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Evaluation of a new mineral and trace metal
supplement for use with synthetic diets
MARGARET S. LAWSON, BARBARA E. CLAYTON, H. T. DELVES, AND J. D. MITCHELL

From the Institute of Child Health, and The Hospital for Sick Children, London

SUMMARY In an earlier study (Alexander et al., 1974) it was shown that the mineral mixture used
in association with a synthetic diet was deficient in zinc, copper, iron, and manganese. A new
mixture containing appropriately increased amounts of these trace metals has now been evaluated
by means of metabolic balance studies carried out on children with phenylketonuria. This new
mixture was shown to be satisfactory for zinc, copper, and iron, but minor changes have been recom-
mended for manganese.

Synthetic diets are used in infants and children for
the treatment of inherited and acquired metabolic
disorders. In a previous study (Alexander et al.,
1974) using diets in which natural protein was
replaced largely by amino acids, trace metals were
provided from some natural foods and from a trace
metal mixture, MI (either Aminogran Mineral
Mixture: Allen & Hanbury Ltd., or Metabolic
Mineral Mixture: Scientific Hospital Supplies Ltd.,
both of which had a similar composition). The re-
sults obtained from conventional metabolic balances
indicated that these mixtures required the following
modifications: a fourfold increase in the content of
Zn, a twofold increase in Cu, and a 25% increase in
Fe. In addition, it was proposed that manganese
(Mn) should be removed from the mixture. and
provided separately at a dose of 1 1 ,umol (60 pg)/ kg
per day. Adjustments were not recommended for
any other components of the mixture. The object
of the present study was to evaluate a new mineral
mixture (M2) based on the above recommendations,

using conventional balance techniques in patients
with phenylketonuria (PKU).

Patients

Balances were performed on 7 children (Table 1) aged
23 days to 8-25 years receiving treatment for PKU
with a controlled low phenylalanine diet in which a
mixture of synthetic L-amino acids provided most of
the protein requirements (Aminogran: Allen &
Hanbury Ltd.; for details see Bentovim et al., 1970;
Smith et al., 1973). 5 of the patients were changed
from MI to M2 at least 4 weeks before the balances
were performed, but Cases 1 and 2 had received
M2 for only 9 and 8 days respectively before the
studies began.

Materials and methods

The composition of the new mineral mixture M2 is
given in Table 2 together with that of Ml for

Table 1 Details of the patients

Period on M2
Case no. Sex Age Body weight before study Other clinical details

(yr) (kg) (w)

1 F 23 d 3-8 9 d Detection of PKU at 10 d
2 M 0-25 6-0 8 d Detection of PKU (atypical) at 19 d
3 (a)* M 2-08 11 5 6 Detection of PKU at 8 d; developing satisfactorily
3 (b)* M 3 33 13*0 6 Detection of PKU at 5 d; developing satisfactorily
3(c)* M 4-92 17 5 11 Detection of PKU at 8 w; developing satisfactorily
4 M 8-0 23-2 4 Diagnosis of PKU at 2 y; IQ <60
5 F 8-25 19-6 4 DiagnosisofPKUat1-17y;IQ83

*Sibs; balances carried out at home. All other balances performed in hospital.
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comparison. The amount included in the diet was
1 * 5 g/kg up to a maximum of 8 g daily. Manganese
was given in the form of one tablet per kg body

Table 2 Composition of mineral and trace metal
mixtures

Originalformula (Ml) Formula (M2)
(per kg) (per kg)

Calcium 2-05 mol (82 g) 2-05 mol (82 g)
Potassium 2-12 mol (83g) 2-12 mol (83 g)
Sodium I * 74 mol (40 g) 1 * 74 mol (40 g)
Magnesium 399 mmol (9 *7 g) 399 mmol (9 7 g)
Iron 9-00 mmol (550 mg) 11 -2 mmol (628 mg)
Copper 0-99 mmol (63 mg) 2-00 mmol (127 mg)
Zinc 1-84 mmol (120 mg) 7-34 mmol (480 mg)
Manganese 1 -04 mmol (57 mg) -*
Iodine 60 - 3 imol (7650 tg) 60 3 iLmol (7650 ,ug)
Aluminium 10-6 ,umol (285 ,ug) 10-6 uLmol (285 ,ug)
Cobalt 17-8 ,umol (1048 ,ug) 17-8 ILmol (1048 .&g)
Molybdenum 20-7 imol (1981 ±g) 20-7 tLmol (1981 ig)
Phosphorus I -92 mol (60 g) 1 -92 mol (60 g)

*Manganese administered in tablets, each containing 1-4 Ilmol
(75 4g).
Note: The above mixture was prepared from simple salts of the metals
shown, i.e. chloride, sulphate and phosphate together with lactate as
diluent.

weight daily. Unfortunately, analysis of the tablets
showed that each contained 1-4 ,umol (75 ,ug) Mn
and not the 1 1 ,umol (60 1tg) that was recommended.
The collection of diets, faeces, and urine, prepara-

tion of samples for analysis, and analytical proce-
dures used were as previously described (Alexander
and Delves, 1972; Alexander et al., 1974). Analyses
for N, P, and Ca were performed in addition to
those for Zn, Cu, Fe, and Mn.

