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1. Eight newborn lambs were given milk-substitutes based on casein (n 4) or a soya-bean-protein isolate (n 4). 
On the morning before a 10 d collection period, the milk-substitutes were supplemented with 59Fe as ferric chloride 
and "Zn as zinc chloride. Faeces and urine were collected daily and determinations of 59Fe and '5Zn were made 
on these separately. During a second 10 d period the dosing procedure and collection were repeated but the diet 
of each lamb was reversed. 

2. Mean retention of 59Fein lambs given the casein diet was 0.50 (SE 0.12) and in those given the soya-bean-protein 
diet 0.06 (SE 0.05). There were large variations among animals but the treatment effect was significant at P < 0.05. 
Retention of 65Zn was significantly greater than that of 59Fe for all lambs but the effect of dietary treatment was 
similar to that for Fe. 6sZn retention values for casein and soya-bean-protein diets were 0.84 (SE 0.06) and 0.52 
(SE 0.03) respectively, and the difference was significant at P < 0.01. 

The recommmended levels of trace elements in milk-substitutes for calves have been given 
by Roy (1977). However, these recommendations are based on values obtained with diets 
containing either casein or the proteins of separated milk as the only source of protein. It 
is not certain that these levels of trace elements will be sufficient in milk-substitutes 
containing increasing proportions of other proteins and, in particular, of soya-bean 
proteins. 

While there is strong evidence, based on observations made largely with rats, that the 
availability of zinc is low in diets containing soya-bean proteins (Davies, 1979), this evidence 
is not universally accepted (Young & Janghorbani, 1981). In human nutrition it is generally 
accepted that the availability of iron is greater from diets containing proteins from animal 
sources than from those containing proteins of plant origin (Davidson et al. 1979). In animal 
nutrition the levels of Fe that are used in milk-substitutes for veal production are of critical 
importance. They must satisfy the dual role of maintaining a healthy animal and producing 
a pale-coloured flesh (Bremner & Dalgarno, 1973). It is not known whether the availability 
of Fe from milk-substitutes is affected by the type of protein used. 

In the present experiment, preruminant lambs were given milk-substitutes containing 
either casein or a soya-bean-protein isolate as the only source of protein. The retention of 
Fe and Zn from these diets was determined after giving an oral dose of 59Fe and 'j5Zn. 

3. There were only very small amounts of 59Fe and 65Zn in urine, representing 0.0024003 of the dose. 
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Table 1. Compositions of the diets (per kg dry matter (DM)) 

Diet.. . Casein Soya-bean protein 

Casein* (g) 296 - 
Soya-bean-protein isolate? (8) - 

m-Methionine (9) 5.6 10.2 

Glyceryl monostearate (8) 43 45 

295 

Glucose (g) 247 252 
Butter oil (9) 343 358 

Minerals (8) 65 40 
Crude protein$ (g) 275 280 
Diethyl ether extractives (g) 386 403 
Ash (g) 73 56 
Nitrogen-free extractives (g) 266 26 1 

Gross energy (MJ) 25.8 26.2 

Phosphorus (g) 6.6 6.7 
Iron (mg) 30 30 

Milk DM (as fed) (g/l) 195 191 

(by difference) 

Calcium (g) 7.3 7.4 

Zinc (mg) 20 20 

* Casein hydrochloride (mg/kg DM): Fe 10.5, Zn 29.4. 
t Pro-fam 90/HS (Grain Processing Corporation, Muscatine, Iowa, USA) containing (mg/kg DM): Fe 75.6, 

$ N X  6.25. 
Zn 28.9, phytate-P 5950. 

