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1. De rat is niet in alle gevallen een goed model voor de mens. 
Dit proefschrift 

2. Bij het gebruik van laag-energetische vetvervangers zou niet alleen gelet moeten worden 
op de veiligheid van deze stoffen maar ook op de effectiviteit ervan. 

3. Door chemie meten wat we eten suggereert het kwantitatief weten van voedsel-
bestanddelen, maar zegt niets over de beschikbaarheid ervan. 

4. Hoewel het magnesiumgehalte in serum (of plasma) de meest gebruikte parameter is voor 
het vaststellen van de magnesiumstatus, weerspiegelt dit gehalte slechts acute effecten op 
de magnesiumhuishouding. 
RJ Elin, 1987 

5. De vitamine E concentratie in het serum wordt mede beïnvloed door het type 
voedingsvet. 

6. Het hoge fytaatgehalte in vegetarische voedingen heeft waarschijnlijk geen negatieve 
invloed op de magnesiumstatus vanwege het eveneens hoge magnesiumgehalte in deze 
voedingen. 

7. De vorming van een calcium-magnesium-fosfaat complex is complex. 
Dit proefschrift 

8. De opvatting dat natrium de uitscheiding van calcium met de urine verhoogt is 
waarschijnlijk onjuist. 
JL Greger et al, 1991 

9. Het feit dat suppletie van magnesium het optreden van hartaandoeningen vermindert zou 
erop kunnen wijzen dat de aanbevolen magnesiuminneming is onderschat. 
MS Seelig, 1986; RB Singh 1990 

10. "Humane Voeding" en "Moleculaire Fytopathologie" staan dichter bij elkaar dan men 
op het eerste gezicht zou denken. 

11. "Word Perfect" kan ertoe bijdragen dat een proefschrift "Perfect Word(t)" 

Stellingen behorende bij het proefschrift van Lisette Brink: "Nutrition and magnesium 
absorption". 1 april 1992 
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Chapter 1 

Scope of this thesis 



Scope of this thesis 

Magnesium is an essential mineral and is indispensable for the course of many fundamental 
biological processes in vertebrate animals, including man (1). Inadequate magnesium intake 
and/or impaired magnesium absorption might be involved in the pathogenesis of osteoporosis, 
hypertension, coronary heart disease and cancer (2-5). Thus, it is important to identify 
dietary constituents that either reduce or improve the intestinal absorption of magnesium. 

Intestinal absorption of minerals can be determined by epithelial and luminal 
characteristics. Although the process of epithelial uptake of magnesium is not yet fully 
understood (6), it appears that the concentration of soluble magnesium in the intestinal lumen 
is a major determinant of the amount of magnesium absorbed (7-12). 

This thesis attempts to elucidate the influence of various nutrients on the solubility of 
intestinal magnesium and its impact on magnesium absorption in rats and in humans. Various 
nutrients present in dairy products and soybean protein-based products, namely casein, 
soybean protein, phytate, calcium, phosphate and lactose were studied. There is an increasing 
use of soybean products as substitute for animal protein in the diets of adults and also in 
infants foods (13), whereas the impact of this dietary change on magnesium absorption is not 
clear. Although the influence of the above-mentioned nutrients on magnesium absorption has 
been studied by various authors, there is considerable discrepancy and underlying 
mechanisms are largely unknown (Chapter 2). 

In Chapter 2, literature data on the effects of different nutrients on intestinal absorption 
of magnesium are reviewed. Chapter 3 deals with the effects of casein, soybean protein, 
phytate and lactose on apparent magnesium absorption in rats. To see whether the observed 
effects of the single components are also exerted when present in intact products, the effects 
of cow's milk and soybean beverage are compared (Chapter 4). Chapter 5 describes the 
effect of lactose on intestinal pH and intestinal magnesium solubility in rats in an attempt to 
explain its effect on magnesium absorption. Chapter 6 focusses on the interaction between 
dietary magnesium, calcium and phosphate in the intestinal lumen of rats and its impact on 
apparent magnesium absorption. The effects of casein, soybean protein, phytate, lactose and 
phosphate on true magnesium absorption and endogenous fecal magnesium loss in rats are 
presented in Chapter 7. Chapter 8 concerns the effect of lactose intake on apparent absorption 
of magnesium in humans. Finally, in Chapter 9 the results of the presented studies are 
discussed. 
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Chapter 2 

Nutrition and magnesium absorption: a review 

Elizabeth J. Brink and Anton C. Beynen 



Introduction 

Magnesium is an essential mineral for vertebrate lifeforms and plays a key role in many 
fundamental biological processes such as muscle contraction, enzyme activition, blood 
coagulation and neural excitability (1). It has been suggested that aging, stress and various 
disease states may increase magnesium needs (2). Inadequate intake and impaired absorption 
of magnesium are thought to contribute to the pathogenesis of osteoporosis, hypertension, 
coronary heart disease and cancer (2-5). 

Thus, it is important to identify factors that either reduce or improve the intestinal 
absorption of magnesium. In this paper, the effects of various dietary components on 
intestinal magnesium absorption are summarized. Magnesium absorption in humans is 
emphasized, but dietary effects in rats are also discussed because the rat is frequently used 
as an experimental model. In the appendix tables, the design and outcome of studies in 
humans and rats are briefly described. The objective of this paper is to provide an inventory 
of nutritional influences on magnesium absorption. Differences in magnesium absorption may 
be reflected in magnesium concentrations of tissues. Thus, dietary effects on magnesium 
concentrations in various tissues, including blood plasma, are given also. In most cases, there 
is little information on the mechanisms underlying nutritional influences on magnesium 
absorption; when opportune, speculations are made. 

Magnesium metabolism 

Intake. Magnesium is widely distributed in foods. The daily intake of magnesium in adults 
usually is 250-500 mg (10-20 mmol), which mainly comes from cereals (6). Magnesium 
requirements as based on supposedly adequate intakes of magnesium and on metabolic studies 
vary from 100 to 1000 mg per day (7, 8). The National Research Council in the United 
States recommends 300 and 350 mg/day for young women and men, respectively, with an 
extra 150 mg/day during pregnancy (9). 

Absorption. In a recent review, Hard wick et al. (10) showed that despite extensive research 
on magnesium absorption, there is still uncertainty regarding the site and mechanism of 
intestinal magnesium transport. Most studies with humans (11-13) as well as with rats (14-18) 
indicate that the predominant site of magnesium absorption is the distal small intestine. This 
conclusion could be drawn independently of the experimental methods used, diet, age, and 
magnesium status of the experimental subjects. 

As to the mechanism of magnesium absorption, it appears that passive diffusion (13, 
15, 18-21) and active transport (22-26) both participate in intestinal magnesium absorption. 
For the small intestine, active, or rather saturable transport, is substantiated mainly by the 
observation that the rate of magnésium absorption plateaus at high luminal magnesium 
concentrations. The active absorptive mechanism in the descending colon probably is 
important only under conditions of extremely low dietary magnesium intake or rapid growth. 



Hardwick et al. (10) conclude that, at usual magnesium intakes, magnesium absorption 
occurs primarily by diffusional and solvent drag mechanisms. Thus, the concentration of 
soluble, or at least available magnesium on the luminal site is the major factor controlling 
the amount of magnesium absorbed. 

Intestinal magnesium absorption in humans varies between 35 and 70% of magnesium 
intake (7, 13, 26, 27). 

Excretion. Absorbed magnesium is retained either for tissue growth, including bone 
formation, or for use in turnover replacement. The kidney is the major excretory pathway 
for absorbed magnesium and thus tubular reabsorptive processes control magnesium 
homeostasis (28-30). Supplementing a diet with magnesium raises urinary magnesium 
excretion without altering serum levels provided that these are in the normal range (31). 

Hormonal regulation. Various hormones affect magnesium metabolism, but there is no 
evidence for a specific magnesium-regulating hormone (32). Numerous hormones may 
influence magnesium absorption, such as parathyroid hormone (33), calcitonin (34), growth 
hormone (35), aldosterone (36, 37) and vitamin D (22, 38-40). A stable serum magnesium 
concentration must be the result of balance between gastrointestinal uptake and renal 
reabsorption and excretion processes. 

Magnesium deficiency. Subclinical magnesium deficiency may occur frequently (7), but there 
are no solid data as to its incidence and impact. In contrast, severe hypomagnesemia is a well 
recognized clinical syndrome (2) characterized by muscular symptoms (tetany, muscular 
tremor), psychic disorders (agitation, confusion and hallucinations) and cardiological signs 
(disturbed ECG). Among the various clinical conditions associated with magnesium 
depletion, the most important are prolonged fasting and excessive losses via the gastro
intestinal tract due to absorptive disorders (2). 

Nutritional factors affecting magnesium absorption 

Amount of protein. It is clear that increasing the amount of dietary protein raises apparent 
magnesium absorption (ingested minus fecal magnesium) in rats (Appendix table 1). 
Enhanced magnesium absorption is invariably associated with elevated urinary magnesium 
excretion. One study with rats showed that increased protein intake lowered magnesium 
retention, but data on magnesium intake and absorption are not given (41). Other rat 
experiments demonstrated that high protein intake did not affect whole-body retention of 
magnesium (49, 51) or raised magnesium concentrations in plasma and carcass (47). 

Human studies also indicate that high protein intake results in increased apparent 
magnesium absorption (Appendix table 1). However, in some studies this may relate to the 
raised magnesium intake while ingesting the high-protein diet (55, 61, 63). Two studies 
reported no effect of increased protein intake on magnesium absorption in humans, but the 
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increase in protein intake was relatively small (57, 64). 
The increased apparent magnesium absorption on high protein diets was not associated 

with systematic changes in magnesium retention and urinary excretion. It would be expected 
that urinary magnesium excretion rises with increased protein intake. First, under steady state 
conditions increased magnesium absorption results in increased urinary magnesium excretion 
(65, 66). Second, sulfur containing amino acids in protein could stimulate urinary magnesium 
excretion (see below). 

Type of protein. Most studies in rats emphasize the effects of soybean protein versus casein, 
probably because of the increasing use of soybean protein as substitute for animal protein. 
Soybean products usually contain phytate (67), which lowers magnesium absorption (see 
below). Thus, soybean protein versus casein may be expected to decrease magnesium 
absorption which was indeed seen in a well-controlled experiment (42). In this experiment 
soybean protein also lowered urinary excretion of magnesium. 