Results

Figs. 1, 3, 5, 7 show the total daily intake plotted
against body weight, and Figs. 2, 4, 6, 8 show the
daily intake per kg body weight plotted against
daily excretion per kg body weight for the trace
metals Zn, Cu, Fe, and Mn.
The mean values for daily intake, excretion, and

absorption are given in Table 3, and in Table 4,
the percentages of the daily intakes of Zn, Cu, Fe,
and Mn absorbed and retained by the patients are
compared with results seen in healthy children on
normal diets.

Table 3 Mean uptake and excretion of nutrients (units/kg per day ± SD)
Excretion

Element Study* Intake Absorbed Retained
Total Urine Faeces

Zn A 2-57±1-30 2-71±1-58 0-70±0-87 2-01±0-96 0-56±0-81 -0-14±0-58
(imol) B 4-64±1-62 3 96±1 59 0-32±0-23 3-64±1-64 1-00±1-45 0-68±1-25

C 6-23±3-72 5-02±1-99 0-18±0-15 4-84±1-87 1-39±1-62 1-21±1-84

Cu A 0-86±0-37 1-21±0-76 0-12±0-24 1-09±0-56 -0-23±0-34 -0 35±0 50
(,mol) B 0-55±0 35 0-48±0-27 0-05±0-06 0-43±0-29 0-12±0-21 0-07±0-19

C 1-52±0-68 1-16±0-47 0 05±0 06 1-11±0-41 0-41±0-32 0-36±0-27

Fe A 6-80±2-15 6-97±1-88 0-02±0-04 6-95±1-88 -0-15±1-95 -0-17±197
(,imol) B 7-22+5-32 6-03±4-87 0-27±0-20 5-76±4-73 1-46±0-95 1-19±0-88

C 11-6 ±5-77 9-11±2-74 0-28±0-43 8-84±2-52 2-79±3-89 2-52±3-90

Mn A 0-98±0-27 0-95±0-19 0-02±0-02 0-93±0-17 0-05±0-20 0-03±0-19
(timol) B 1-05±0-49 0-89±0 52 0-02±0-01 0-87±0-52 0-18±0-30 0-16±0-30

C 2-22±0-86 1-78±0-86 0 01±0-02 1*77±0-86 0-45±0-36 0-44±0 37

Ca A 1 65±1 10 1-27±0-86 0-06±0-04 1-21 ±0-83 0-44±0-36 0-38±0-34
(mmol) B 1-35±0-82 0-67±0-37 0-05±0-02 0-62±0-32 0-73±0-85 0-68±0-83

C 2-32±1-37 1-38±0-75 0-12±0-07 1-26±0-56 1-06±0-99 0 93±0 93

Mg A 0-52±0-24 0-36±0-15 0-09±0-02 0-27±0-15 0-25±0-11 0-16±0-11
(mmol) B 0 35±0 09 0-26±0-09 0-10±0-29 0-16±0-08 0-19±0-07 0 09±0 07

C 0-48±0-19 0-36±0-10 0-16±0-03 0 20±0 09 0-28±0-12 0-12±0-10

P A 1-84±1-00 1-08±0-39 0-62±0-22 0-46±0-18 1-38±0-90 0-76±0-82
(mmol) B 1-90±0-61 1-26±0-47 0-78±0-33 0-48±0-20 1-42±0-51 0-64±0 34

C 2-19±1-24 1-39±0-61 0*85±0-37 0 54±0 26 1-65±1-03 0-80±0-73

N A 25-8 ±6-28 15-8 ±4-71 13-9 ±4-57 1 9 ±0-51 23-9 ±6 00 10-0 ±9-35
(mmol) B 25-1 ±8-78 18-6 ±4-71 16-3 ±6-28 2-3 ±0-84 22-8 ±8 35 6-5 ±7-78

C 32-1 ±8 85 19-0 ±7 85 16-5 ±7 50 2-5 ±0-62 29-6 ±8-57 13-1 ±8-06

*A, Patients receiving synthetic diets
B, Healthy children receiving normal diets
C, Patients-this study.

} (Alexander et al., 1974).

