE RAGE .......... • ... 13<· 8 0· 1188 0·0707 43·80 
- I 

( \ 
2 I 17± 0 ·1293 0 · l22G 54 ·49 

I I 4 111 ·1473 ·0779 47 ·61 
I 

I 
6 159 ·1332 ·1130 1)3 ·35 

B .... . . . . .. . . .... . . .. .. -~ 8 162 . 1313 . l084 50· 94 
I 10 107 . 1±95 ·0809 50 ·56 

I 
12 122 ·1±97 ·0960 52 ·58 
14 163 ·1489 ·1302 53 · 6:~ 

l 16 159 · 1440 ·1199 52 ·36 

AVERAGE ............ . . - 1+4·6 0·1+17 
I 

0 ·!061 :) 1·90 

I 

Values for percentage ash were 43 · 8 and 51· 9 for the two groups, respectively. 
Both these differences were also found significant at P = · 001 with coefficients of 
variation of 1 · 5 per cent. for percentage ash and 9 · 3 per cent. for total ash in the 
femurs. 
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Experiment II. 

In this trial dicalcium phosphate was compared with two levels of electrofos I. 
The results obtained are detailed in tables 7, 3, 8, and 9 in respect of body weights, 
food consumption, calcium and phosphorus retentions and femur ash, respectively. 

TABLE 7. 

Weekly Weights of Rats in Experiment II (Grams). 

Diet. 

I I I I I I I I 
6th I R t X Initial 1st 2nd 3rd 4th 5th Week. 

a ~ o. Weight. Week. Week. Week. Week. Week. (Final 
We1aht). 

Gain. 

"' 

r 
I 

1 52 70 84 99 118 123 128 76 

I 
-! 50 59 72 86 105 119 128 78 
7 52 57 77 92 115 129 150 98 

·C ........ .. ~ I 10 53 67 83 100 121 135 145 92 

I 
13 :)4 73 90 90 109 119 130 76 

I 16 55 62 75 92 lll 132 154 99 
19 61 74 94 99 11i5 131 147 86 

l 22 63 87 98 122 146 160 180 117 

AVERAGE - 55·0 68·6 84·1 97· 5 117 ·5 131·0 145·3 90·3 

r 2 52 63 77 96 104 110 113 61 

I 5 50 65 77 
I 

95 111 120 127 77 
8 52 61 75 89 llO 124 150 98 

D ........ -~ ll 53 64 80 :96 

I 
ll9 132 144 91 

I 14 54 69 84 89 109 119 130 76 

l 17 59 62 79 94 114 135 153 94 
20 60 70 90 95 114 130 146 86 
23 63 77 88 112 134 147 169 106 

AVERAGE - 55·4 66·4 81·3 95·8 114·4 127·1 141·5 86·1 

r 3 52 64 78 98 109 ll3 119 67 

1 

6 51 64 79 96 110 121 128 77 
9 52 66 77 91 110 123 141 89 

E ....... 12 53 66 84 98 ll9 132 141 88 
15 54 70 88 88 109 117 124 70 
18 58 64 78 96 114 137 156 98 
21 62 72 81 99 114 129 140 78 

l 24 64 76 88 111 137 150 171 107 

AVERAGE - 55·8 67·8 81·6 97·1 I 115·3 127·8 140·0 84·3 
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N. REINACH AND J . G. LOUW . 

TABLE 9. 
Ash in Femurs of Rats in Experiment II. 

I Weight of Total Ash Percentage 
Diet . Rat ~o. 

Weight of F at-Free drv per Bone Ash of 

1. 