MATERIALS A N D  METHODS 

Eight cross-bred male lambs, Dorset Horn 8 x (Border Leicester 6 x Merino ?), aged 
2-5 d at the start of the experiment, were used. On the 1st day they were given colostrum, 
on the 2nd whole milk and subsequently, the experimental diets. They were housed 
individually in metabolism cages and the management was essentially as described by 
Walker & Faichney (1964). The lambs were bottle-fed twice daily and, after each feed, were 
fitted with muzzles to prevent the ingestion of metallic elements from the surfaces of the 
cages. Urine and faeces were collected separately daily for 10 d following each dose of 
radioactive Fe and Zn. 

The compositions of the diets are given in Table 1. The final concentrations of Fe and 
Zn were 30 and 20 mg/kg dry matter (DM) respectively. Having allowed for the Fe and 
Zn contents of the ingredients, the amounts of supplementary Fe were 24-6 and 6.9 mg/kg 
DM, and of supplementary Zn were 9.9 and 10.7mg/kg DM, for the casein and 
soya-bean-protein diets respectively. The concentrations of other minerals and of vitamins 
were similar to those given by Walker (1975), with the following exceptions (values 
expressed as mg/MJ): selenium 0.004, iodine 0.018, copper 0.179, manganese 0.179. The 
concentration of energy in the milk-substitutes was 5 MJ/kg as fed. The gross energy intake 
was maintained at 1.46 MJ/kg live  eight^'^^ per d throughout each period, based on the 
live weight of the lamb at the beginning of the period. All lambs were dosed with 1 ml 
groundnut-oil solution containing 34.4 mg retinyl acetate and 0. 25 mg ergocalciferol at the 
start of the experiment. 

The lambs were divided into two groups: they were paired according to body-weight and 
allocated randomly within a pair to diet. Mean body-weights at the start of the experiment 
were: casein diet 3.61 kg and soya-bean-protein diet 3.67 kg. 

The experimental period of 24 d was divided into a preliminary period of 4 d and two 
10 d collection periods (periods 1 and 2). During the 4 d preliminary period and the first 
6 d of period 1, four lambs were given the casein diet and four the soya-bean-protein diet. 
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On the 4th day of the preliminary period, that is, on day 0 of period 1, each lamb was given 
an oral dose of an aqueous solution (10 ml) containing 10 pCi 59Fe as ferric chloride and 
10 ml of a similar solution containing 10 pCi s5Zn as zinc chloride, added to a minimum 
amount of milk-substitute. On the 7th day after this first dose the lambs that had been given 
the casein diet were given the soya-bean-protein diet, and the diets of the other lambs were 
also reversed. The oral doses of 59Fe and 65Zn were repeated on the 4th day after the diets 
were changed, i.e. day 0 of period 2. Six lambs completed the change-over experiment 
without incident. Two of the lambs that were given the casein diet in period 1, and the 
soya-bean-protein diet in period 2, would not voluntarily consume all the milk offered 
during period 2. Their results were excluded from the group means and from the values 
shown in Fig. 1. The concentrations of 59Fe and 65Zn of faeces and urine were calculated 
from counts made for standards and samples of faeces and urine at two settings of a gamma 
counter, corresponding to 1.29 and 1.10 MeV, the former giving a count derived almost 
entirely from 59Fe and the latter a count from 59Fe and 65Zn, with a greater proportion from 
65Zn than from 59Fe. Radioactivity was measured on daily faeces samples after incineration 
in a muffle furnace at 550” overnight. There was no detectable radioactivity in the fresh 
urine. However, an estimate of the count of 59Fe and 65Zn in the urine was made on the 
ash derived from 100 ml of a pooled sample, representative of the whole 10 d collection 
period for each lamb. Radioactive counts in the faeces and urine were expressed as a 
proportion of the original dose, subtracted from 1.00 to obtain retention values and these 
were analysed statistically by analyses of variance. The data for each element were analysed 
separately. 

RESULTS 

The mean live weight of the lambs was 5-7 kg during period 1 and 7.7 kg during period 2. 
The live-weight gains were 51 and 47 g/kg live  eight^'^^ per d for the casein and 
soya-bean-protein diets respectively. 

