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COMPARISON OF THE BIOAVAILABILITY OF TRACE ELEMENTS IN
INORGANIC SALTS, AMINO ACID CHELATES AND YEAST

Abstract

The bioavailabililty of various forms of the trace elements selenium, manganese, zinc and iron has been in-
vestigated using rats as the test animal. Ten groups of 5 rats each were used for the study. For each element
studied, all rats were fed a commercial trace element deficient diet for 2 to 4 weeks to produce a state of
deficiency. Then each group was fed the element supplemented at one of three levels in one of 3 forms -
inorganic salt, commercial amino acid chelate and yeast. After this period of supplementation, the rats were
sacrificed and the concentration of the element determined in the blood and liver. The slope of the plot of
element concentration in the diet vs. element concentration in the blood or liver gave the bioavailability.

In the blood the order of decreasing bioavailability is yeast > inorganic salt > amino acid chelate. In the liver
the order is yeast > amino acid chelate > inorganic salt. The results show that yeast is the most bioavailable
form of the element. It is thus concluded that yeast is the best form for trace element supplementation.
Introduction

Although trace element deficiencies resulting in overt physiological changes are rare in the population of
developed nations, the incidence of sub-optimal deficiencies may, in fact, be common. These slight deficien-
cies are a result of three factors:

1) soil deficiencies of trace elements in certain geographical areas.

2) declining level of trace elements in the soil due to repeated farming and the use of easily leachable inor-
ganic fertilisers.

3) processing of foods prior to consumption.

There are many different forms of trace elements in supplements for human consumption that are available
in the market place. Inorganic salts such as sulphates and carbonates are the most commonly used forms as
they are the cheapest. Also common are the organic salts such as citrates and gluconates. Another form
which is thought to be more utilised by the body are the amino acid chelates. These are usually formed by
hydrolysis of protein and reaction of the resulting amino acid with an inorganic salt to supposedly form a
chelate of the metal with the ligand amino acids. A third form, yeast, is produced by growing a yeast in a
nutrient medium containing the inorganic salt. In theory, the yeast absorbs the element by forming a natu-
ral chelate between the metal ion and the proteins and/or amino acids of the yeast.

With the advent of atomic absorption spectroscopy twenty years ago, there has been a large body of litera-
ture on the concentration of trace elements in foods and more recently physiological fluids. While labora-
tory analysis can determine how much of a given material is present in a food, only a well designed bioassay
can provide information about the bioavailability of that material. In nutrition, a bioassay is especially im-
portant in dealing with essential trace elements because many factors influence their utilisation. Among
these are digestibility of the carrier food, chemical and physical form of the element, the body's own need
for that element, interaction with other nutrients and the role of chelation.

Bioavailability was defined by Fritz (1976) as the ration between the quality of a nutrient in a sample as de-
termined by animal assay to the quantity determined by chemical analysis. There are several methods to
determine bioavailability of trace elements. These include :

1) balance studies with either man or laboratory animals,

2) radiotracer techniques, or

3) serum metal response following test doses.



Although radiotracer studies with mice or animals are the easiest to perform, the results may be criticised
because the spiked radiotracer may not behave in the same way as the non-spiked element being tested.
This is the case when the form of the element being tested is different to that of the spiked tracer. Animal
studies offer the best method of determining bioavailability of a trace element. The Association of Official
Analytical Chemists (1975) has adopted a method for measuring bioavailability of iron based on repletion
of haemoglobin in anaemic rats. In this official method a reference standard is used and other forms of
the element compared to it.

Materials and Methods

Male weanling Sprague-Dawley rats (45-55 g) were used for the study. The rats were put into 10 groups of
5 and matched according to the average weight of the group. Each group was housed in steel cages and
fed water and rat food ad libitum. All groups were fed a trace element deficient diet (ICN Nutritional Bio-
chemicals) for a period of time to induce a depletion of the trace element. Then one group was continued
on the deficient diet for the duration of the study. The other 9 groups were fed 3 different levels of trace
element supplemented with 3 different forms of the element - inorganic salt, amino acid chelate and
yeast. The forms were weighed, thoroughly pulverised, and added to the powdered diet in a laboratory
blender.

After the repletion period, all rats were weighed and sacrificed. The liver and the blood were removed and
stored at -20°C until analysis.