Rat (gm .). F emur pe; (gm .) Femu r-. 100 gm. Rat. 
I -

I 
I I 

( 1 1:28 0 · 1403 0 ·0964 I 53·7 

I 
4 128 ·1358 ·0897 51·6 
7 150 ·1260 ·1000 52·9 

c ... .... .. . .... ... . . .... ·I lO 145 ·1390 · ll01 54·6 
13 130 ·1425 · 1012 54 · 7 

I 
16 154 ·1223 ·0973 

I 

51 ·7 
19 147 ·1388 ·1127 55 ·2 

L 22 180 ·1406 ·1384 54 ·6 

AVERAGE ... . .. . . . . . . .. - 145 ·3 0 · 1357 0·10fi7 53 6 

( 2 11 3 0 ·1251 0·0703 49 ·8 

I 
.5 127 · ll93 ·0722 47·6 
8 1ii0 ·1028 ·0702 45·6 

D . .. . . ... . . . . . . . . . . .. .. -~ 11 144 · 1167 ·0818 48 · 7 
I 14 130 ·ll96 ·0770 49·5 

I 
17 153 ·ll58 ·0858 i 48 ·5 
20 146 I · 1175 I ·0883 51· 4 I 

L 23 169 I ·ll57 

I 

·0961 49 ·2 

AVERAGE . .. . ....... . . . - 141 ·5 0 ·ll66 0 ·0802 48 ·8 

I 
( 3 119 0 · 1574 

I 
0 · 1052 56 ·2 

I 
6 1:28 ·1434 ·0983 I 53 ·5 
\J 14 1 ·1376 ·1073 I 55 ·3 

E .. ... . ... . ..... . . ... .. ·~ 12 
I 

141 ·1585 
I 

· 1259 56 ·3 

I 
lii 124 ·1501 ·1022 54 ·9 
18 156 ·1394 ·1171 53 ·8 
21 140 · 1562 ·1208 55 ·2 

L 

I 

24 171 ·1459 ·1400 56· 1 

AvEitAGE . . .. . . . . . . . . .. - 140·0 0 · 1486 0 ·ll46 55·2 
J 

Inspection of the data again leads to the conclusion that electrofos I is inferior 
to dicalcium phosphate as a source of calcium and phosphorus for the nutrition of 
the rat. 

Slightly, though significantly, better growth was registered for the dicalcium 
phosphate group (see Table 7). Rats fed this product developed distinctly larger 
bones than those fed electrofos I at the same level of intake, the average values for 
the total ash of the femurs of the two groups being 0 · 1057 gram and 0 · 0802 gram, 
respectively (see Table 9). The degree of mineralization of these bones was, 
furthermore, higher for the animals on diet C than for those on diet D: figures for 
percentage ash on the dry fat-free basis were 53 · 6 and 48 · 8, respectively. These 
results correspond with those obtained for the retention of the relevant minerals as 
detailed in table 8, 62 · 7 per cent. of the calcium and 74 · 5 per cent. of the phos
phorus in the dicalcium phosphate supplemented diet as against figures of only 
37 · 1 per cent. of the calcium and 50· 0 per cent. of the phosphorus in the electro
fos I supplemented diet being on an average retained by the animals. The diffe
rences, in favour of the dicalcium phosphate, relating to total femur a~h. percentage 
femur ash and retentions of calcium and phosphorus were all significant at P 
0·001 . 
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AVAILABILITY OF CALCIUM AND PHOSPHORUS lN ELECTROFOS. 

With regard to the rats receiving a double dose of electrofos I (diet E) atten
tion must be directed to the finding that whilst, as may be expected, the percentages 
of calcium and phosphorus retained were lower than those for the animals in the 
lower intake group (diet D), the higher total amount of calcium and phosphorus 
retained, apparently sufficed for normal bone development. Thus, the mean total 
weight of the femur ash of the rats on diet E was 0 ·1146 gram and the percentage 
ash of these femurs 55 ·1, these figures being significantly better than the corres
ponding values for diet D at P = 0 · 001. 

Experiment Ill. 

The weekly body weights and feed consumption of the groups of rats fed diets 
C, D and E ad lib. are detailed in tables 10 and 11, respectively. Comparison of 
these figures with those for the rats pair-fed on the same diets (see Tables 3 and 7) 
reveals higher feed consumption for all the ad lib. groups, resulting in greater live 
weight increases for these animals. It is to be noted that the highest figures for 
feed consumption and increase in weight were recorded for the rats on diet D. 
This was contrary to expectations, in view of the fact that this diet seemed to be 
deficient in available phosphorus (c.f. tables 9 and 13), a circumstance which usually 
is taken to have an adverse effect on feed consumption. In this case it would 

TABLE 10. 