When allowance was made for the small differences in gross energy intakes between diets 
the live weight gains were identical at 9.9 g/kg live  eight^'^^ per MJ, and corresponded 
to a live weight gain of approximately 200 g/lamb per d. The apparent digestibilities of 
the DM of the diets were 0.970 and 0.958, for the casein and soya-bean-protein diets 
respectively; they were not significantly different. 

The faecal losses of 59Fe and ‘j5Zn are shown on a daily basis in Fig. 1, expressed as a 
proportion of the oral dose. The values for the lambs that were given the casein diet in 
period 1 and the soya-bean-protein diet in period 2 are shown in Fig. 1 (a), and for those 
given the soya-bean-protein diet in period 1 and the casein diet in period 2 in Fig. 1 (b). The 
greatest faecal loss of 59Fe was on the 2nd day after dosing, for both groups of lambs and 
for both diets. By the 7th day after dosing the amount of 59Fe in the faeces was very small, 
0.01 of the dose or less. The greatest faecal loss of 65Zn occurred on the lst, 2nd or 3rd 
day after dosing and, as with 59Fe, the amount of 65Zn in the faeces by the 7th day after 
dosing was very small, 0-01 of the dose or less. 

The activity of 59Fe and of 65Zn in the faeces of lambs given the soya-bean-protein diet 
was greater than that in the faeces of lambs given the casein diet (Fig. I), whilst the 59Fe 
activity was greater than that of ‘j5Zn, irrespective of diet. 

There was no detectable activity of 59Fe or of ‘j5Zn in fresh urine at any time during the 
experiment. However, measurable amounts were detected in the ash of pooled samples 
collected for each 10 d period. The mean values, expressed as a proportion of the dose 
recovered in the urine, were as follows: for 59Fe (n 6), casein diet 0.0030 (SE 0.0005), 
soya-bean-protein diet 0.0023 (SE 0.0012); for 65Zn (n 6) ,  casein diet 0.0040 (SE 0.0025), 
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Fig. 1. For legend see opposite. 
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Table 2. Retention of 59Fe and 65Zn by preruminant lambs given milk substitutes based on 
casein or on soya-bean protein 

(Number of lambs in parentheses) 

Proportion of dose retained 

Dietary Period 1 Period 2 
Element protein (days 0-10) (days 10-20) Mean 

5BFe Casein 0.798 ( 2 )  0.347 (4) 0.497 (6) 
Soya bean 0.084 (4) 0.005 (2) 0.058 (6) 

65Zn Casein 0.918 (2)  0.802 (4) 0.841 (6) 
Soya bean 0.476 (4) 0.619 ( 2 )  0.523 (6) 

SED 0.144, 4 df 

SED 0.05 1 , 4  df 

soya-bean-protein diet 0.0016 (SE 0.0009). There were no significant differences between diets 
for either 59Fe or 65Zn. 

The amounts of 59Fe and 65Zn retained by the lambs, expressed as a proportion of the 
dose, and calculated from the total output in the urine and faeces during the 10 d period 
following the dose, are given in Table 2. 

The retention of 59Fe by lambs given the soya-bean-protein diet was significantly lower 
than that of lambs given the casein diet (P < 0 - O S ) ,  and the retention of 65Zn by lambs given 
the soya-bean-protein diet was significantly lower than that of lambs given the casein diet 
( P  < 0.01). Also, for each lamb in each period the retention of 5sFe was lower than that 
of 65Zn: the overall retention of 59Fe was 0.278 and that of 65Zn, 0.682. 