Various workers reported that magnesium concentrations in serum, femur, kidney and 
liver of rats were not affected by feeding soybean protein instead of casein (Appendix table 
1), but magnesium intakes were not given or were higher with the soybean-protein diets. At 
marginal, but equal magnesium intakes, feeding soybean protein versus casein resulted in 
decreased magnesium concentrations in femur and plasma (42). In a recent study (68) it was 
shown that the impairment of apparent magnesium absorption in rats fed soybean protein 
versus casein was due to enhanced fecal excretion of endogenous magnesium, whereas true 
magnesium absorption was unaffected. This increased endogenous loss was compensated for 
by decreased urinary excretion so that magnesium retention remained unchanged. The 
observed effects were most likely caused by phytate in the soybean protein. Addition of 
phytate to a diet with casein, to a concentration identical to that in diets containing soybean 
protein, caused apparent magnesium absorption to fall to a level seen after feeding soybean 
protein (42, 68), whereas the effects on fecal excretion of endogenous magnesium were also 
similar (68). 

There are only sparse data on effects of type of protein on magnesium absorption in 
humans. Soybean protein versus meat protein had no effect on apparent magnesium 
absorption (59). A lactalbumin-casein preparation raised apparent magnesium absorption 
when compared with either beef protein or peanut flour (62). 

Sulphate and chloride. The increased urinary magnesium excretion seen after ingesting 
additional protein (Appendix table 1) might be analogous to the protein effect on urinary 
calcium excretion, which is ascribed to the sulfur containing amino acids in protein (69, 70). 
Indeed, in a study with rats, Greger et al. (71) demonstrated that dietary sulphate or 
bisulphate significantly raised urinary magnesium excretion, which was associated with 
slightly increased apparent magnesium absorption. Data on magnesium retention are not 
available, but magnesium concentration in tibia was decreased after sulphate feeding (71). 

The chloride anion, which is often associated with isolated proteins could also be 
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responsible for the increased urinary magnesium excretion after protein ingestion. Ingestion 
of chloride from different sources raises urinary magnesium excretion in rats (71, 72). 
However, apparent magnesium absorption was not significantly influenced by chloride, which 
explains the observed decreased magnesium concentration in tibia. 

Bicarbonate and ammonium. Greger et al. (71) observed in studies with rats that feeding 
sodium bicarbonate increased apparent magnesium absorption in one experiment, but not in 
another. Urinary magnesium excretion was not influenced by sodium bicarbonate. In 
contrast, Levin and Winaver (73) showed that bicarbonate infusion, causing metabolic 
alkalosis, enhanced tubular reabsorption of magnesium associated with decreased urinary 
magnesium excretion. Metabolic acidosis may decrease tubular reabsorption of magnesium, 
resulting in increased urinary excretion. McDougal and Koch (74) did show that ammonium 
chloride directly inhibits renal magnesium reabsorption, but Toothill (50) was unable to 
demonstrate an effect on apparent magnesium absorption. 

Fat. Studies with rats demonstrated that a diet containing equal parts of medium chain 
triglycerides, sunflower seed oil and olive oil significantly raised apparent magnesium 
absorption in comparison with a diet containing olive oil as only fat source (75). This might 
be caused by the lower capacity of medium chain triglycerides to form soaps with magnesium 
(76, 77). Studies of Behling et al. (78) and Kaup et al. (79) showed that increasing the 
dietary fat concentration from 5% (w/w) to 20% (w/w) can improve apparent magnesium 
absorption. Because of the possible formation of magnesium soaps in the intestine the 
opposite would be expected. However, the effect depended on dietary magnesium and 
calcium concentrations. Increasing fat intakes improved apparent magnesium absorption at 
a dietary magnesium concentration of 0.5% (78), but no effect was seen when dietary 
magnesium concentration was 0.05% (79). In rats fed diets containing high calcium 
concentrations, fat seemed to improve magnesium absorption, but it was depressed in rats 
fed high-fat diets with a low calcium concentration. This suggests that fatty acids 
preferentially form complexes with calcium rather than with magnesium. Tadayyon and 
Ludwak (80) showed that supplementation of a fat-free diet with 25 energy % in the form 
of either tripalmitin or tristearin depressed apparent magnesium absorption in young rats. 

Studies with humans could not demonstrate any effect of concentration or kind of 
dietary fat on magnesium absorption. Results of Van Dokkum et al. (81) indicate that 
decreasing the dietary fat intake from 42 to 22 energy % does not influence apparent 
absorption, urinary excretion and retention of magnesium in young men. Increasing the 
amount of linoleic acid at constant fat intakes did not affect magnesium metabolism either 
(81). In addition, Rickets et al. (82) found no effect of kind and amount of dietary fat on 
magnesium balance in humans. 

Carbohydrates. Lactose is the carbohydrate most often studied in relation to magnesium 
absorption (Appendix table 2). Its influence in rats is clear. Lactose in the diet increases 
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apparent absorption and urinary excretion of magnesium. This is probably due to the fact that 
rats become lactase-deficient after weaning (97). Thus, rats are not capable to hydrolyse 
lactose in the intestine, resulting in microbial fermentation of lactose and lowered luminal 
pH. This in turn could increase the solubility of intestinal magnesium, leading to increased 
magnesium absorption (89). 

Based on the above mentioned it would be expected that lactose exerts no effect on 
apparent magnesium absorption in lactose-tolerant subjects. Indeed, in lactose-tolerant 
adults with constant magnesium intake, lactose did not influence apparent magnesium 
absorption (66). Studies with infants indicate that lactose increases apparent magnesium 
absorption (94-96), but in these studies magnesium intake was not reported or was higher in 
the infants fed lactose. A higher magnesium intake by itself raises apparent absolute 
magnesium absorption (65, 66) and thus any effect of lactose could not be determined. 

One study showed that a solution of glucose polymer increased magnesium absorption 
(98). However, glucose polymer was given together with magnesium and magnesium 
absorption was measured by triple-lumen perfusion in the jejunum which is not the main site 
of magnesium absorption. In any event, these data may not predict the effect of glucose 
polymer in a diet on magnesium absorption. 

Fructose versus glucose has been reported to increase magnesium absorption in a study 
with rats (85). This was also seen for fructose versus cornstarch in an experiment with 
humans (93). The metabolic basis for fructose-induced stimulation of magnesium absorption 
is unknown. 

Fiber. Various fiber sources (wheat bran, cellulose, lignin, pectin and guar gum) have been 
reported to bind magnesium in vitro (99). When insoluble fiber-magnesium complexes are 
formed in the intestine, magnesium absorption may be depressed. Appendix table 3 shows 
that in many rat and human experiments increased intake of cellulose or cellulose-rich 
preparations such as wheat bran produced enhanced fecal and urinary magnesium losses. 
However, absolute magnesium absorption was generally increased because higher fiber 
intakes were associated with higher magnesium intakes. Therefore, independent effects of 
fiber on magnesium absorption cannot be estimated. In a rat study in which magnesium 
intake was controlled, dietary cellulose had no effect on apparent absorption of magnesium 
(102). Results of the well-controlled studies in man indicate that dietary cellulose might lower 
magnesium absorption (8, 107, 110). In practical diets, high fiber intake usually is associated 
with high magnesium intake. Thus, no deleterious effects of high-fiber diets on magnesium 
balance would be expected. Indeed, Schwartz et al. (117) showed that feeding a bran-rich 
diet to humans for 4 wk did not affect magnesium balance. 

Few studies have assessed the effect of pectin on magnesium absorption. In rats, 
galacturonic acid, which is the basic building block of pectin, significantly raised apparent 
absorption and urinary excretion of magnesium (102). However, pectin lowered magnesium 
absorption (102) and magnesium retention (103) in rats, whereas no effect was seen in a 
study with humans (107). 
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Oxalic acid. Oxalic acid might bind magnesium ions which could result in decreased 
magnesium absorption (118). Ingestion of spinach, which is high in oxalic acid, raised fecal 
magnesium excretion, but this may have been due to an increased magnesium intake (119). 
Absolute apparent magnesium absorption and urinary magnesium excretion were not 
significantly influenced by oxalic acid. 

Phytate. At neutral pH, phytate can form with magnesium an insoluble complex, which may 
be a calcium-magnesium-phytate (120) or protein-magnesium-phytate complex (121). 
Formation of these insoluble complexes in the intestine might decrease magnesium 
absorption. However, the participation of magnesium in the formation of insoluble mineral-
phytate complexes depends on several factors. First, a high calcium: magnesium ratio favors 
the in vitro formation of a calcium-phytate complex without co-precipitation of magnesium. 
Second, titration curves for calcium and magnesium have indicated that the stability of the 
magnesium-phytate complex is lower than that of a calcium-phytate complex. In keeping with 
this, it can be questioned whether the high calcium:magnesium ratio in rat diets allows the 
formation of an insoluble calcium-magnesium-phytate complex in the intestine. Brink et al. 
(68) found that phytate increased fecal excretion of endogenous magnesium in rats, whereas 
it exerted no effect on true magnesium absorption, which speaks against the formation of an 
insoluble magnesium-phytate complex in the intestine. It is not clear why phytate increased 
fecal excretion of endogenous magnesium. In any event, it has been shown in rats that 
dietary phytate causes a decreased magnesium solubility in the gut (122) and lowers apparent 
magnesium absorption (Appendix table 4) and urinary excretion of magnesium (42). At 
normal and relatively high dietary magnesium concentrations, phytate feeding does not affect 
magnesium retention and magnesium concentrations in plasma, tibia, femur, carcass, liver 
and kidney (42, 101, 123). However, at marginal dietary magnesium concentrations, phytate 
decreases body weight gain (125) and magnesium concentrations in femur (42). 

Various studies with humans dealing with the effect of phytate on magnesium 
absorption are difficult to interpret because high-phytate diets were fortified with fiber-rich 
foodstuffs, so that magnesium intake was usually elevated (64, 127-129). However, studies 
with controlled magnesium intake using dephytinized products or supplemental phytate 
demonstrate that phytate decreases apparent absorption and urinary excretion of magnesium 
with no effect on magnesium retention (65, 126, 128). 

Thus, phytate in the diet can decrease apparent absorption of magnesium. However, 
with natural diets, high intakes of phytate are generally accompanied with high intakes of 
magnesium, ensuring sufficient magnesium for absorption. 