Weekly Weights (gram) of rats in Experiment I II (Ad lib. feeding.) 

Diet . . I I ·1 I I I 
6

th 
R t K Initial 1st 2nd 3rcl 4th 5th \Veck. 

I a o. Weight. Week. Wee k. Week. Week. Week. I v~~:~~~) I Gain. 

0 --

I I I 

r 49 50 66 8-i 105 125 145 167 117 
52 53 78 10:1 116 131 155 179 126 

c ... .... ··j 55 56 79 102 122 137 Vi .to 170 114 
58 59 so 100 117 138 1+9 163 104 
61 43 59 73 91 100 112 120 77 

L 64 5\) 7l 96 117 124 151 167 108 

Avt~RAGE - 53·3 72·2 93·0 111·3 125·8 1-l.t· 3 161 ·0 107·7 

r 50 48 68 91 101 l30 157 184 136 
53 54 75 95 116 138 155 178 124 

D .... . ... ·~ 56 58 79 97 117 140 154 175 117 

I 
59 58 82 101 111 130 141 Hi6 98 
62 43 55 79 94 11.2 128 138 95 

L 65 61 75 94 106 137 1i59 174 113 

AVERAGE - 53·7 72·3 92· 8 107. ii 131 ·2 l-19·0 167·5 113· 8 

r 51 51 68 87 101 119 139 150 99 
54 53 70 8-l 102 123 149 173 120 

E ....... .. ~ 57 59 79 96 115 132 149 162 103 

I 
60 60 78 97 121 143 165 182 122 
63 47 60 Sl 99 114 12\) 1. 50 103 

L (j(j 62 78 99 121 140 1:36 169 107 

AVERAGE - I 55·3 72 ·2 
i 

90·7 109·8 128·5 147 ·8 164 ·3 109·0 
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N. REINACH AND J. G. LOUW. 

almost appear that the rats were trying to compensate for the low availability of the 
phosphorus with a high feed intake. It should be added here that if the 6-weekly 
gains in weight (see Table 10) are adjusted for the feed intake, by the application 
of the analysis of co-variance, they become 114 · 8 gm. for diet C, 108 · 0 gm. for diet 
D and 107 · 6 gm. for diet E, a sequence of weight increase superiority similar to 
that recorded for the same diets in experiment II. The difference in favour of diet 
C was, however, found to be insignificant 

The percentages of calcium and phosphorus retained by the rats are given by 
Table 12 while data relating to the total and percentage ash of the femurs occur in 
Table 13. The outstanding feature in these results is their essential similarity to 
those obtained with the same diets using the paired feeding technique: low 
retention of calcium and phosphorus in electrofos I resulting in poor bone forma
tion in the case of the lower level of supplementation (diet D) but quite satisfactory 
in this respect at the higher level of phosphorus intake (diet E). Mean calcium 
retentions were 62 · 4, 33 · 5 and 36 · 0 and phosphorus retentions 70 · 2, 45 · 7 and 
41· 8 for diets C, D and E. respectively, the differences in favour of the dicalcium 
phosphate supplemented diet being highly significant at P = 0 · 001. In the same 
order average figures for total femur ash were 0 ·1141 gm., 0 · 0825 gm. and 0 ·1409 
gm. and those for percentage ash in these bones 53· 8, 48 · 6 and 57 ·1, the odds 
that the differences in these results were due to chance being 1 in 1000. 

TABLE 11. 

Weekly Feed Consumption (grams) of Rats in Experiment Ill (Ad lib. feeding). 

Diet. I R t N I 1st I 2nd I 3rd I 4th I 5th I 6th I T t 1 I a I o. Week. 
1 

Week. Week. '~'eek. Week. '~'eek. 
1 

° a · 

·-- .. 

