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The milk components lactose and casein enhance the apparent absorption of magnesium and possibly
also of calcium, whereas phytate, which occurs in soya-bean products, has an inhibitory effect. This
implies that soya-bean beverage v. cow’s milk could lower bioavailability of Mg and Ca. This
hypothesis was tested in two experiments with growing rats. Feeding soya-bean beverage v. cow’s milk
consistently lowered body-weight gain, enhanced bone turnover, as measured by increased plasma
alkaline phosphatase (EC 3.1.3.1) activity and increased urinary hydroxyproline excretion, and
decreased Mg and Ca concentrations in the femur. Because the mineral compositions of the soya-bean
beverage and the cow’s milk were different, the intake of Mg was higher in rats fed on soya-bean
beverage, whereas that of Ca was higher in rats fed on cow’s milk. Supplementation of the soya-bean
beverage either with phosphorus and Ca or with P, Ca and methionine, to concentrations identical to
those in milk, restored growth and bone mineralization. When using diets carefully balanced for Mg, Ca,
P, sodium, potassium and methionine, soya-bean beverage v. cow’s milk in the diets decreased apparent
absorption and urinary excretion of Mg and Ca. Hydrolysis of lactose in milk decreased absorption and
urinary excretion of Mg; it did not significantly affect Ca absorption but lowered urinary Ca excretion.
The present study shows that soya-bean beverage v. milk depresses Mg and Ca bioavailability, as would
be predicted on the basis of reported effects of their purified components.

Cow’s milk: Soya-bean beverage: Mineral bioavailability: Rats

Constituents of cow’s milk products, when compared with those of soya-bean products,
increase the apparent absorption of magnesium and possibly also of calcium. Casein v.
soya-bean protein improves Mg absorption (Brink ez al. 1991) but does not affect Ca
absorption (Van der Meer et al. 1988). Lactose, a constituent of milk, stimulates the
absorption of Mg (Andrieux & Sacquet, 1983; Schaafsma er al. 1988; Greger ez al. 1989,
Brink et al. 1991). The effect of lactose on Ca absorption is controversial with improved Ca
absorption (Andrieux & Sacquet, 1983; Schaafsma et al. 1988 ; Greger et al. 1989) and no
effect (Greger et al. 1987, Sheikh et al. 1987; Recker et al. 1988) being reported. Phytate,
which is present in soya-bean products in significant amounts (Reddy et al. 1982),
suppresses the absorption of Mg and Ca (Nwokolo & Bragg, 1977; Davies, 1979;
Lonnerdal et al. 1989; Brink et al. 1991).

* For reprints.
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Table 1. Analysed composition of the cow’s milk (M), lactase (EC 3.2.1.23)-treated
cow’s milk (L) and soya-bean beverage (S)

M L S
Energetic value (kJ/kg)* 2180 2180 2180
Nitrogen (g/kg) 53 53 61
Fat (g/kg) 23 23 26
Lactose (g/kg) 45 9 0
Other carbohydrates (g/kg) 0 36 39
Phytate (mmol/kg) nd nd 2:6
Magnesium (mmol/kg) 49 49 115
Calcium (mmol/kg) 30 30 5
Phosphorus (mmol/kg) 31 31 23
Potassium (mmol/kg) 40 40 47
Sodium (mmol/kg) 21 21 28
Water (mol/kg) 64 64 64

nd, not determined.

* Calculated on the basis of chemical analysis: encrgetic values used (kJ/g): protein 16:8, carbohydrates 16-8,
fat 37-8. For conversion of nitrogen into protein concentrations a factor of 6:35 was used for milk and lactase-
treated milk, and a factor of 591 was used for soya-bean beverage.

Based on the effects of constituents of milk products v. those of soya-bean products, it
follows that substitution of soya-bean beverage for cow’s milk in the diet lowers
bioavailability, especially apparent absorption, of Mg and Ca. However, it could be
suggested that the constituents do not exhibit the anticipated effects when present in the
matrix of the intact products. In order to test this suggestion we fed cow’s milk and a soya-
bean beverage to young growing rats and determined mineral bioavailability. The effect of
lactose in intact milk was ascertained by comparing intact and lactase-treated milk. The
soya-bean beverage used was deficient in methionine and Ca but contained more Mg than
cow’s milk. To find out whether differences in mineral absorption from the intact products
could be caused by differences in concentrations of these nutrients, we also used diets that
were balanced for methionine, Ca and Mg. Mg and Ca bioavailability was assessed by
measurement of their apparent absorption, urinary excretion and concentrations in plasma
and femur. Plasma alkaline phosphatase (EC 3.1.3.1) activity and urinary hydroxyproline
excretion were determined as indices of bone turnover.