Ethanol. A single dose of ethanol produces increased urinary excretion of magnesium by 
human subjects (130, 131). This effect may explain the magnesium depletion observed in 
many alcoholic patients (132). Data concerning ethanol effects on intestinal magnesium 
absorption, if any, are not available. 
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Magnesium. Increased magnesium intakes cause increased rates of absolute magnesium 
absorption, resulting in enhanced urinary magnesium excretion (39, 42, 45, 46, 60, 65, 104, 
133-136). Extra intake of magnesium could raise magnesium retention which may be 
reflected by higher magnesium concentrations in plasma, bone and muscle. Whether this 
happens depends on magnesium status, age, habitual magnesium intake and the magnitude 
of the increase in magnesium absorption. 

The source of dietary magnesium may determine magnesium absorption by influencing 
the solubility of magnesium in the intestine. In in vitro incubations, magnesium citrate is 
more soluble than magnesium oxide (137). In rats, magnesium given either as a chloride, 
oxide or carbonate salt resulted in higher apparent magnesium absorption than magnesium 
given in the form of either a sulphate, phosphate or silicate salt (138, 139). However, the 
differences were small and may not have physiological significance. Böhmer et al. (136) 
showed in adult females that magnesium supplemented as either magnesium citrate, lactate, 
hydroxide or chloride did not exert differential effects on urinary magnesium excretion. 

Calcium. The effect of dietary calcium on intestinal absorption of magnesium has been 
subject of much controversy. Studies in rats have clearly demonstrated that apparent 
absorption of magnesium is decreased by high calcium intake (Appendix table 5). This has 
often been explained by competition between magnesium and calcium for a common carrier 
system in the ileum (19, 140, 165). However, Karbach and Rummel (24) could not confirm 
this. Human studies on magnesium absorption as influenced by dietary calcium have yielded 
contradictory results (Appendix table 5). Although some studies show decreased apparent 
magnesium absorption at high calcium intakes, most well-controlled studies indicate that high 
calcium intake does not affect intestinal magnesium absorption. 

Recently, an explanation has been offered for the controversy between the outcome of 
the rat studies and many human experiments. In rats, Brink et al. (143) showed that the 
inhibitory effect of dietary calcium on apparent magnesium absorption depends on the 
phosphate: magnesium ratio of the diet. This ratio determines whether or not an insoluble 
magnesium-calcium-phosphate complex is formed in the intestine. The relatively low 
phosphate: magnesium ratio and the relatively low calcium concentration in human diets, as 
compared with rat diets, might result in negligible formation of insoluble complexes in the 
human intestine after the intake of extra calcium. This would explain why addition of calcium 
to human diets does not affect apparent magnesium absorption whereas addition of calcium 
to rat diets inhibits it. This explanation is confirmed by the study of Giles et al. (133), who 
found in infants that high-calcium diets, with a high phosphate: magnesium ratio comparable 
to that in rat diets caused a decreased apparent magnesium absorption. 

Phosphate. The influence of dietary phosphate on magnesium absorption is not fully settled. 
Generally, increased phosphate concentrations in the diet have been reported to lower 
apparent magnesium absorption in rats and humans, but lack of effect has also been reported 
(Appendix table 5). The phosphate-induced decrease of magnesium absorption might be 
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caused by the formation of an insoluble magnesium-phosphate complex in the intestine (10). 
However, Brink et al. (143) recently presented evidence that the intestinal formation of an 
insoluble magnesium-calcium-phosphate complex is responsible for the decrease in apparent 
magnesium absorption. Because the formation of this complex depends on the dietary 
phosphate: magnesium ratio, controversy of literature data may relate to differences in this 
ratio. 

Potassium. Studies in rats indicate that dietary potassium does not influence magnesium 
absorption (Appendix table 6). Infusion of a solution containing 0, 20 or 40 mmol/L 
potassium into a ligated loop of rat colon depressed magnesium uptake by the loop (170). In 
a study with humans it was demonstrated that potassium supplementation during a 40-day 
period of total fasting caused an increase in fecal magnesium loss (53). However, this effect 
may be independent of magnesium absorption. 

Sodium. In vitro studies using rat gut sacs (171) or rat ileum (19) suggest that sodium ions 
may optimize magnesium transport. However, balance studies in rats could not demonstrate 
any systematic effect of sodium on intestinal, apparent magnesium absorption (Appendix table 
6). Increasing dietary sodium with either chloride, sulphate or bisulphate as anion raised 
urinary magnesium excretion which was not consistently associated with an increase in 
apparent magnesium absorption (71). Urinary anion excretion was found to be responsible 
for the increase in urinary magnesium excretion (71). 

Vitamin D. The vitamin most studied in relation to magnesium absorption is vitamin D, but 
its role remains uncertain (10). Several studies in man suggest that l,25(OH)2D3 or vitamin 
D3 have little or no effect on apparent absorption of magnesium (172-174), whereas others 
showed that pharmacological doses of vitamin D3 may increase apparent magnesium 
absorption (175-177). Rat experiments demonstrate that large doses of vitamin D3 can 
increase apparent magnesium absorption (38, 39, 178, 179), whereas a realistic dose had no 
effect (180). Magnesium absorption by the colon of vitamin D-repleted rats may be normal 
(23). Hardwick et al. (10) put forward that a significant portion of magnesium absorption 
must be vitamin D-independent because it persists under conditions of vitamin D-deficiency. 
However, repletion of vitamin D is associated with increments in magnesium absorption (38). 

Pyridoxine. Eisinger and Dagorn (134) showed that extremely high doses of pyridoxine lower 
apparent magnesium absorption in humans. However, at normal intakes of pyridoxine an 
effect on magnesium absorption was not seen. 

Zinc. Forbes et al. (87) reported that dietary zinc does not affect apparent absorption, 
urinary excretion and retention of magnesium in rats. Likewise, supplemental zinc had no 
significant effect on apparent magnesium absorption in adolescent females (181). 
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Un. In adult men, daily consumption of 50 versus 0.1 mg tin did not affect apparent 
absorption, urinary excretion and retention of magnesium (182). 

Aluminum. In vitro studies suggest that aluminum forms an insoluble complex with 
magnesium (183). However, in a balance study with adult males, ingestion of 125 mg 
aluminum per day had no significant effect on apparent magnesium absorption and retention 
(184). 

Caffeine. Yeh et al. (185) found in rats that subcutanous injection of caffeine raised apparent 
magnesium absorption and urinary magnesium excretion. The effect of dietary caffeine on 
magnesium absorption is not known. 

Summary 

This paper reviews the evidence that certain dietary components can affect intestinal 
absorption of magnesium. Increased intakes of protein and fructose improve apparent 
magnesium absorption in humans, whereas a lowering effect occurs with consumption of 
cellulose and phytate. Although dietary concentrations of lactose, fat, calcium and phosphate 
have clear effects on magnesium absorption in experiments with rats, the impact of these 
nutrients on magnesium absorption in humans remains unsettled. Mechanisms underlying the 
effects of dietary components on magnesium absorption in humans are generally poorly 
understood. 

A change in magnesium absorption not necessarily results in a change in magnesium 
retention. When consuming practical diets, the fall of apparent magnesium absorption caused 
by phytate and cellulose is generally compensated by increased magnesium intake due to high 
magnesium concentrations in phytate- and cellulose-rich products. Furthermore, to maintain 
homeostasis, urinary magnesium excretion will be raised after stimulation of apparent 
magnesium absorption and it will be lowered after impairment of apparent magnesium 
absorption. Thus, the effects of dietary components on magnesium absorption probably are 
critically important only at low intakes of magnesium. At low magnesium intakes, differences 
in magnesium absorption may be expected to influence magnesium retention and thus can 
either induce or abolish magnesium deficiency. 

References 

1. Ryan, M.F. (1991) The role of magnesium in clinical biochemistry: an overview. Ann. Clin. Biochem. 
28: 19-26. 
Shills, M.E. (1988) Magnesium in health and disease. Ann. Rev. Nutr. 8: 429-460. 

3. Altura, B.M. & Altura, B.T. (1990) Role of magnesium in the pathogenesis of hypertension. In: 
Hypertension: pathophysiology, diagnosis and managment. Laragh, J.H. & Brenner, B.M., eds. Raven 
Press, New York, pp 1003-1025. 

4. Driessens, F.C.M., Steidl, L. & Ditmar, R. (1990) Magnesium, calcium and zinc status in different 
forms of osteoporosis. Magnesium Bull. 12: 158-160. 

17 

2 



5. Seelig, M.S. (1979) Magnesium (and trace substance) deficiencies in the pathogenesis of cancer. Biol. 
Trace Elem. Res. 1: 273-297. 

6. Hazell, T. (1985) Minerals in foods: Dietary sources, chemical forms, interactions, bioavailability. Wld. 
Rev. Nutr. Diet. 46: 1-123. 

7. Seelig, M.S. (1964) The requirements of magnesium by the normal adult. Am. J. Clin. Nutr. 14: 
342-390. 

8. Kelsay, J.L., Behall, K.M. & Prather, E.S. (1979) Effects of fiber from fruits and vegetables on 
metabolic responses of human subjects. II. Calcium, magnesium, iron and silicon balances. Am. J. Clin. 
Nutr. 32: 1876-1880. 

9. Committee on Dietary Allowances (1980) Recommended dietary allowances. Magnesium. Ninth revised 
edition. National Academy of Sciences, Washington DC, pp 134-136. 

10. Hardwick, L.L., Jones, M.R., Brautbar, N. & Lee, D.B.N. (1991) Magnesium absorption: Mechanisms 
and the influence of vitamin D, calcium and phosphate. J. Nutr. 121: 13-23. 

11. Aikawa, J.K., Gordon, G.S. & Rhodes, E.L. (1960) Magnesium metabolism in human beings: studies 
with MMg. J. Appl. Physiol. 15: 503-507. 

12. Danielson, B.G., Johansson, S., Jung, B., Ljunghall, S., Lundqvist, H. & Malmborg, P. (1979) 
Gastrointestinal magnesium absorption: kinetic studies with s Mg and a simple method for determination 
of fractional absorption. Min. Electrolyte Metab. 2: 116-123. 

13. Graham, L.A., Ceasar, J.J. & Burgen, A.S. (1960) Gastrointestinal absorption and excretion of a Mg in 
man. Metab. Clin. Exp. 9: 646-659. 

14. Aldor, T.A.M. & Moore, E.W. (1970) Magnesium absorption by everted sacs of rat intestine and colon. 
Gastroenterology 59: 745-753. 