I [ r 49 39 I 51 51 59 .58 67 I 325 
52 48 65 51 57 71 7-! 366 

c ................. '1 55 51 65 65 56 63 64 364 
I 58 50 60 60 65 57 61 353 

61 43 50 53 46 43 48 283 
l 64 39 63 62 41 70 70 345 

: 

AVERAGE ......... -
I 

45 59 57 54 60-3 64 339·3 

' 

r 50 44 58 58 68 83 90 401 
53 49 61 62 68 70 75 385 

D ............. . ... -1 56 51 64 64 66 70 68 383 
59 52 60 52 61 62 65 352 
62 3!) ;)6 52 54 60 60 321 

l 65 .:l.: 7 59 48 67 80 68 369 

AVERAGE . . ....... - 47 59·7 56 64 70·8 71 368 ·5 

r 51 37 51 52 58 64 64 326 
I 54 50 49 59 61 72 79 370 

E ...... . .... .. .. . .. ~ 57 50 58 55 61 61 64 349 

I 60 49 57 60 63 75 78 382 
63 44 58 56 52 o)7 65 332 

l 66 I GO 61 67 69 72 73 3!)2 
-

1-46·7 1 I AVERAGE ..... . . .. - 55·7 58 ·2 60-7 I 66·8 70·5 358· 5 
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N. REINACH AND J. G. LOUW. 

TABLE 13. 
Ash in Femurs of Rats in Experiment Ill. 

.. 
Weight of 

I 

Total Ash i P ercentage 
Diet. Rat No. Weight of Fat-Free dry per Bone 

I 
Ash of Rat (gm.). Femur per (gm.) Femur. 100 gm. Rat .. 

r 49 167 0·1250 O·ll08 53 · 1 
52 I 179 ·1275 ·1293 56·6 

c ............ . . . ...... . -~ 55 170 ·1289 ·ll82 53·9 
I 58 163 ·1476 ·1324 55·0 
I 61 120 ·1347 ·0817 50· 5 
l 64 167 ·1246 ·ll23 53 ·9 

AvERAGE .............. - 161·0 0 ·1314 O·ll4l 53· 8 

r 50 184 0 ·0959 0·0840 47·6 
I 53 178 ·1041 ·0863 46·5 

D ....... .. ... . · - · · .... ··~ 56 175 ·1047 ·0864 47·2 

I 
59 156 ·ll67 ·0896 49 ·2 
62 138 ·1008 ·0620 44·6 

l 65 174 ·1070 ·0864 46 ·4 
------

AvERAGE .. . ........... - 167·5 0·1049 0·0825 48· 6 
-

r 51 150 0 ·1515 0 · 1296 57·0 
I 54- 173 ·1353 · 1319 56·3 

E .. ...... . . . .......... ..I 57 162 ·1605 ·1495 57·5 
60 182 · 1815 · 1634 57·6 

I 63 150 ·1516 ·1268 55 ·8 
l 66 169 ·1464 ·1440 58· 2 

- ----------
AvERAGE ..... . . . . ...... - 164.3 0 ·1545 0 ·1409 57·1 

To simplify comparison the average values obtained for the three diets by 
the pair-fed and ad lib methods are summarized in table 14. 

TABLE 14. 
Summary of Results of Experiments II and Ill. 

Total Feed Total Femur Pe1· Cent. Ash in P er Cent. Ca 
I 

Per Cent. p 
consumed (gm.) Ash (gm.) Femur. Retained. Retained. 

Diet. 

Pair I Ad li b. 
Pair 

I Ad li b. I Pair 

I 
Ad lib. Pair 

I 
Ad l i b. Pair 

I 
Ad l ih. Fed. Fed. Feel. Feel. Fed. 

I 
I 

c ... 292·0 339·3 0 ·1057 0 ·1141 53·6 53· 8 62·7 I 62 ·4 74· 5 70· 2 

D ... 292·0 368·5 0·0802 0·0825 48·8 48 ·6 37·1 33· 5 50·0 45 ·7 

E ... 292·0 358·5 O·ll46 0·1409 55·2 57·1 32·8 36·0 40 ·8 41 ·8 

' 
*Average of only first 6 rats of a group. 

Experiment IV. 
Data obtained in this final test on the relative values of electrofos II, at two 

levels of intake, and dicalcium phosphate as sources of calcium and phosphorus 
for growth and bone development in the rat are presented in Tables 15, 16 and 17. 
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A V AlLABILITY OF CALCIUM AND PHOSPHORUS IN ELECTROFOS. 