Conversion: SI to traditional units-Zn: 1 mol65-4tg. Cu: 1 t.mol63-5 ±g. Fe: 1 ,umol,&55-8 .Lg. Mn: 1 ,umol-54 9 tBg. Ca: I mmol
-40-1 mg. Mg: I mmol 24-3 mg. P: I mmol 31 mg. N: 1 mmol14 mg.
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64 Lawson, Clayton, Delves, and Mitchell

Table 4 Effect of increasing trace metal content ofa synthetic diet on absorption and retention of the trace metals

Zinc Iron Copper Manganese

Study %Abs %Ret %Abs %Ret %Abs %0Ret %Abs %Ret

A 15 -7 -6 -6 -30 -40 3 1
B 18 11 23 20 21 13 20 18
C 13 1 1 18 16 27 24 24 22

*A, Patients receiving synthetic diets and Ml } (Alexander et al., 1974).
B, Healthy children receiving normal diets
C, Patients-this study.
%Abs, mean values for percentage absorption;
°' Ret, mean values for percentage retention.

Discussion

These patients consumed a greater quantity of
freely allowed natural foods, mainly fruit and vege-
tables, than those in the earlier study (Alexander
et al., 1974; for details of diets in PKU, see Francis,
1975). Their daily intakes of P and Ca were therefore
higher (Table 3) even though the amounts of these
macro-constitutents in M2 were not increased over
those in Ml.
The mean daily intakes of Zn and Cu were

approximately those expected from the larger
amounts of these metals in M2, but for Fe and Mn,
the observed increases were greater than expected.
This may be explained by the increased consumption
of freely allowed foods, particularly by the older
patients, which would have relatively little effect on
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Fig. 1 Daily zinc intake v. weight. (1) Patients and
(2) healthy children, from Alexander et al. (1974); (3)
patients from this study. Conversion: SI to traditional
units-Zinc: I psmol/kg665 4 j,g/kg.

the total daily intakes of Zn and Cu because of their
large increases, fourfold and twofold respectively, in
M2. The consumption of larger quantities of natural
foods would have a greater effect on the total intake
of Fe, which was increased by only 25% in M2, and
of Mn which was administered separately in tablet
form at only the slightly higher dosage of 1 4 /Amol
(75 ,ug)/kg per day compared with the previous in-
take of 0 98 pmol (54 ,g)/kg per day (Alexander
et al., 1974) provided by Ml.

Zinc. The daily intake of Zn by the patients who
received M2 closely matched that observed for the
control children in the earlier study (Fig. 1) and
ranged from 46 to 75 ,umol (3 0 to 4 9 mg)/day
which is almost exactly the recommended intake for
children of 46 to 77 ,umol (3 0 to 5 0 mg)/day
(National Research Council, 1973). 6 of the 7
patients were in positive balance (Fig. 2) compared
with only 3 out of 6 in the earlier study and the
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Fig. 2 Daily zinc balance.
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Fig. 3 Daily copper intake v. weight. (1) Patients
and (2) healthy children, from Alexander et al. (1974);
(3) patients from this study. Conversion: SI to tradi-
tional units-Copper: I ,pmol/kgz-63 *5 dg/kg.

percentages of the daily intake which were absorbed
and retained by the patients were closer to those of
the control children (Table 4).

Copper. The mean daily intake of copper by the
patients receiving M2 was 1 5 ,tmol (96 ,tg)/kg per
day which is slightly in excess of the 0-6-1 2 ,umol
(40-80 ttg)/kg per day recommended for children
(WHO, 1973; National Research Council, 1973).
All the patients were in positive balance (Fig. 4) com-

0 *

-a
0
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0

pared with only 2 out of 6 in the earlier study and the
percentages of dietary copper absorbed and re-
tained were similar to those previously observed in
control children (Table 4).

Iron. The daily intake of iron by the patients re-
ceiving M2 ranged from 78 to 167 jumol (4-38-
9-35 mg). Though this is lower than the 179 to 269
jpmol (10-15 mg) daily recommended for children
(National Research Council, 1973), it encom-
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Fig. 5 Daily iron intake v. weight (1) Patients and (2)
healthy children, from Alexander et al. (1974); (3)
patients from this study. Conversion: SI to traditional
units-Iron: lj,mol/kgSS8 pg/kg.
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Fig. 4 Daily copper balance.
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Fig. 6 Daily iron balance.
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passes the normal intake of 143 /Lmol/day (8 mg/
day) quoted by Macy (1942). 5 of the 7 patients
receiving M2 were in positive balance for Fe
(Fig. 6) compared with only 2 of the 6 patients who
received MI in the earlier study. The percentages of
the intake absorbed and retained by the patients
receiving M2 were closer to those observed in the
control children than in the previous study (Table 4).