15. Behar, J. (1974) Magnesium absorption by the rat ileum and colon. Am. J. Physiol. 227: 334-340. 
16. Chutkow, J.G. (1964) Sites of magnesium absorption and excretion in the intestinal tract of the rat. J. 

Lab. Clin. Med. 63: 71-79. 
17. Hendrix, J.Z., Alcock, N.W. & Archibald, R.M. (1963) Competition between calcium, strontium and 

magnesium for absorption in the isolated rat intestine. Clin. Chem. 9: 734-744. 
18. Ross, D.B. (1962) In vitro studies on the transport of magnesium across the intestinal wall of the rat. J. 

Physiol. 160: 417-428. 
19. Behar, J. (1975) Effect of calcium on magnesium absorption. Am. J. Physiol. 229: 1590-1595. 
20. Marshall, D.H., Nordin, B.E.C. & Speed, R. (1976) Calcium, phosphorus and magnesium requirement. 

Proc. Nutr. Soc. 35: 163-173. 
21. Walser, M. (1967) Magnesium metabolism. Ergeb. Physiol. 59: 185-296. 
22. Brannan, P.G., Vergne-Marini, P., Pak, C.Y.C., Hull, A.R. & Fordtran, J.S. (1976) Magnesium 

absorption in the human small intestine. Results in normal subjects, patients with chronic renal disease, 
and patients with absorptive hypercalciuria. J. Clin. Invest. 57: 1412-1418. 

23. Karbach, U. (1989) Cellular-mediated and diffusive magnesium transport across the colon descendens of 
the rat. Gastroenterology 96: 1282-1289. 

24. Karbach, U. & Rummel, W. (1990) Cellular and paracellular magnesium transport across the terminal 
ileum of the rat and its interaction with the calcium transport. Gastroenterology 98: 985-992. 

25. Roth, P. & Werner, E. (1979) Intestinal magnesium absorption in man. Int. J. Appl. Radial. Isotopes 30: 
523-526. 

26. Wilkinson, R. (1976) Absorption of calcium, phosphorus and magnesium. In: Calcium, phosphate and 
magnesium metabolism. (Nordin, B.E.C, ed.), Churchill Livingstone, Edinburgh, pp 35-112. 

27. Spencer, H., Lesniak, M., Gatza, CA. , Osis, D. & Lender, M. (1980) Magnesium absorption and 
metabolism in patients with chronic renal failure and in patients with normal renal function. 
Gastroenterology 79: 26-34. 

28. Brunette, M., Wen, S.F., Evanson, R.L. & Dirks, J.H. (1969) Micropuncture study of magnesium 
reabsorption in the proximal tubule of the dog. Am. J. Physiol. 216: 1510-1516. 

29. Dibona, G.F. & Sawin, L.L. (1982) Effect on renal arterial magnesium infusion on renal function in the 
dog. Magnesium 1: 104-109. 

30. Quamme, G.A. (1986) Renal handling of magnesium: drug and hormone interactions. Magnesium 5: 
248-272. 

31. Heaton, F.W. (1969) The kidney and magnesium homeostasis. Ann. NY Acad. Sei. 162: 775-785. 
32. Anast, CS . & Gardner, D.W. (1981) Magnesium metabolism. In: Disorders of mineral metabolism, Vol 

III. Bronner, F. & Coburn, J.W., eds. Academic Press, New York, pp 423-506. 

18 



33. Maclntyre, I., Matthews, E.W. & Robinson, C.J. (1966) Parathyroid hormone and magnesium 
absorption. J. Physiol. 184: 83P-84P. 

34. Care, A.D. & Keynes, W.M. (1964) The role of parathyroid hormones in the absorption of calcium and 
magnesium from the small intestine. Proc. Royal Soc. Med. 57: 867-868. 

35. Hanna, S., Harrison, M.T., Maclntyre, I. & Fraser, R. (1961) Effect of growth hormone on calcium and 
magnesium metabolism. Br. Med. J. 2: 12-15. 

36. Hanna, S. & Maclntyre, I. (1960) Influence of aldosterone on magnesium metabolism. Lancet 2: 348-350. 
37. Mader, I.J. & Isberi, L.T. (1955) Spontaneous hypomagnesaemia, alkalosis and tetany during 

hypersecretion of cortison-like mineralocorticoid. Am. J. Med. 19: 976-988. 
38. Hanna, S. (1961) Influence of large doses of vitamin D on magnesium metabolism in rats. Metabolism 

10: 734-743. 
39. Levine, B.S., Brautbar, N., Walling, M.W., Lee, D.B.N. & Cobum, J.W. (1980) Effects of vitamin D 

and diet magnesium on magnesium metabolism. Am. J. Physiol. 239: E515-E523. 
40. Norman, D.A., Fordtran, J.S., Brinkley, L.J., Nicar, M.J., Strowig, S.M. & Pak, C.Y.C. (1981) 

Jejunal and ileal adaptations to alterations in dietary calcium. J. Clin. Invest. 67: 1599-1603. 
41. Azami, S., Hiratzuka, S., Kitano, T. &Esashi, T. (1989) Effects of dietary casein and soy protein isolate 

on calcium, phosphorus and magnesium balance in female rats. Jpn. J. Nutr. 47: 103-112. 
42. Brink, E.J., Dekker, P.R., van Beresteijn, E.C.H. & Beynen, A.C. (1991a) Inhibitory effect of soybean 

protein vs. casein on magnesium absorption in rats. J. Nutr. 121: 1374-1381. 
43. Forbes, R.M. (1964) Mineral utilization in the rat. III. Effects of calcium, phosphorus, lactose and source 

of protein in zinc-deficient and in zinc-adequate diets. J. Nutr. 83: 225-233. 
44. Forbes, R.M., Weingarter, K.E., Parker, H.M., Bell, R.R. & Erdman, J.W. (1979) Bioavailability to 

rats of zinc, magnesium and calcium in casein-, egg- and soy protein-containing diets. J. Nutr. 109: 
1652-1660. 

45. Kubena, K.S., Landmann, W.A., Young, CR. & Carpenter, Z.L. (1985) Influence of magnesium 
deficiency and soy protein on magnesium and zinc status in rats. Nutr. Res. 5: 317-328. 

46. Lo, G.S., Steinke, F.H. & Hopkins, D.T. (1980) Effect of isolated soybean protein on magnesium 
bioavailability. J. Nutr. 110: 829-836. 

47. Schwartz, R., Wang, F.L. & Woodcock, N.A. (1969) Effect of varying dietary protein-magnesium ratios 
on nitrogen utilization and magnesium retention in growing rats. J. Nutr. 97: 185-193. 

48. Shahkhalili, Y. & Mettraux, C. (1991) Relative importance of carbohydrate and protein sources in the 
differential effects of soy-based vs casein-based formulas on bone minerals in rats. Am. J. Clin. Nutr. 53: 
947-953. 

49. Sterck, J.G.H., Ritskes-HoitingaJ. & Beynen, A.C. (1992) Inhibitory effect of high protein intake on 
nephrocalcinogenesis in female rats. Br. J. Nutr. : in press. 

50. Toothill, J. (1963) The effect of certain dietary factors on the apparent absorption of magnesium by the 
rat. Br. J. Nutr. 17: 125-134. 

51. Van Camp, I., Ritskes-Hoitinga, J., Lemmens, A.G. & Beynen, A.C. (1990) Diet-induced 
nephrocalcinosis and urinary excretion of albumin in female rats. Lab. Anim. 24: 137-141. 

52. Alcantara, E.N. & Linkswiler, H. (1969) Effect of protein and of magnesium intake on magnesium 
balance of older adolescent males. Fed. Proc. 28: 562. 

53. Fisier, J.S. & Drenick, E.J. (1984) Calcium, magnesium and phosphate balances during very-low calorie 
diets of soy or collagen protein in obese men: comparison to total fasting, Am. J. Clin. Nutr. 40: 14-25. 

54. Hunt, S.M. & Schofield, F.A. (1969) Magnesium balance and protein intake level in adult human 
females. Am. J. Clin. Nutr. 22: 367-373. 

55. Kitano, T., Esashi, T. & Azami, S. (1988) Effect of protein intake on mineral (calcium, magnesium and 
phosphorus) balance in Japanese males. J. Nutr. Sei. Vitaminol. 34: 387-398. 

56. Lakshaman, F.L., Rao, R.B., Kim, W.W. & Kelsay, J.L. (1984) Magnesium intakes, balances and blood 
levels of adults, consuming self-selected diets. Am. J. Clin. Nutr. 40: 1380-1389. 

57. Mahalko, J.R., Sandstead, H.H., Johnson, L.K. & Milne, D.B. (1983) Effect of a moderate increase in 
dietary protein on the retention and excretion of Ca, Cu, Fe, Mg, P, and Zn by adult males. Am. J. Clin. 
Nutr. 37: 8-14. 

58. McCance, R. A., Widdowson, E.M. & Lehmann, H. (1942) The effect of protein intake on the absorption 
of calcium and magnesium. Biochem. J. 36: 686-691. 

59. Sandström, B., Andersson, H., Kivisto, B. & Sandberg, A-S. (1986) Apparent small intestinal absorption 
of nitrogen and minerals from soy and meat-protein-based diets. A study on human ileostomy patients. 
J. Nutr. 116: 2209-2218. 

19 



60. Schwartz, R., Walker, G., Linz, M. & MacKellar, I. (1973) Metabolic responses of adolescent boys to 
two levels of dietary magnesium and protein. I. Magnesium and nitrogen retention. Am. J. Clin. Nutr. 
26: 510-518. 

61. Shier, N. (1984) The relationship of dietary protein, protein type, and magnesium to urinary magnesium 
excretion in the human. Nutr. Rep. Int. 29: 1301-1306. 

62. Stephenson, M.G., Butler, L.C. & Adams, Y.L. (1970) Effect of protein source on magnesium balance 
of young women. Fed. Proc. 29: 696. 

63. Van Dokkum, W., Wesstra, A., Luyken, R. & Hermus, R.J.J. (1986) The effect of a high-animal and 
a high-vegetable protein diet on mineral balance and bowel function of young men. Br. J. Nutr. 56: 
341-348. 

64. Wisker, E., Nagel, R., Tanudjaja, T. & Feldheim, W. (1991) Calcium, magnesium, zinc and iron 
balances in young women: effects of a low-phytate barley-fiber concentrate. Am. J. Clin. Nutr. 54: 
553-559. 