In spite of considerable differences in composition (c.f. Table 1) electrofos I 
and electrofos II seem to suffer from the same defect: low availability of their 
calcium and phosphorus. That this is so becomes evident from a study of the 
results obtained with the two products. 

In conformity with those of previous experiments the data on gain in body 
weight (Table 15) are not particularly illuminating, even though it would appear 
that the rats on diet C grew on an average better than those on the electrofos II 
supplemented diets. However, it is when the figures on calcium and phosphorus 
retentions (table 16) and femur ash (table 17) are considered, that more convincing 
evidence for the inferiority of electrofos II is revealed. At the same level of calcium 
and phosphorus intake the rats retained on an average only 25 · 8 per cent. of the 
calcium and 35 · 7 per cent. of the phosphorus in the electrofos supplemented diet 
F as against percentage retentions of 66 · 0 and 70 · 5 for the two respective minerals 
in diet C fortified with dicalcium phosphate. These results were reflected in the 
data on bone development described in table 17: average values for total femur 
ash were 0·1064 gm. and 0·0677 gm. and for percentage ash in the femur 55 ·4 
and 46 · 3 for diets C and F, respectively. All differences in favour of the first
mentioned diet were found significant at the 0 · 1 per cent. level. 

TABLE 15. 
Weekly Weights of Rats in Experiment IV (grams) . 

Diet. 
I I I I I 

., I I 6th I R t X Initial l st 2nd 3rd 4th 5th Week. 
a ~ o. Weight. Week. Week. Week. Week . Week. (Fina l 

I I WPight). 

Gain. 

r l .52 56 i 72 87 95 104 116 64 

I 
± 56 64 75 85 90 102 114 58 
7 67 70 82 97 106 125 139 72 

c .. .. .... ·~ 10 77 86 99 120 134 148 154 77 

I 
13 52 64 82 100 116 131 147 9!) 
16 .54 62 so S4 91 95 107 53 
19 ;)9 67 S3 94 112 12S 146 S7 

L ; 22 64 i 77 S9 97 110 111 116 52 

AVERAGE - 60 ·1 68 ·3 S2·8 95 ·5 I l06·S 118·0 129·9 69·8 

r 2 52 61 75 S7 96 101 116 64 
.~ 57 64 74 82 90 102 lOS 51 

I 8 67 76 S5 9S 106 119 129 62 
F ....... . ~ 11 77 90 99 115 129 136 143 66 

I 
14 51 61 7.5 91 103 116 127 76 
17 53 63 77 Sl ss 92 104 I 51 
20 .59 71 S2 92 109 126 144 S5 

L 23 6± 79 90 97 107 105 109 45 

AVERAGE - 60·0 70·6 82· 1 92 ·9 103 ·5 112·1 122 ·5 62 ·5 

r 3 52 60 72 S3 S9 94 lOS 56 

I 
6 ;)7 64 74 86 95 lOS 117 60 
9 67 78 88 

I 

99 112 126 143 76 
G .... 

1 
12 7;) 89 99 116 126 130 130 5.5 
15 52 fH 71 81 92 106 11S 66 
18 56 64 72 7\l 83 84 88 32 
21 59 6S 78 I 86 102 117 133 74 

L 24 64 76 83 
I 

89 95 96 100 36 

AVERAGE - 60·3 70·0 79·6 I 89·9 99·3 107·6 117 ·l 56 ·9 

100 



T
A

B
L

E
 

16
. 

C
al

ci
um

 a
nd

 P
ho

sp
ho

ru
s 

R
et

ai
ne

d 
b

y 
R

at
s 

in
 E

xp
er

im
en

t 
IV

 (
U

nl
es

s 
ot

he
rw

is
e 

st
at

ed
 a

ll 
fig

ur
es

 a
re

 i
n 

m
ill

ig
ra

m
).

 

T
o

ta
l 

C
a 

C
ai

n
 R

a
t 

C
ai

n
 R

a
t 

P
er

 C
en

t.
 

T
o

ta
l 

P 
P

in
 R

a
t 

P
in

 R
a
t 

I P
er

 C
en

t.
 