DISCUSSION 

The results described in the present paper showed clearly that when preruminant lambs were 
fed on a milk-substitute containing isolated soya-bean-protein, they absorbed and retained 
less Fe and Zn from the diet than when the milk-substitute contained casein as the only 
source of protein. This observation with lambs is in accord with some, but by no means 
all, published results, obtained largely with humans and rats. For example, the early work 
of Bjorn-Rasmussen et al. (1973) and of Martinez-Torres & Layrisse (1974), together with 
the more recent study of Young & Janghorbani (1981) with a variety of soya-bean products, 
all with humans, gave no indication that the availability of Fe from these products was 
especially low. However, other recent studies with humans have shown that the presence 
of soya-bean products in the diet leads to a significant reduction in Fe availability (Cook 
et al. 1981; Morck et al. 1981; Schricker et al. 1983). There is as yet no satisfactory 
explanation for these apparently conflicting results. 

The literature dealing with the availability of Zn from diets containing soya-bean 
products, obtained largely with rats, shows a greater measure of agreement than that dealing 
with Fe absorption and retention. In most cases it is agreed that the presence in the diet 
of soya-bean meal, or of protein products from the soya bean, leads to a reduction in the 

Fig. 1.  The daily excretion of 59Fe (--) and 65Zn (----) in faeces of lambs following single doses of 
59Fe and 65Zn on days 0 and 10. (a) Means of two lambs given the casein diet (period 1 ,  days 0-10) 
followed by the soya-bean-protein diet (period 2, days 10-20). (b) Means of four lambs given the 
soya-bean-protein diet (period 1, days 0-10) followed by the casein diet (period 2, days 10-20). 
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availability of Zn when compared with its availability from diets free of these products 
(ODell, 1969; Davies, 1979; Davies & Olpin, 1979; Forbes et al. 1979; Meyer et al. 1983). 
However, the experimental results of Young & Janghorbani (1981) are in disagreement with 
the general view. When young men were fed on diets containing either soya-bean protein 
or casein the availabilities of Fe and Zn were almost the same, irrespective of the source 
of dietary protein. 

The usual explanation that is given for the reduction in the availability of both Fe and 
Zn from diets containing soya-bean products, is based on the assumption that these trace 
elements form insoluble complexes with the phytate present in the soya-bean product 
(Davies & Olpin, 1979; Schricker et al. 1982), and that these complexes are indigestible in 
the digestive tract of single-stomached species, an explanation that is also given for the low 
availability of Fe from bread made with ‘ high-extraction’ flour (Widdowson & McCance, 
1943). However, Welch & Van Campen (1975) determined the availability of Fe from 
immature and mature soya beans that contained different levels of phytate, and found no 
relation between phytate content and reduced Fe availability. From this and later work it 
is evident that phytate content alone cannot fully explain the reduction in the availabilities 
of Fe and Zn from soya beans and their products (Walker & Welch, 1982). It is apparent 
that a number of factors can affect the relation between phytate content and trace element 
availability. Davies & Flett (1978) have demonstrated the importance of phytase (EC 
3.1.3.26) activity in the digestive tract, others have pointed to the influence of the calcium 
concentration in the diet (O’Dell, 1969; Young & Janghorbani, 1981) and to the reduction 
in availability that is attributable to the formation of indigestible phytate-protein complexes 
during the processing of soya beans (Erdman & Forbes, 1981). However, the quantitative 
impact of these factors on trace-element availability is as yet unknown. 

In our studies with lambs the concentration of phytate-phosphorus in the soya-bean- 
protein diet was 1760 mg/kg, and the molar ratio, phytate: Fe plus Zn was 51 : 1. This value 
compares with that of 15: 1 in the soya-bean-protein diets of Davies & Olpin (1979). These 
diets were shown to reduce the availability of Zn to such an extent that when rats were 
fed on them they became Zn deficient. Thus, on balance, it seems likely that the excess of 
phytate relative to the content of Zn plus Fe was responsible for the reduced availability 
of these trace elements from the soya-bean-protein diets in our experiment, although it does 
not explain the failure of Young & Janghorbani (1981) to show a similar effect with young 
men given diets with an almost identical ratio, phytate: Fe plus Zn. 
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