65. Morris, E.R., Ellis, R., Steele, P. & Moser, P.B. (1988) Mineral balance of adult men consuming whole 
or dephytinized wheat bran. Nutr. Res. 8: 445-458. 

66. Brink, E.J., van Beresteijn, E.C.H., Dekker, P.R. & Beynen, A.C. (1991b) Lactose intake does not 
affect the apparent absorption of magnesium and calcium in healthy adults. Internal report. 

67. Reddy, N.R., Sathe, S.K. & Salunkhe, P.K. (1982) Phytates in legumes and cereals. Adv. Food Res. 28: 
1-92. 

68. Brink, E.J., van den Berg, G.J., van der Meer, R., Dekker, P.R., Wolterbeek, H.Th. & Beynen, A.C. 
(1991c) Inhibitory effect of soybean protein versus casein on apparent magnesium absorption in rats due 
to increased fecal excretion of endogenous magnesium. Internal report. 

69. Whiting,S.J. &Draper, H.H. (1981) Effect of a chronic load as sulphate of sulphur amino acids on bone 
metabolism in adult rats. J. Nutr. I l l : 1721-1726. 

70. Zemel, M.B., Schuette, S.A., Hegsted, M. & Linkswiler, H.M. (1981) Role of sulphur-containing amino 
acids in protein-induced hypercalciuria in men. J. Nutr. I l l : 545-552. 

71. Greger, J.L., Kaup, S.M. & Behling, A.R. (1991) Calcium, magnesium and phosphorus utilization by 
rats fed sodium and potassium salts of various inorganic anions. J. Nutr. 121: 1382-1388. 

72. Kaup, S.M. & Greger, J.L. (1990) Effect of various chloride salts on the utilization of phosphorus, 
calcium, and magnesium. J. Nutr. Biochem. 1: 542-548. 

73. Levin, M. & Winaver, J. (1989) Effects of systemic alkalosis on urinary magnesium excretion in the rat. 
Min. Electrolyte Metab. 15: 214-220. 

74. McDougal, W.C. & Koch, M. (1989) Effect of sulphate on calcium and magnesium homeostasis 
following urinary diversion. Kidney Int. 35: 105-115. 

75. Aliaga, I.L., Barrionuevo, M., Campos, M.S., Coves, F. & Lisbona, F. (1991) Influence of intestinal 
resection and type of diet on digestive utilization and metabolism of magnesium in rats. Int. J. Vit. Nutr. 
Res. 61: 61-66. 

76. Booth, C.C., Babouris, M.B., Hanna, S. & Maclntyre I. (1963) Incidence of hypomagnesaemia in 
intestinal malabsorption. Br. Med. J. 2: 141-143. 

77. Hanna, S., Harrison, M.T., Maclntyre, I. & Fraser, R. (1960) The syndrome of magnesium deficiency 
in man. Lancet ii: 172-175. 

78. Behling, A.R., Kaup, S.M. & Greger, J.L. (1990) Changes in intestinal function of rats initiated with 
DMH and fed varying levels of butterfat, calcium and magnesium. Nutr. Cancer 13: 189-199. 

79. Kaup, S.M., Behling, A.R., Choquette, L. & Greger, J.L. (1990) Calcium and magnesium utilization 
in rats: effect of dietary butterfat and calcium and of age. J. Nutr. 120: 266-273. 

80. Tadayyon, B. & Ludwak, L. (1969) Interrelationship of triglycerides with calcium, magnesium and 
phosphorus in the rat. J. Nutr. 97: 246-254. 

81. Van Dokkum, W., Cloughley, F.A., Hulshof, K.F.A.M. & Oosterveen, L.A.M. (1983) Effect of 
variations in fat and linoleic acid intake on the calcium, magnesium and iron balance of young men. Ann. 
Nutr. Metab. 27: 361-369. 

82. Rickets, C , Kies, C , Garcia, P. & Fox, H.M. (1985) Manganese and magnesium utilization of humans 
as affected by level and kind of dietary fat. Fed. Proc. 44: 1850. 

83. Andrieux, C. & Sacquet, E. (1983) Effect of microflora and lactose on the absorption of calcium, 
phosphorus and magnesium in the hindgut of the rat. Reprod. Nutr. Develop. 23: 259-271. 

84. Behling, A.R. & Greger, J.L. (1990) Importance of lactose in yogurt for mineral utilization. J. Agric. 
Food Chem. 38: 200-204. 

20 



85. Bergstra, A.E., Lemmens, A.G. & Beynen, A.C. (1991) Stimulatory effect of dietary fructose versus 
glucose on nephrocalcinogenesis in female rats. Internal report. 

86. Brink, E.J., Dekker, P.R., van Beresteijn, E.C.H. &Beynen, A.C. (1992a) Bioavailability of magnesium 
and calcium from cow's milk and soybean beverage in rats. Br. J. Nutr. : in press. 

87. Forbes, R.M. (1961) Excretory patterns and bone deposition of zinc, calcium and magnesium in the rat 
as influenced by zinc deficiency, EDTA and lactose. J. Nutr. 74: 194-200. 

88. Greger, J.L., Gutkowski, CM. , Khazen, R.R. (1989) Interactions of lactose with calcium, magnesium 
and zinc in rats. J. Nutr. 119: 1691-1697. 

89. Heijnen, A.M.P., Brink, E.J., Lemmens, A.G. & Beynen, A.C. (1991) Solubility of calcium, magnesium 
and phosphorus in ileal chyme of rats fed diets containing either lactose or lactulose: Impact on mineral 
absorption and nephrocalcinogenesis. Internal report. 

90. Koh, E.T., Reiser, S., Fields, M. (1989) Dietary fructose as compared to glucose and starch increases 
the calcium content of kidney of magnesium-deficient rats. 7. Nutr. 119: 1173-1178. 

91. Schaafsma, G., Dekker, P.R. & de Waard, H. (1988) Nutritional aspects of yogurt. 2. Bioavailability 
of essential minerals and trace elements. Neth. Milk Dairy J. 42: 135-146. 

92. Debognie, J.C., Newcomer, A.D., McGill, D.B. & Phillips, S.F. (1979) Absorption of nutrients in 
lactase-deficiency. Dig. Dis. Sei. 24: 225-231. 

93. Holbrook, J.T., Smith, J.C. & Reiser, S. (1989) Dietary fructose or starch: effects on copper, zinc, iron, 
manganese, calcium and magnesium balance in humans. Am. J. Clin. Nutr. 49: 1290-1294. 

94. Kobayashi, A., Kawai, S., Ohbe, Y. & Nagashima, Y. (1975) Effects of dietary lactose and a lactase 
preparation on the intestinal absorption of calcium and magnesium in normal infants. Am. J. Clin. Nutr. 
28: 681-683. 

95. Wirth, F.H., Numerof, B., Pleban, P. & Neylan, M.J. (1990) Effect of lactose on mineral absorption 
in preterm infants. J. Pediatr. 117: 283-287. 

96. Ziegler, E.E. & Fomon, S.J. (1983) Lactose enhances mineral absorption in infancy. J. Pediatr. Gastr. 
Nutr. 2: 288-294. 

97. De Groot, A.P. & Hoogendoorn, P. (1957) The detrimental effect of lactose. II. Quantitative lactase 
determinations in various mammals. Neth. Milk Dairy J. 11: 290-303. 

98. Bei, L., Wood, R.J. & Rosenberg, I.H. (1986) Glucose polymer increases jejunal calcium, magnesium 
and zinc absorption in humans. Am. J. Clin. Nutr. 44: 244-247. 

99. Camire, A.L. & Clydesdale, F.M. (1981) Effect of pH and heat treatment on the binding of calcium, 
magnesium, zinc, and iron to wheat bran and fractions of dietary fiber. J. Food Sei. 44: 548-551. 

100. Bagheri, S.M. & Gueguen, L. (1982) Bioavailability to rats of calcium, magnesium, phosphorus and zinc 
in wheat bran diets containing equal amounts of these minerals. Nutr. Rep. Int. 25: 583-589. 

101. Ballam, G.C., Nelson, T.S. & Kirby, L.K. (1984) The effect of phytate and fibre source on phytate 
hydrolysis and mineral availability in rats. Nutr. Rep. Int. 30: 1089-1100. 

102. De Jong, H.J.A.M., Lemmens, A.G. & Beynen, A.C. (1991) Nephrocalcinogenesis in female rats fed 
diets containing either pectin or cellulose. Internal report. 

103. Mercurio, K.C. & Behm, P.A. (1981) Effects of fiber type and level on mineral excretion, transit time 
and intestinal histology. J. Food Sei. 46: 1462-1463. 

104. Shah, B.G., Malcolm, S., Belonje, B., Trick, K.D., Brassard, R. & Monmgeau, R. (1990) Effect of 
dietary cereal brans on the metabolism of calcium, phosphorus and magnesium in a long term rat study. 
Nutr. Res. 10: 1015-1028. 

105. Anderson, H., Navert, B., Bingham, S.A., Englyst, H.N. & Cummings, J.H. (1983) The effect of breads 
containing similar amounts of phytate but different amounts of wheat bran on calcium, zinc and iron 
balances. Br. J. Nutr. 50: 503-510. 

106. Behall, K.M., Scholfield, D.J., Lee, K., Powell, A.S. & Moser, P.B. (1987) Mineral balance in adult 
men: effect of four refined fibers. Am. J. Clin. Nutr. 46: 307-314. 

107. Drews, L.M., Kies, C. & Fox, H.M. (1979) Effect of dietary fiber on copper, zinc and magnesium 
utilization by boys. Am. J. Clin. Nutr. 32: 1893-1897. 

108. Hallfrisch, J., Powell, A., Carafelli, C , Reiser, S. & Prather, E.S. (1987) Mineral balances of men and 
women consuming high fiber diets with complex or simple carbohydrates. J. Nutr. 117: 48-55. 

109. Ismail-Beigi.F., Reinhold, J.G., Faraji, B. & Abadi, P. (1977) Effects of cellulose added to diets of low 
and high fiber content upon the metabolism of calcium, magnesium, zinc and phosphorus by man. J. 
Nutr. 107: 510-518. 

110. McHale, M., Kies, C. & Fox, H.M. (1979) Calcium and magnesium nutritional status of adolescent 
humans fed cellulose or hemicellulose supplements. J. Food Sei. 44: 1412-1417. 