D
ie

t.
 

R
a
t 

N
o.

 
In

ta
k

e.
 

a
t 

be
gi

n-
a
t 

E
nd

. 
C

a 
ga

in
. 

C
a 

re
te

n-
In

ta
ke

. 
a
t 

B
eg

in
-

a
t 

E
n

d
. 

P
g

ai
n

. 
P 

re
te

n-
ni

ng
. 

ti
on

. 
n

in
g.

 
J 

ti
on

. 
I 

I 

I 
1 

71
7 

41
5·

7 
89

5·
8 

48
0·

1 
67

·0
 

' 
42

5 
30

8 
61

4 
30

6 
72

·0
 

4 
72

9 
43

1·
9 

96
2·

2 
53

0·
3 

72
·7

 
43

3 
32

4 
63

6 
31

2 
72

·1
 

7 
84

0 
48

4·
9 

1,
02

3·
 0

 
53

8·
1 

64
·1

 
49

8 
36

6 
72

4 
35

8 
71

-1
) 

c 
l lO

 
90

9 
60

1·
0 

1,
20

0 
·0

 
59

9·
0 

65
·9

 
53

9 
43

5 
81

1 
37

6 
69

·7
 

13
 

I 
90

3 
41

7
·7

 
99

8·
2 

58
0·

5 
64

·3
 

53
6 

31
4 

71
1 

39
7 

74
·0

 
16

 
67

8 
43

3·
9 

88
3·

1 
44

9·
2 

66
·3

 
40

2 
30

6 
58

6 
28

0 
69

·6
 

19
 

85
8 

44
8·

2 
99

3·
1 

54
4·

9 
63

·5
 

50
9 

33
7 

69
1 

35
4 

69
·5

 
22

 
69

9 
55

6·
2 

1,
00

3 
·0

 
44

6·
8 

63
·9

 
41

5 
39

2 
66

4 
27

2 
65

·5
 

A
v

E
R

A
G

E
 .
.
.
.
.
.
.
 

-
79

1·
6 

47
3·

7 
99

4·
8 

52
1·

1 
66

·0
 

46
9·

6 
34

7·
8 

67
9·

6 
33

1·
9 

70
·6

 

0 

1'
 

J 
2 

72
9 

41
5·

7 
57

8·
5 

16
2·

8 
22

·3
 

44
7 

30
8 

46
7 

15
9 

35
·6

 
5 

74
1 

43
1·

9 
65

2·
7 

22
0·

8 
29

·8
 

45
5 

32
4 

48
1 

15
7 

34
·5

 
8 

85
4 

48
4·

9 
79

6·
0 

31
1·

1 
36

·4
 

52
4 

36
6 

57
5 

20
9 

39
·9

 
ll
 

92
4 

60
1·

0 
83

9·
5 

23
8·

5 
25

·8
 

56
7 

43
5 

62
7 

19
2 

33
·9

 

l 
14

 
91

8 
41

7·
7 

66
8·

7 
25

1
·0

 
27

·3
 

56
3 

31
4 

64
2 

32
8 

35
·7

 
17

 
68

9 
43

3·
9 

63
2·

3 
19

8·
4 

28
·8

 
42

3 
30

6 
46

6 
16

0 
37

·8
 

20
 

87
2 

44
8·

2 
65

2
·7

 
20

4·
5 

23
·5

 
5 3

5 
33

7 
53

0 
19

3 
36

· .I
 

23
 

71
1 

55
6·

2 
72

9·
5 

17
3

·3
 

24
·4

 
43

6 
39

2 
53

2 
14

0 
32

·1
 

A
V

E
R

A
G

E
 .
.
.
.
.
.
.
 