Selenium (Se) Study

The rats were fed selenium deficient food for 12 days. The repletion study used the same diet to which 50
ppb, 100 ppb and 200 ppb Se were added. The forms of Se used were sodium selenite Na,SeOs, amino
acid chelate (Essential Organics, 50 pg/tablet) and yeast (Grow, 200 ug Se/g yeast).

The liver and blood were dry ashed according to Tam and Lacroix (1979) except that 50% HNOs was used
to dissolve the ash. Liver and blood Se were analysed fluorimetrically according to the AOAC method
(1975).

Manganese (Mn) Study

The depletion period lasted 21 days using the Mn deficient diet containing 160 ppb Mn. The food was
then supplemented with 2 ppm, 5 ppm, and 10 ppm Mn in the form of manganese sulphate (MnSQ,),
amino acid chelate (Nu-life products 10 mg/tablet) and high Mn yeast (Grow, 0.05 g Mn/g yeast). The liver
and blood Mn were measured by atomic absorption spectroscopy after a modification of the AOAC
method (1975). The samples were heated with 2N HCI while drying overnight at 105-110°C, then dry
ashed at 350-400°C.

Zinc (Zn) Study

Rats were fed a low Zn diet (1.1 ppm) for 30 days. They were then supplemented for 30 days with 50 ppm,
100 ppm, and 250 ppm Zn in the form of zinc sulphate (ZnSO,), amino acid chelate (NF Factors, 15 mg Zn/
tablet) and High Zn yeast (Grow, 0.063 g Zn/g yeast). Liver Zn was determined by atomic absorption spec-
troscopy after drying in an oven for several hours at 105°C, then dry ashing overnight at 450°C. The ash
was reconstituted in 2N HCI. Blood Zn was determined by atomic absorption spectroscopy using the
method of Stevens (1979) in which 0.5 ml of blood was diluted to 100 ml with 0.05% aqueous Triton X-100.

Iron (Fe) Study

The depletion period was 18 days with Fed deficient food (5.8 ppm). Repletion lasted 30 days with food
supplemented with 10 ppm, 25 ppm and 50 ppm Fe in the form of Iron sulphate (FeSO,), amino acid che-
late (Natural Sales company, 22 mg Fe/tablet) and High Fe yeast, (Grow, 0.05 g Fe/g yeast). Liver Fe was
determined by atomic absorption spectroscopy using the same ashing procedure as for Zn. Blood haemo-
globin Fe was determined by atomic absorption spectroscopy using the method of Zettner (1967).



Calculations

The bioavailability was calculated using a conventional linear dose response plot. The concentration of
element in the diet (x-axis) was plotted vs. the concentration in the blood or liver (y-axis). the slope of the
line and the least squares correlation coefficient were calculated using a Texas Instrument SR-51-11 calcu-
lator. From the slope of the line, the bioavailability was determined. The inorganic salt was used as the
standard for comparison purposes.

Results and Discussion

Selenium Study

The nutritional value of selenium was first described in experimental animals over 20 years ago by
Schwartz and Poltz (1957). Selenium has been shown to be necessary for growth and fertility in animals. It
is also necessary for the prevention of various animal disease conditions including liver necroses.
Stadtman (1980) has reviewed the selenium dependent enzymes in living systems. In man, glutathione
peroxidase is the most important selenium enzyme and it is involved in cellular defence against oxidants.
the case for its essential ability in man has been revised by Schroeder (1970). the food and Nutrition Board
of the National Academy of Sciences (1979) has recommended 50-200 pg of Se/day for human adults.

The results of the dose responce assay and bioavailability are shown in Tables 1 and 2. As can be seen, the
blood and liver levels rise with increasing dose. This has also been seen by other investigators. Selenium
deposition in the blood, muscle, liver, kidney and skin of chicken was shown by Scott and Thompson
(1971) to bear a direct relationship between inorganic Se in the diet in levels up to 0.3 ppm. The order of
relative bioavailability was seen to be different in the liver than in the blood. However, in both liver and
blood, the yeast Se was the most bioavailable. In the liver, chelate Se was more bioavailable. Natural Se
was also found by Latshaw (1975) to be superior to selenite Se in increasing the Se levels in the muscle
and liver of laying hens. We found, in rats, a linear relationship between dose and response. Ku (1972)
found a linear correlation between muscle Se and dietary Se in pigs.

Table 1 : Dose response Assay for different forms of Selenium in the blood and Liver of rats
supplemented with Selenium.