21 



111. Reinhold, J.G., Abadi, P., Faradji, B., Ismail-Beigi, F. & Russell, R.M. (1980) Depletion of calcium, 
magnesium, zinc and phosphorus associated with consumption by humans of wholemeal wheaten bread 
rich in fiber and phytate. Baroda J. Nutr. 7: 55-62. 

112. Reinhold, J.G., Faradji, B., Abadi, P. & Ismail-Beigi, F. (1991) Decreased absorption of calcium, 
magnesium, zinc and phosphorus by humans due to increased fiber and phosphorus consumption as wheat 
bread. Nutr. Rev. 49: 204-206. 

113. Schweitzer, T.F., Bekhechi, A.R., Koellreutter, B., Reimann, S., Pometta, D. & Bronn, B.A. (1983) 
Metabolic effect of dietary fiber from dehulled soybeans in humans. Am. J. Clin. Nutr. 38: 1-11. 

114. Slavin, J.L. & Marlett, J.A. (1980) Influence of refined cellulose on human bowel function and calcium 
and magnesium balance, Am. J. Clin. Nutr. 33: 1932-1939. 

115. Taper, L.J., Milam, R.S., McCallister, M.S., Bowen, P.E. & Thye, F.W. (1988) Mineral retention in 
young men consuming soy-fiber-augmented liquid-formula diets. Am. J. Clin. Nutr. 48: 305-311. 

116. Van Dokkum, W., Wesstra, A. & Schippers, F.A. (1982) The effect of dietary fibre from bread on the 
mineral balance of young men. Br. J. Nutr. 47: 451-460. 

117. Schwartz, R., Apgar, B.J. & Wien, E.M. (1986) Apparent absorption and retention of Ca, Cu, Mg, Mn, 
and Zn from a diet containing bran. Am. J. Clin. Nutr. 43: 444-455. 

118. Kelsay, J.L. (1987) Effects of fiber, phytic acid, and oxalic acid in the diet on mineral availability. Am. 
J. Gastroenterology 82: 983-986. 

119. Kelsay, J.L. & Prather, E.S. (1983) Mineral balances of humans subjects consuming spinach in a low-
fiber diet and in a diet containing fruits and vegetables. Am. J. Clin. Nutr. 38: 12-19. 

120. Cheryan, M., Anderson, F.W. &Grynspan, F. (1983) Magnesium-phytate complexes: Effect of pH and 
molar ratio on solubility characteristics. Cereal Chem. 69: 235-237. 

121. Champagne, E.T. (1988) Effect of pH on mineral-phytate, protein-mineral-phytate, and mineral-fiber 
interactions. Possible consequences of atrophic gastritis on mineral bioavailability from high-fiber foods. 
J. Am. Coll. Nutr. 7: 499-508. 

122. Shinoda, S. & Yoshida, T. (1989) Influence of sodium phytate and gut microflora on the solubility of Ca, 
Mg and Zn in the rat digestive tract. Nutr. Rep. Int. 40: 909-922. 

123. Churella, H.R. & Vivian, V.M. (1989) Effect of phytic acid level in soy protein based infant formulas 
on mineral availability in the rat. J. Agric. Food Chem. 37: 1352-1357. 

124. Miyazawa, E. & Yoshida, T. (1991) Effects of dietary levels of phytate and inorganic phosphate on 
phytate breakdown and absorption of calcium and magnesium in rats. Nutr. Res. 11: 797-806. 

125. Roberts, A.H. & Yudkin, J. (1960) Dietary phytate as a possible cause of magnesium deficiency. Nature 
185: 823-825. 

126. McCance, R.A. & Widdowson, E.M. (1942b) Mineral metabolism on dephytinized bread. J. Physiol. 
101: 304-313. 

127. Cullumbine, H., Basnayake, V., Lemottee, J. & Wickramanayake, T.W. (1950) Mineral metabolism on 
rice diets. Br. J. Nutr. 4: 101-111. 

128. McCance, R.A. & Widdowson, E.M. (1942a) Mineral metabolism of healthy adults on white and brown 
bread dietaries. J. Physiol. 101: 44-85. 

129. Sandberg, A-S., Hasselblad, C , Hasselblad, K. & Hülfen, L. (1982) The effect of wheat bran on the 
absorption of minerals in the small intestine. Br. J. Nutr. 48: 185-191. 

130. Kalbfleisch, J.M., Lindemann, R.D., Ginn, H.E. & Smith, W.O. (1963) Effects of ethanol administration 
on urinary excretion of magnesium and other electrolytes in alcoholic and normal subjects. J. Clin. Inv. 
42: 1471-1475. 

131. McCollister, R.J., Flink, E.B. & Lewis, M.D. (1963) Urinary excretion of magnesium in man following 
the ingestion of ethanol. Am. J. Clin. Nutr. 12: 415-420. 

132. Jones, J.E., Shane, S.R., Jacobs, W.H. & Flink, E.B. (1969) Magnesium balance studies in chronic 
alcoholism. Ann. NY. Acad. Sei. 162: 934-946. 

133. Giles, M.M., Laing, I.A., Elton, R.A., Robins, J.B., Sanderson, M. & Hume, R. (1990) Magnesium 
metabolism in preterm infants: Effect of calcium, magnesium, and phosphorus, and of postnatal 
gestational age. J. Pediatr. 117: 147-154. 

134. Eisinger, J. & Dagorn, J. (1986) Vitamin B6 and magnesium. Magnesium 5: 27-32. 
135. Fine, K.D., Santa Ana, C.A., Porter, J.L. & Fordtran, J.S. (1991) Intestinal absorption of magnesium 

from food and supplements. J. Clin. Inv. 88: 396-402. 
136. B0hmer, T., Roseth, A., Holm, A., Weberg-Tegen, S. & Wahl, L. (1990) Bioavailability of oral 

magnesium supplementation in female students evaluated from elimination of magnesium in 24-h urine. 
Magnesium Trace Elem. 9: 272-278. 

22 



137. Lindberg, J.S., Zobitz, M.M., Poindexter, J.R. & Pak, C.Y.C. (1990) Magnesium bioavailability from 
magnesium citrate and magnesium oxide. J. Am. Coll. Nutr. 9: 48-55. 

138. Cook, D.A. (1973) Availability of magnesium: Balance studies in rats with various inorganic magnesium 
sources. J. Nutr. 103: 1365-1370. 

139. Ranhotra, G.S., Loewe, R.J. & Puyat, L.V. (1975) Bioavailability of magnesium from wheat flour and 
various organic and inorganic salts. Cer. Chem. 53: 770-776. 

140. Alcock, N. & Maclntyre, I. (1962) Inter-relation of calcium and magnesium absorption. Clin. Sei. 22: 
185-193. 

141. Al-Jurf, A.S. & Chapman-Furr, F. (1985) Magnesium balance and distribution during total parenteral 
nutrition: Effect of calcium additives. Metabolism 34: 658-664. 

142. Behling, A.R. & Greger, J.L. (1988) Mineral metabolism of aging female rats fed various commercially 
available calcium supplements or yoghurt. Pharmaceut. Res. 5: 510-505. 

143. Brink, E.J., Beynen, A.C., Dekker, P.R., van Beresteijn, E.C.H. & van der Meer, R. (1992b) 
Interaction of calcium and phosphate decreases ileal magnesium solubility and apparent magnesium 
absorption in rats. J. Nutr. : in press. 

144. Bunce, G.E., Sauberlich, H.E., Reeves, P.G. & Oba, T.S. (1965) Dietary phosphorus and magnesium 
deficiency in the rat. J. Nutr. 86: 406-414. 

145. Ericsson, Y, Luoma, H. & Ekberg, O. (1986) Effects of calcium, fluoride and magnesium 
supplementations on tissue mineralization in calcium- and magnesium-deficient rats. J. Nutr. 116: 
1018-1027. 

146. Forbes, R.M. (1963) Mineral utilization in the rat. I. Effects of varying dietary ratios of calcium, 
magnesium and phosphorus. J. Nutr. 80: 321-326. 

147. Hardwick, L.L., Clemens, R.A. & Jones, M.R. (1987) Effect of calcium phosphate supplementation on 
calcium, phosphorus and magnesium metabolism in the Wistar rat. Nutr. Res. 7: 787-796. 

148. Hoek, A.C., Lemmens, A.G., Mullink, J.W.M.A. & Beynen, A.C. (1988) Influence of dietary 
calcium:phosphorus ratio on mineral excretion and nephrocalcinosis in female rats. J. Nutr. 118: 
1210-1216. 

149. Mars, Y.W.H.M., Lemmens, A.G. & Beynen, A.C. (1988) Dietary phosphorus and nephrocalcinosis 
in female rats. Nutr. Rep. Int. 38: 249-258. 

150. O'Dell, B.L., Morris, E.R. & Regan, W.O. (1960) Magnesium requirements of guinea pigs and rats: 
effect of calcium and phosphorus and symptoms of magnesium deficiency. J. Nutr. 70: 103-110. 

151. Parker, H.E. (1985) Magnesium and phosphorus interrelationships at deficient to normal dietary levels. 
Nutr. Rep. Int. 32: 983-990. 

152. Ritskes-Hoitinga, J., Lemmens, A.G., Danse, L.H.J.C. & Beynen, A.C. (1989) Phosphorus-induced 
nephrocalcinosis and kidney function in female rats. J. Nutr. 119: 1423-1431. 

153. Sawamura, T. & Goto, S. (1973) The effect of dietary Ca and P levels on magnesium balance. Jpn. J. 
Nutr. 31: 190-194. 

154. Schaafsma, G., Duursma, S.A., Visser, W.J. & Dekker, P.R. (1985) The influence of dietary calcium 
on kidney calcification and renal function in rats fed high-phosphate diets. Bone 6: 155-163. 

155. Wienk, K.J.H., Lemmens, A.G. & Beynen, A.C. (1989) Dietary potassium does not affect magnesium 
excretion in rats. Nutr. Rep. Int. 39: 415-420. 

156. Clarkson, E.M., Warren, R.L., McDonald, S.J. & de Wardener, H.E. (1967) The effect of a high intake 
of calcium on magnesium metabolism in normal subjects and patients with chronic renal failure. Clin. Sei. 
32: 11-18. 

157. Heaton, F.W., Hodgkinson, A. & Rose, G.A. (1964) Observation on the relationship between calcium 
and magnesium metabolism in man. Clin. Sei. 27: 31-40. 