-
80

4·
8 

47
3·

7 
I 

69
3·

7 
22

0·
1 

25
·8

 
49

3·
8 

34
7·

8 
54

0 
1&

2
·3

 
35

·7
 

. 
I 

3 
1,

48
5 

41
5·

7 
67

3·
2 

25
7·

5 
17

·3
 

85
1 

30
8 

48
9 

18
1 

21
·3

 
6 

1,
51

6 
43

1
·9

 
78

8
·3

 
35

6
·4

 
23

·5
 

86
5 

32
4 

5 (
\2

 
23

8 
27

·5
 

9 
1,

74
0 

48
4·

9 
95

7
·2

 
I 

47
2

·3
 

27
·1

 
99

7 
36

6 
68

5 
31

9 
32

·0
 

G
 

1 
12

 
1,

88
3 

60
1

·0
 

97
0·

3 
36

9·
3 

19
·6

 
1,

07
8 

43
5 

66
3 

22
8 

21
·2

 
16

 
1,

87
0 

41
7·

7 
76

5·
4 

34
7·

7 
18

·6
 

1,
07

2 
31

4 
53

6 
22

2 
20

·7
 

18
 

1,
40

4 
43

3·
9 

69
6·

1 
26

2·
2 

18
·7

 
80

5 
30

6 
45

4 
14

8 
18

·4
 

21
 

1,
77

7 
44

8·
2 

84
4·

7 
39

6·
5 

22
·3

 
1,

01
8 

33
7 

60
0 

26
3 

25
·8

 
l 

24
 

1,
44

8 
55

6·
2 

84
9·

8 
29

3·
6 

20
·3

 
83

0 
39

2 
56

6 
17

4 
21

·0
 

A
V

E
R

A
G

E
 .
•
•
.
.
.
.
 

-
1,

64
0·

4 
47

3·
7 

81
8·

1 
34

4·
4 

20
·9

 
93

9·
5 

34
7·

8 
56

9
·4

 
22

1·
6 

23
·5

 

;z ::0
 

m
 z f) ::X

: >
 z 1:1
 :-- 0 § ~ 



AVAILABILITY OF CALCIUM AND PHOSPHORUS IN ELECTROFOS. 

TABLE 17. 

Ash in Femurs of Rats in Experiment IV. 

I Weight of Total Ash Percentag(·. 
Diet. Rat No. I Weight of Fat-Free dry per Bone Ash of 

I 
Rat (gm.). Femur per (gm.) Femur. 100 gm. Rat. 

I l 116 0 ·1533 0·0974 54 ·8 
4 114 · 1507 ·0973 56 ·6 
7 139 ·1412 ·1084 55 ·2 

c ....... ....... .. . .. ... ·~ 10 154 ·1521 ·1327 56·6 

I 
15 14 7 ·1321 ·1080 55·7 
16 107 ·1598 ·0956 55·9 
19 146 ·1372 ·1070 53·4 

l 22 116 ·1637 ·1046 55·0 

AVERAGE ..... . .. . ... . . - 129 ·9 0 ·1488 0·1064 55·4 

l 2 116 0 ·1198 0·0587 42·2 
5 108 ·1242 ·0624 46·5 
8 129 ·1206 ·0809 52 ·0 

F ..... ... . . . . . . . . . . . . . . . . ~ 11 143 · 1282 ·0860 46·9 

j 
14 127 ·0974 ·0536 43 · 8 
17 104 ·1253 ·0615 47·2 
20 144 ·1056 ·0650 42·7 
23 109 · 1385 ·0738 48·9 

- - ---
AvERAGE ....... . . ... .. - 122·5 0 ·1199 0·0677 46·3 

~= 

l 3 108 0 ·1289 0·0636 45 · 7 
6 117 ·1469 ·0818 49·9 
9 143 ·1316 ·0974 51·8 

G . ...... .. . .. . . . .. .. . .. ·~ 12 130 ·1443 ·0980 52·2 

I 
16 118 ·1329 ·0770 49·1 
18 88 ·1481 ·0622 47·8 
21 133 · 1240 ·0843 51·0 

j 24 100 ·1686 ·0825 52·0 

AVERAGE ..... . ... .... . - 117 · 1 0 ·1394 0 ·0808 49·9 

Although it somewhat depressed the percentage retention of the relevant 
minerals increasing the level of electrofos II intake (diet G) resulted in an im
provement in bone development. Thus, femur ash rose from 0 · 0677 gm. to 0 · 0808 
gm. and the percentage of this constituent in the dry fat-free bone from 46 · 3 to 
49 · 9, the improvements being significant at the 1 per cent. level in the latter case 
and at the 0 · 1 per cent. level in the former case. 