Forms of Se Se in Food (ppb) Average Blood Se (ppb)  Average Liver Se (ppb)
Na,5¢0, 50 463+ 174 490 + 64

Na 5¢O, 100 790 + 245 727+ 43

Na 5¢0O, 200 1249 + 356 933 +331

Chelate 50 352+ 1219 503 223
Chelate 100 560 = 308 750+ 129
Chelate 200 811 +483 1129 + 76
Yeast 50 708 = 253 651 + 287
Yeast 100 947 + 361 Q08 &+ 162
Yeast 200 1633 +£226 1597 + 160

Table 2 : Relative bioavailability of different forms of Selenium

Form of Se Slope of Plot Coefficient correlation  Relative bicavailability
Na 5e0, 5.15 (blood) 0.9956 100% (blood)

Chelate 3.10 (blood) 0.9868 60% (blood)
Yeast 6.23 (blood) 09966 122% (blood)
Na Se0, 2.83 (liver) 0.9236 100% (liver)

Chelate 4.12 (liver) 0.9976 146% (liver)
Yeast 6.39 (liver) 0.9977 226% (liver)




Manganese Study

Manganese (Mn) deficiency has been demonstrated in many animals and is observed in man in associa-
tion with vitamin K deficiency (Doisy, 1974). The main manifestations of Mn deficiency are impaired
growth, skeletal abnormalities, disturbed or depressed reproductive functions, ataxia of the new born and
defects in lipid and carbohydrate metabolism are displayed in all species studied, (Underwood, 1977). The
National Academy of Sciences (1979) has recommended 2.5-5.0 mg Mn/day for a human adult. However,
recent studies in Japan, England and the United States, (Underwood, 1977) have shown that the average
daily intake is 2-3 mg, on the low end of the recommended scale. The low intake is due in part to the fact
that whole cereal grains which are high in Mn such as wheat (38 ppm) are processed to produce white
flour containing only 5 ppm Mn (Zook, 1970).

The results for the Mn study are shown in Tables 3 and 4. The yeast was the most bioavailability form of
the 3 forms tested. The order of bioavailability in blood was yeast > inorganic Mn > chelate. In liver, the
order was, yeast > chelate > inorganic Mn. The extreme variability of the blood and liver concentrations of
members of a group has been seen by other workers, (Hurley, 1974). they found that at low levels of Mn
(less than 40 ppm) the response of individuals may vary greatly due to differences in genetic background.
Britton, (1966) found in agreement with this study that a linear relationship existed between dietary Mn
and tissue levels in mice. The present study appears to be the first to examine the relative bioavailability
of different forms of Mn.

Table 3 : Dose response assay for different forms of Manganese in the blood and Liver of rats
supplemented with Manganese.

Forms of Mn Mn in Food{ppm) Average Blood Mn (ppm) Average Liver Mn (ppm)
MnSO, 2 350+5.8 72.8+22.6
MnSO, 5 45.7+10.8 94.4+47.6
MnSO, 10 65:7x13.5 150.8 £49.6
Chelate 2 32674 82.8+252
Chelate 5 42.5+6.5 130.6 £40.0
Chelate 10 54.1+47 191.6+50.8
Yeast 2 445+16.1 121.2+374
Yeast 5 64.6 =14.8 159.6 £25.8
Yeast 10 89.0+10.9 223.6 £40.2
Mn deficient food 0.016 26.0+4.8 444 +18.0

Table 4 : Relative bioavailability of different forms of Manganese.

Form of Mn Slope of Plot Coefficient correlation  Relative bioavailability
MnSO, 3.95 (blood) 0.9995 100% (blood)
Chelate 2.80 (blood) 0.9955 71% (blood)
Yeast 6.15 (blood) 0.9900 156% (blood)
MnSO, 10.29 (liver) 0.9961 100% (liver)
Chelate 14.43 (liver) 0.9952 142% (liver)
Yeast 16.76 (liver) 0.9672 163% (liver)




Zinc Study

Zinc (Zn) is probably the most studied of the trace elements. Growth retardation was observed in the
original demonstration of Zn deficiency in rats (Todd, 1934). Nutritional dwarfism and hypogonadism are
the main clinical manifestations of Zn deficiency in humans (Prasad, 1962). Also, appetite and taste are
adversely affected by a Zn deficiency. Zn is also an important constituent for many enzymes. The recom-
mended daily allowance is 15 mg/day for a male adult and 25 mg/day for lactating women. Sandstead
(1973) has stated that diets of some infants, pregnant women and college women and institutionalised
individuals are deficient in Zn. The results of the Zn supplementation study are shown in Table 5 and 6.