158. Kim, Y. & Linkswiler, H. (1979) Effect of level of calcium and of phosphorus intake on calcium, 
phosphorus and magnesium metabolism in young adult males. Fed. Proc. 39: 895. 

159. Leichsenring, J.M., Norris, L.M. & Lamison S.A. (1951) Magnesium metabolism in college women: 
Observations on the effects of calcium and phosphorus intake levels. J. Nutr. 45: 477-485. 

160. Lewis, N.M., Marcus, M.S.K., Behling, A.R. & Greger, J.L. (1989) Calcium supplements and milk: 
effects on acid-base balance and on retention of calcium, magnesium, and phosphorus. Am. J. Clin. Nutr. 
49: 527-533. 

161. Moya, M. & Donemech, E. (1982) Role of calcium-phosphate ratio of milk formula on calcium balance 
in low birth weight infants during the first three days of life. Pediatr. Res. 16: 675-681. 

162. Spencer, H. (1980) Calcium and magnesium interactions in man. Clin. Chem. 25: 1043. 

23 



163. Storey, M.L., Greger, J.L., Kiratli, B.J. & Smith, E.L. (1988) Urinary calcium and magnesium 
excretion by women in response to short-term calcium supplementation. Nutr. Res. 8: 617-624. 

164. Van der Meer, R., Welberg, J.W.M., Kuipers, F., Kleibeuker, J.H., Mulder, N.H., Termont, 
D.S.M.L., Vonk, R.J., de Vries, H.T. & de Vries, E.G.E. (1990) Effects of supplemental calcium on 
the intestinal association of calcium, phosphate and bile acids. Gastroenterology 99: 1653-1659. 

165. Care, D. A. & van 't Klooster, A.Th. (1965) In vivo transport of magnesium and other cations across the 
wall of the gastrointestinal tract of the sheep. J. Physiol. 177: 174-191. 

166. Charlton, J. A. & Armstrong, D.G. (1989) The effect of varying the sodium or potassium intake, or both, 
on magnesium status in the rat. Br. J. Nutr. 62: 399-406. 

167. Greene, L.W., Bratton, G.R., Zmudzki, J., Schelling, G.T. & Byers, F.M. (1986) Effect of dietary 
potassium and sodium on magnesium balance in rats fed different concentrations of magnesium. Nutr. 
Rep. Int. 33: 235-240. 

168. Schricker, B.R. (1985) Effect of dietary potassium sources on apparent absorption and retention of 
potassium, magnesium and sodium. Nutr. Rep. Int. 31: 615-626. 

169. Shortt, C. & Flynn, A. (1991) Effect of dietary lactose on salt-mediated changes in mineral metabolism 
and bone composition in the rats. Br. J. Nutr. 66: 73-81. 

170. Scharrer, E. & Schneider, B. (1988) Inhibitory effect of potassium on magnesium absorption by the rat 
colon. Nutr. Rep. Int. 37: 197-202. 

171. Ross, D.B. (1961) Influence of sodium on the transport of magnesium across the intestinal wall of the 
rat in vitro. Nature 189: 840-841. 

172. Brickman, A.S., Hartenbower, D.L., Norman, A.W. & Coburn, J.W. (1975) Action of 1,25 (OH)j- and 
la(OH)vitamin D3 on magnesium metabolism in man. Clin. Res. 23: 315A. 

173. Coburn, J.W., Massry, S.G. & Kleeman, CR. (1970) The effect of calcium infusion on renal handling 
of magnesium with normal and reduced glomerular filtration rate. Nephron 7: 131-143. 

174. Hodgkinson, A., Marshall, D.H. & Nordin, B.E.C. (1979) Vitamin D and magnesium absorption in man. 
Clin. Sei. 57: 121-123. 

175. Anast, C.S. (1967) Magnesium studies in relation to vitamin D-resistant rickets. Pediatrics 40: 425-435. 
176. Eliel, L.P., Smith, W.O. & Thomson, C. (1960) Magnesium and calcium interrelationships. J. Okla. 

State Med. Assoc. 53: 359-367. 
177. McCance, R.A. (1947) Osteomalacia with Looser's notes (Milkman's syndrom) due to a raised resistance 

to vitamin D acquired about the age of 15 years. Q. J. Med. 16: 33-46. 
178. Jacob, M. & Forbes, R.M. (1970) The effect of vitamin D deficiency and the role of citrate in kidney 

calcification of magnesium deficient rats. J. Nutr. 100: 228-234. 
179. Meintzer, R.B. & Steenbock, H. (1955) Vitamin D and magnesium absorption. J. Nutr. 56: 285-294. 
180. Marsman, G., Pastoor, F.J.H., Mathott, J.N.J.J., Theuns, H.M. & Beynen, A.C. (1991) Vitamin D, 

within its range of fluctuation in commercial rat diets, does not influence nephrocalcinogenesis in female 
rats. Lab. Anim. 25: 330-336. 

181. Greger, J.L., Huffman, J., Abernathy, R.P., Bennett, O.A. & Resneck, S.E. (1979) Phosphorus and 
magnesium balance of adolescent females fed two levels of zinc. J. Food Sei. 44: 1765-1766. 

182. Johnson, M.A., Baier, M.J. & Greger, J.L. (1982) Effects of dietary tin on zinc, iron, copper, 
manganese and magnesium metabolism of adult males. Am. J. Clin. Nutr. 35: 1332-1338. 

183. Allen, V.G. & Robinson, D.L. (1980) Occurrence of Al and Mn in grass tetany cases and their effects 
on the solubility of Ca and Mg. Agron. J. 72: 957-960. 

184. Greger, J.L. & Baier, M.J. (1983) Effect of dietary aluminum on mineral metabolism of adult males. Am. 
J. Clin. Nutr. 38: 411-419. 

185. Yeh, J.K., Aloia, J.F., Semla, H.M. & Chen, S.Y. (1986) Influence of injected caffeine on the 
metabolism of calcium and the retention and excretion of sodium, potassium, phosphorus, magnesium, 
zinc and copper in rats. J. Nutr. 116: 273-280. 

24 



s. 

I 
•* 
§ 

w 
M 

S 
s a> 

ai 

"e 
o 

re > L* 
S 

Xi 

o 

t-H 

S 
S 
ce 

c<3 
& • 

13 
c 
<u 

S 
D 

a, X 

m 

" w 
a> 

X ! 
CC 

« > 
<D 

Q 

<u 
O 
a (U 

CD 

<*-4> 

« 

CA 

<U 

X 
<u 
C8 

a; 

e.o 

«S-
S s 
o-2 o * 

* - " 0 , 

•O 2 B 
« C rt 

•2 .2 
c S 

£S £ 

S g S 
*Ö * C "O 
CD b S 

« 3 2-
I-. <u ï 
«.S o 

O Ö c 

S.» " 
e g o 
TO" r> ' •£ 

Ä J 3 in 

2 « s S 
s cc o 3 

• a n > , c 

H 
g - 0 

S i 
•- o 
Vi q> <u o c o <u o 

S S 

S S« 
0t)T3 h 

s 

s'g 
Si ' •SSO. 

c j 0 sas 
•o o x-o -o g c 
g " ô s S "2.2 
' u _g- ö 'S — -^ c 
o o o O *- ö ü 
i? 3 ~ fc! rt O o> 

S F B j j i ^ t o S 

0 -S5 oJ= 2 S 

•o 

sa 

•O — 3 

c - e 

o o a 

9. F ^ 

• A Q U 

S 33 C S 

-'S s 
"O 9 

TO ^ 
s s 

&"^ is *- s*^' < 

^ S a> c S 

2 « ooi 
T3 J=> - a <Ä 

! « w 

cd « 

ES 
5 o> 
§«• 

S 

•G 

£ H SB 
= " a 

IS a 

cd 

e . 5 ji C K *-* 
,2 O O ^ w i 1 * 
5 c ü S c 5 J 
TO cti O 2 O , 

3 e d * j ï \ 2 O T f 

ge 
0« u 

•• •" s s 
S"3 « A S 
c c S Ë £ 
• 2 * g < 

3 5<*. O *** 
•O X i O >»U-î 

CL <-

X ) cd 

o c3 
vi CX 

s 
2 I 
S cd 

o 

- . S i 2 G 
. . ä td tu 

•ê s & a> s 
« G S O. 
3 * ; . H O h 

«a 
l _ tA 

.2 S 
S ° = 
a i ? S 

es rt 
a g 

° S > 
w O • — 

2 o « 

cd •* >> 
« K O 3 

_o eS 2 
c o .2 as t N * 0 

« o 
u d 
Vi 
>CÂ 
ç o 

'33 o 

I M 

-s 

oy
be

 
ie

ta
r 

.0
6 

« "O O 

o 
a 
U I 
u> 

S °. 
s °* 0 
S 60 
a S 

> > t M S 
O - - • — 
w >—T3 

O 
S 

'S y? 

si « o 
> e 
c g 
' 3 i 
0 • • 
^ 60 

ce x & ^ 

^ a> O 
O • - • • 
«5 " U O 

oo 
c o 
8 o 
ce -o 

v i cd 

> ( N 
C O 

'33 o 
o •• u oi) 

4> 3 

>» « O 1 2 
w "O 

•^f 
c o 
| 6 
o "^ 
CA cd 

> 1 N 
c o 
5J o 
0 •• 
•s M 

•5 S 
£* « O 13 
w " ^ 

5 < 
| x: 

3 

25 



8 
8 

.a 
2 

a. 
a. 

o-.S 
3 
O M 

M S 

« «.S 2 § 
<D M M « M 

S? 6 S £ 
s-s-s-i g. 
3 S«« O "" 

•O JO O >*VO 

ii W O - G 

? 5 

E 00 

x 3 
<U DJ) 

U a 

•a * S S>I 
t- "3 ~* 3 Q, 
3 O « - O "* 

T3 .û O >*00 

SO 

n i 

•S &S8 
•u a 

«•3d 

P 

Su 
2-2 

•a 

™ oo 

•a 

es 
11 
l ! 

13 . ! * 

Js^a^-sf 
"8.52:1 ° g« 35*3 ^ « h w 

1 gs *ts 8s 

. -vowg S M „ 
•g o e „ . » 3 3 
o / û ' 3 Ä G >» > 

!s> &• * § o "3 ~ 
ja «S « 'XJ a 'j2 co 

•a 
3 

* -Si S 

S3 g i l 

! » s a s 

3-a S 93 

6 S 
.5~o' 
Ë*"S 3 ^ a 
> a°. 

s?l° 
3 Dû 

^ s >< 
a o H 

'S » S 

•8 8 

.H-S -is 
a I a's 
S«? g g 
a o ^ iS '3 

."i^ ... 
j 3 o n o u 

S 3 
fi'G 
G .3 

a 
o 
o 
S 
& 
oo 

?s 

J 3 Ô 5 C i « 
S •§> 

* S 
n 5 
• s ^ S £ 
£ 2 « t. 