Manganese. Alexander et al. (1974) had recom-
mended that the patients should receive 1 1 umol
(60 ,tg)/kg per day of Mn from tablets each con-
taining 1 -1 umol. Owing to a manufacturing error
each tablet contained 1 -4 ,tmol (75 ,tg) so that the
patients received 1 -4 ,umol/kg per day. The 2
infants (Cases 1 and 2) who received only milk and
Aminogran had dietary intakes of 1 - 37 jtmol

Six out of the 7 patients were in positive balance
(Fig. 8) compared with only 3 out of 6 who received
MI, and Table 4 shows that the percentages of the
intake absorbed and retained by the patients
receiving M2 were closer to those of the control
children.
The recommended increases in the contents of Zn,

Fe, Cu, and Mn in the new trace metal supplement
(M2) have therefore resulted in an overall improve-
ment of the balance status of the patients for these
metals. 6 out of 7 of the patients receiving M2 were
in positive balance for all four metals (Figs. 2, 4, 6,
8) wbereas in the earlier study of 6 patients who
received MI, only 2 were in positive balance for Fe
and Cu, and only 3 for Zn and Mn.
Although the percentages of the dietary intakes of

Zn, Cu, Fe, and Mn that were absorbed by the
patients receiving M2 are now much closer to those
previously observed for the healthy children, the
absolute amounts absorbed and retained are higher
due to the higher absolute intakes. The intakes were
increased in order to produce positive retentions of
these metals by the patients and this has been ac-
complished. There is therefore no indication that
any further change should be made for Zn, Cu, and
Fe, though the long-term effects, if any, of greater
than normal retentions of these metals will need to
be kept under review.

In the case of Mn the intakes were much higher
than expected and do not compare with our pre-
vious findings. This is due to the greater intake of
natural foods by the present group of patients. It is

0

15 20 25 30

Fig. 7 Daily manganese intake v. weight. (1) Patients
and (2) healthy children, from Alexander et al. (1974);
(3) patients from this study; (4) 1 * 4 jtmol/kg per day.
Conversion: SI to traditional units-Manganese:
I ptmol/kg-54-9 ug/kg.

(75 -2 ,tg)/kg per day and 1 -41 pmol (77 4 ,tg)/kg
per day (Fig. 7), which were close to the theoretical
intakes from the tablets. The older children, how-
ever, had significantly greater intakes of 1 9-334
,tmol (102-185 tLg)/kg per day due to freely allowed
natural foods, though the absolute amounts re-
ceived by these patients of 5 S-58 jtmol (O 3-3 * 2 mg)
/24 hours is comparable with that observed for
preadolescent girls of 38-87 t,mol (2-1-4 -8 mg)/24
hours by Engel et al. (1967).
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Fig. 8 Daily manganese balance.
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therefore recommended that Mn should be supplied
in tablet form in an amount of 1 -1 ,umol (60 ,ug)/kg
body weight daily up to a maximum of 6 6 ,umol
(360 pg). Alternatively, in order to avoid making
the supplement more complex, this intake of Mn
could be achieved by adding the Mn to the supple-
ment at a concentration of 0 * 82 mmol (45 mg)/kg of
M2.

In view of this study and our earlier data (Alex-
ander et al., 1974), it is likely that our patients being
treated with the diet containing Ml were receiving
deficient intakes of Cu, Mn, and Fe, and especially
of Zn.

In a recent paper Lombeck et al. (1975) have shown
reduced concentrations of serum selenium (Se) in
patients receiving synthetic diets for the treatment of
PKU and maple syrup urine disease. Though Se
is essential for animals, the requirement for this
element in man is not known, but patients with
kwashiorkor who had low serum Se levels had an
increased weight gain when Se supplementation was
given (Levine and Olson, 1970; Schwarz, 1965).
Lombeck et al. (1975) emphasize the risk of defi-
ciencies with synthetic diets and give this as an
example.

In a collaborative study in the USA it was found
that children with PKU were developing normally
on treatment (Koch et al., 1973) and it was encourag-
ing to see how closely the intellectual assessment
approximated to that of the general population of
3 and 4 year olds. The patients did, however, appear
to be slightly lower in intelligence than their normal
sibs. There are many reasons why this should be,
and nutritional deficiency is one possible contribu-
tory factor. In an early series of patients, Smith et al.
(1973) observed a negative correlation between IQ
and overt symptoms and signs of nutritional de-
ficiency occurring in the first year of life. It is im-
portant that the intakes of mineral and trace metals
in addition to phenylalanine and vitamins should
be adequate. Until recently only limited information
has been available on requirements for trace metals,
and it is likely that their intake in synthetic diets
has not been optimal.

Financial support from the Wellcome Trust, Allen
& Hanbury Ltd., and Unigate Foods Ltd. is grate-
fully acknowledged. The mineral mixtures were
kindly provided by Dr. P. Woodings of Allen &
Hanbury Ltd. We are grateful to Professor 0. H.

Wolff and Dr. Isobel Smith for permission to study
their patients.
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