Table 5: Dose response assay for different forms of Zinc in the blood and Liver of rats supplemented
with Zine.

Forms of Zn Zn in Food{ppm) Average Blood Zn (ppm) Average Liver Zn (ppm)
211504 50 277009 6.85 (.99
211504 100 298024 209 =1.67
ZI]SO4 250 341 =053 896=1.12
Chelate 50 2.76=0.57 6.75=1.10
Chelate 100 3.06 =0.60 2.32=2.10
Chelate 250 341097 9.60=1.82
Yeast 50 279025 7.26=1.23
Yeast 100 345047 9.29=1.38
Yeast 250 398074 11.33=1.21
Zn deficient food 1.1 2,56 =0.08 6.16 = 1.37

Table 6 : Relative bioavailability of different forms of Zine.

Form of Zn Slope of Plot Coecfficient correlation Relative bioavailability
ZnS0, 0.00334 (blood) 09527 100% (blood)
Chelate 0.00336 (blood) 09786 101% (blood)
Yeast 0.00576 (blood) 0.9639 172% (blood)
ZnSO, 0.0110 (liver) 09507 100% (liver)
Chelate 0.0142 (liver) 0.9672 129% (liver)
Yeast 0.0206 {liver) 0.9736 187% (liver)

In this study the order of bioavailability of Zn is yeast > chelate > inorganic Zn. however, the blood
bioavailabilities of Zn were almost identical for inorganic Zn and the chelate. A linear response of blood
and liver concentration to diet concentration was seen in this study. Kirchgessner, (1972) also found a lin-
ear relationship in rats.

Iron Study

The demands of the body for iron are greatest during three periods - the first two years of life, the period
of rapid growth and throughout the child bearing age in women.

Iron deficiency in children results in the development of fatigue, anorexia depressed growth and de-
creased resistance to infection. The clinical symptom of Fe deficiency is anaemia. The National Academy
of Sciences (1974) recommends from 10-18 mg Fe/day. Fe fortification of cereals, flour and bread is com-
mon in the United States to prevent deficiencies. But Callender, (1973) states such a fortification can only
be expected to prevent some women who are marginally deficient from developing Fe deficiency. The
results from the Fe study are shown in Table 7 and 8.



Table 7: Dose response assay for different forms of Iron in the blood and Liver of rats supplemented
with Iron.

Forms of Fe Fe in Food(ppm) Average Blood Hb (mg/100ml) Average Liver Fe (ppm)

FeSO, 10 65.5=164 300=x14
FeSO, 25 1079+ 15.7 43.1+34
FeSO, 50 116.5+25.7 51545
Chelate 10 72.0+13.8 37.9+6.7
Chelate 25 88.0+x11.1 40.1=5.3
Chelate 50 01.2+10.1 455+3.7
Yeast 10 69.5=13.1 40.6=6.5
Yeast 25 104.7 £ 18.9 446=x=3.8
Yeast 50 1186+ 17.8 55.9+4.1
Fe deficient food 5.8 48.3+15.3 202+23

Table 8 : Relative bioavailability of different forms of Iron.

Form of Fe Slope of Plot Coefficient correlation  Relative bioavailability
FeSO, 1.39 (blood) 0.9282 100% (blood)
Chelate 0.79 (blood) 0.8785 57% (blood)
Yeast 1.41 (blood) 0.9510 101% (blood)
FeSO, 0.405 (liver) 0.9532 100% (liver)
Chelate 0.290 (liver) 0.9303 72% (liver)
Yeast 0.491 (liver) 0.9695 121% (liver)

The results again show that the Fe yeast is the most bioavailable for of Fe. However, in contrast to the case with the
other elements, the yeast Fe and inorganic Fe are very similar in their blood bioavailability. Amine, (1972) performed
a bioavailability study of Fe in rats and found FeSQ,, inorganic Fe, to be 3 times more bioavailable in the blood than
haemoglobin, organic Fe. Thus, the results in this study with the yeast are even more remarkable. Apparently inor-
ganic Fe in contrast to other trace elements in highly bioavailable.

Conclusions

The results of this bioavailability study indicate the yeast is the most bioavailable of the forms examined for selenium,
manganese, zinc and iron. The results may not be unexpected since yeast is the most "natural' of the forms studied. It is
recommended that the yeast should be used as a trace element supplement in both human and animal diets.
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