The mean results of all the tests are summarized in table 18. Compared with 
dicalcium phosphate there seems to be no doubt that the calcium and phosphorus 
of the electrofos products are poorly utilized. From what is known about the 
method of their production the~?e products may be expected to contain large 
amounts of calcium metaphosphate, a circumstance which may account for their 
observed low availability for bone formation in the rat. Whether this low availa
bility will also apply to our large ruminant animals will be decided by experiments 
now under way with sheep. 
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ln conclusion attention may be directed to the finding that bone formation at 
the higher level of electrofos suJ2plementation (diets E and G) was apparently_ much 
the same as that obtained with dicalcium phosphate at the lower level (d1et C). 
Consequently, should it be found feasible to produce electrofos at a cost only half 
or less of that of dicalcium phosphate it could be expected to compete successfully 
with the latter product as a source of calcium and phosphorus for bone formation. 

TABLE 18. 

Summary of Mean Values. Experiments I - IV . 
. -

Le vel of In 6 WeekR. P er Cent. P er Cent . 'T'otal Ex peri - p in Ini t ia l 
Cr p F emur Per Cent. 

ment Diet. Rupplement. Weight 
Gitin in I 

F eed Re- R.e- A~h 
Ash in 

No. Per Cent . (gm. ). Weight Con- tained. ta,i !!ed . (gm .). 
}....,em ur. 

sumed 
I (gm. ). (gm.). 

- - --

I. .. . 0 · 15 Eleetrofos I 66 ·3 71·5 290 23 ·2 4S ·9 0 ·0707 43 ·8 
II .. .. 0·1 8 Electrofos I 55 ·4 86·1 302 37 ·1 50·0 0 ·0802 48 ·8 

III . . 0 · 19 E leet i'Ofos I 53 ·7 113· 8 368 33 ·:) 45 ·7 0·0825 48 ·6 
IV .. 0 ·19 E leet rofos II 60 ·0 62 · :) 264 25 ·8 :3!i . 7 0·0677 46 ·3 

--- -------- ---

I. ... 0 · 16 CttHP04 66·3 78 ·4 290 6-!· .5 76 ·8 0 · 1061 ()1· 9 
II .. .. 0 · 18 CaH PO, 55·0 90· 3 302 62 ·7 74 ·5 0 · 1057 .'i3 ·6 

III. ... 0·18 C~tHPO, 53· 3 107·7 339 62 ·4 70·2 0 ·1141 :53 ·8 
IV .. .. 0·18 C.tH PO, 60 ·1 6!l ·8 :l04 66· 0 70 ·5 0 ·10134 5-'i ·+ 

------- ---- ----------

II . ... 0 ·313 E lcet rofos I 55·8 84· 3 302 32· 8 40 ·8 0· 11 46 55·2 
III .... 0· 313 Eleetrofos I 55 ·3 190 ·0 3:JS 36 ·0 41· 8 0 ·1409 57 ·1 
IV .... 0 ·35 E k et rofos II 60 ·3 56 ·9 264 20 ·9 :23 - -~ O·OSOS 49 ·9 

SUMMARY. 

A basal diet, containing 0 · 06 per cent. calcium and 0 · 05 per cent. phosphorus, 
and albino rats, 4 to 5 weeks old and weighing approximately 60 grams. were used 
to ascertain the availability of electrofos I and electrofos li in comparison with 
dicalcium phosphate for bone formation. These phosphatic products, prepared by 
a thermal process, were studied at two levels giving diets containing 0 ·18 per cent. 
phosphorus and 0 · 36 per cent. phosphorus, the Ca : P ratio being maintained at 
about 2 : 1. Apart from live weight gains percentage retention of the relevant 
minerals as determined by slaughter tests and femur ash were used as criteria for 
evaluating the products. 

The averages of the results obta ined are summarized in Table Ul. 

It was found that both electrofos I and electrofos II were significantly less 
available for bone formation than calcium phosphate. However, more or less equal 
bone formation was obtained when these products were supplemented at about 
twice the level of calcium phosphate. 
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