•S H f * 
2 « s s 
3 ai-3 w 

•3 Xi « (N 

£ ° > G i2 
"* - S 2 S 
•s >> 2 Ji "> 
S"! s i S 
a S 8 | 2 
•S S S M" 
5-a^S °-

2 5 

'S S 

&Ê£ 

.18 
&« 
•S S u 

« S ä 

ga* ' ! 
. - S ^ , Ä 
ö « o a 

aqoosg 
"Si >>>> _ 

2 6 f i § 

VC 

> 

>> 
•O 

p. 
O 

S? fi" S 
ScQ'a 

1*5 » • « : 2 o rt 

oo t -

H ' * 

SS s 

•a 

< w 

26 



o.S 

o 
o. 

tu 

>> 

CJ) 

s •o 

cc 

C 

^ 3 
3 
O 00 

oóS 

CD 

D 

G 

<u 
o 

5 

"8 
« a 

O- « 

a 
o 
rn 

WD 
V 

a 
* 

<£ 

•3 

o « 

lil 

« •̂73 A ' S s SS g 
>.Jä^ o 
S ^ » u 

'C5 2 5 

« ^ »« S3 

Ü c » ca 
C « rt o 

' " e c — 
C o o o 
« -J2 "2 ,<U 

- • & « _ „ 
— Ü o 
O X x o 
U 1) 1) S 

o. £>o 3 
> *—' 3 

> &• OfljÄ 

•c Ç S »> 
J S Ï O C 

£ f a 
DO O 

se, 
I 
•o S S 

S & ' s 
s !<£••§ 
_ M a J 

•S «.S g 

I s a -

o o O 
S * £ 

o ^ o 
ft >«£ 
• c l » e*-- ai 
2 s ä 

l § 
•S'a &! 
e-s Ig 
Sa -ss 
"§•» "SÛT 
" fi! 

c - ° 
Ö 3 M g 

.s-ssa 

SB<«ä 

«•s M 

C S 4 5 6 6 Ï 

a's 
•a i 

'I'-3 
e < * - . = ö 

° S o 

!r ro o 

O. J>00 

a s s 

o 

x ^ 

Ö 
0 

cC 

O» 

3 cC 

d 
.2 

c 

o 
o 

s 

*c3 
Ö 

« 
& 

S 
CU 

• ë ^ 

m 
Ë -

v 

• s g > 

3-3-5 ° 
- 3 X> <$ T 

• 3 

- II 

. . ^ CA 
U 3 4) 

? 8 B 
CA Ö +-* 
g i S 3 
Ui ra ' O 
ü j 3 eö 

CA 

'S 

T3 
w 

t/3 
<*i. 

"S CA 

sJ 1 >- oj B 
w yü 

re
co

rd
s d

u
ri

n
g
 

ce
 s
tu

d
y
, e

v
er

y
 

pi
e 
re

g
re

ss
io

n
 

m
al

es
 (1

6)
 an

d
 

. ö - H ~ 

fo
od

 
ba

la
 

m
ul

l 
ad

ul
 

(1
8)

 

*o O 
00 ~ " 
t N ,| 

U 3 « 
CU <A ^ 3 

? 8 a 
« c ~ 
g i S 3 
t - w "O 
Ü J S 

T J 

X 

Ü 
1» 

> 
o 

<-

•O 

2 
CA 

s 
_rt 

— 
Ë 

.w 

<*-•o 
a 
cc 

tA 

T3 
Ë 

3 
CO - o 

O ^ 3 « 

' s 
j> 
a 

CM g 
X \ 3 

-4 . « 

ï! 
CA O 

«; 
c CU 

O G A C 

S S 

o — 
<u 
13 
B 

«Ä 
•o 
5 
D 

13 

3 
o-o 
o CQ 

00 

tl 

a 

a 
ÇU 

tö 
o. 

( S 

T3 II 

2
x

3
0
 

dy
 

bo
ys

, n
 

\S-s 
U " § 
?88 CA C « 

o - 3 ° h fl*Q 
o X cd 

S E 

3 m 

SS c 

S « tu O 

e . 0) 

yb
ea

n 
ot

ei
n 

O
g

/d
 

g 
in

ta
k 

CA £ X ^ ^ ^ 5 

oo" 

o 
(U 

o 

• o 
CU 
X 

Ë 

S 
o 
oo 

• ' 

+1 
<ü 

&0 

CN s 

5 ^ 

2 § 
. . t~ -
C i l 

0 a) 
a-S 
• o l 

4> • -
X QO 

es 

o H 

— o 
> r-i 

>o 

C S 
*S co 

ON H 

. . O 

• S N 

E 
'O "O -o 

o ? 6 
e ' , i -
E t i « 

E S E S 
o"2 oo 

oo 
E 
o 

8 5 a 
Xi où '" 
S SO S 

S ° 
. . t 

2 oo 

es 

•s s Ü 

s 

27 



1 
a 

.a 
•a 
e 

« v h d » 

2.2 3» 
4> u o 5 
S S a 

• - Ä o C 
.S x o , 3 
u la «TT 
a-l| i 
»•s g s 

s 

s 
ta « 
Ü *T Ï >» 

?> S -s 

«s 

•a .s 

-^ » m "O 
«s ^ «s 

<u d 

1-8 * .§1 
•ss t & s a 
« a g « « *^ 

S3 -O S •§ M 3 

au, 
o a 

* 

•a 
"5 
c 
i> 
o 
a 

•o 

a 

c 
(1> 

a, 
*« 
S 
c 

<o 
-o 
F* 

> 

~.Jre 

S * " 

•SS.S 

a. S s 

£•*§ 
J3 > .S 

s c S 
3 O « 
3-a " 
5B-S 

S .S r j 
som 

§ 8 « .8 3« 

a 

a 

« 5 8 

•S »°-5 

•a^ . l& 'p l 
JrassjJlaï 

2 o>> 
t- S a> 

I s a 

«—'o 

- 6 . 
a « ^i 
2 J N 

M 

I-. 

> 

o 

>» 
R-a CA 

<u 

tf 
15 

O -ß 

ti Ä 
Ü 

rt 

3 
0» 

"S. " I -al i L CL. °"B - — 
• oû 5 6C oo bii 

?ss ä£ss 

« M) 

r- a 
i - o 

.g <N 

0.1? 
•o a 
u —. X M 

ES 

& 

I 

o 

D. 
S 
o 

j (S jj> 

> » • " 

! .S -o 

x o .S 

a ? 
S >> S 

y) M'"1 

l ^ ö 
1 S °> " T S 
° t- o 

68 .8 1 S3 
C S 3 2 3 
— C i« -a S 
a j) o 5 as 

M 

# 3 

S 3 
O « 
<o c 

û ta 

§ ^ 
S is 
.5? S •s g — 

S s .S 
i >> S 
§ "8 S 
u m a. 

28 



SÄ* 

e 
ai 

•g d a u o o a . c 
tt O 

O *o 
o | 

È 00 

'S s 
j a « 

• o « 
•S o s 

2 

8 s « ! 
f » 

.18 808 
O Q 6K o O 
"K ta . q> « 

~* 'Xi 

a o ° ° *-

• - . - j - H o 

O Q ™ 4> 

"S 
8.» § 

•a 2 ç« 

•S-c 8 S" 
|S?*8 

>.a 

.2 a >> 

1**13 
! = 2 s 

3 § a ° < S 

i U « 

O 
a ' S 

IM 

J5 OO D G & 

II? 
OO.S 

ss 
4) G 

3 « 
gts« 
.5 oo*o 

a 

a 
3 
FI 

M « 

S 
a o 

8 
se 

S >«>> . 

see S 

S 
fi 
'S. 
.S g 
„oo-n 
2 3 

i 
§ 

> c« T3 
Vu C G 
; o « 

all I 
x c o S S S -a 8 
S C c eö j - j 
O © c t-i •*-
w O ^ w k. 
•O Ä O CC TJ -

* -M-
S cd Q 

8 88-2-
2JM3S. 
•a . o Ä csvo 

O « _ 

• S .2 s 

<u a cd 

.2 o o >j » * 
« B O S S 1 ! 
3 "a s 3 -

eu M 

S »H-I s ° 
Sa g-g-al 
rn y C3 o a) 
g O C « « H 

• 2 ü O l . M 

" ° a s s 
a-a » S g o. 

•O J5 «a « X«> 

"S * 
a >\ > 

•2 S -S ta « 
*e >* £ .= u tu 

g « S i e s 

11-i l s. 
3 « *5 S O 

3 
S 

O 

a 
° 3 *-

I 8 8 *£ 
1 1 - 1 8 . 

Q 

l 

§ 

lu
co

se
 

%
 v

sO
 %

 
no

t g
iv

en
 

- O M 
S 2 2 

to
se

 
to

se
: 

ta
ry

 

( J U * 

. 2 - 2 ^ 

o 

> 

uc
ro

se
 an

d
 

uc
os

e 
an

d 
1
8
.5

 
0.

05
 %

 

™ so1'! ü 
>s°°S 

to
se

 
ac

to
i 

to
se

: 
ta

ry
 

Sfc 

ö 

gl
u
co

se
 

1 v
sO

 %
 

0.
02

 a
nd

 

M) ë 6* 

ct
os

e v
 

ct
os

e:
 ' 

ta
ry

 M
 

<4— *4— T3 

8 
0 
u 
3 
'00 

CA > 
ca 
O 

1 

t£ 
o 

'i 
c 

1 

1 * 

S 
ö •o 
§ 

I N 
O 
O 

éb 
S 

I 
•5 

M 

'1 

as
e-

tr
ea

te
d

 
V

S
 1

 %
 

0.
06

 %
 

« r a M 
•3 -2 

Ik
 v

s 
to

se
: 

ta
ry

 

• « c j CU 

e^'-s 

lu
co

se
 

v
sO

 %
 

0.
04

 %
 

to
se

 
to

se
: 

ta
ry

 

JJ-! 

.a 
•a 
s 

oa 
Lm 

CO 
I 
PQ 

29 