MATERIALS AND METHODS

General procedures
Male Wistar (Cpb: WU) rats, aged 4 weeks, were housed individually in polycarbonate-
topped metabolism cages with stainless-steel-wire bottoms (3140 mm?® x 120 mm) in a room
with controlled temperature (20-22°), relative humidity (50-60 %) and lighting (light,
06.00-18.00 hours). For 4 weeks the animals were fed on the experimental diets containing
cow’s milk, lactase-treated milk or soya-bean beverage. Diets and demineralized water were
freely available.

Sterilized cow’s milk was prepared in The Netherlands Institute for Dairy Research.
Lactase-treated milk was obtained by addition of 200 mg lactase (EC 3.2.1.23; Maxilact-a
40-000; Gist Brocades, Deift) to 1 litre of the sterilized milk and incubation for 24 h at 10°,
This led to hydrolysis of 80% of the lactose. The soya-bean beverage was obtained from
Protevit, Fijnaart. Table 1 shows the analysed composition of the cow’s milk, lactase-
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treated milk and soya-bean beverage. The milk, lactase-treated milk and soya-bean
beverage were fed in the form of diets shown in Tables 2 and 3. Basically, either a protein-
free mixture without minerals or a protein-rich mixture with minerals was added to make
a porridge. The experimental diets were freshly prepared twice weekly.

Feed consumption was recorded daily and body-weights were measured weekly. During
the last 4 d of the experimental period, faeces and urine of each animal were collected. At
the end of the experimental period, between 08.30 and 12.30 hours, fasting blood samples
were drawn by orbital puncture under light diethyl ether anaesthesia and immediately
followed by decapitation. Femora were removed.

For analysis of minerals, diets and faeces were freeze-dried, homogenized and wet-ashed
with nitric acid and perchloric acid. Femora were cleaned of adhering tissue, defatted in
diethyl ether for 50 h and weighed in air as well as under water for volume measurement.
Fat-free femora were dried for 16 h at 105° and dry-ashed in a mufile furnace for 16 h at
550°. After appropriate dilution, Mg and Ca were analysed by atomic absorption
spectrophotometry (Perkin Elmer 1100; Bodenseewerk Perkin Elmer & Co. GmbH,
Germany). Samples of the diets were also analysed for sodium and potassium by atomic
emission spectrophotometry and for phosphorus by the Fiske-Subbarow method (Fiske &
Subbarow, 1924). Nitrogen in the diets was analysed by the macro-Kjeldahl method
(International Dairy Federation, 1986) and lactose by high-performance liquid chromat-
ography (Brons & Olieman, 1983). Methionine was determined according to the method
described by Moore (1963). The phytate content of the base products and the complete
diets was analysed as described by Slump et al. (1987).

Bioavailability of Mg and Ca was evaluated by determination of their apparent intestinal
absorption, urinary excretion and contents in plasma and femur. Bone turnover was
assessed by measurement of plasma alkaline phosphatase and urinary hydroxyproline
using commercial kits purchased from Boehringer, Mannheim, Germany and Hypro-
nosticon, Organon Teknica, Oss respectively. Apparent intestinal absorption was calculated
as mineral intake minus faecal excretion, and was expressed as such and as percentage of
intake.

Expt 1

This experiment was designed to compare bioavailability of Mg and Ca from cow’s milk,
lactase-treated cow’s milk and soya-bean beverage. These products were compared in either
a protein—mineral-free or protein-mineral-rich (Mg-free) diet. The use of two dietary
backgrounds was anticipated to provide clues as to whether the differential effects of the
cow’s milk and soya-bean beverage become less pronounced when incorporated into more
nutritionally adequate diets. Since we were especially interested in Mg bioavailability from
intact cow’s milk and soya-bean beverage, no Mg was added to the protein—mineral-rich
dietary background.

Forty-two rats, with a mean body-weight of 83 g, were randomly divided into six groups
of equal size and were fed on diets containing either milk, lactase-treated milk or soya-bean
beverage. To 2800 g of these products, which corresponded to 300 g dry matter, 700 g of
either a protein—mineral-free or protein—mineral-rich ingredient mixture was added as
indicated in detail in Table 2. In essence, the protein—mineral-free mixture consisted of rice
flour (Molenaar kindermeel; Milupa, Amersfoort) supplemented with cellulose, iron and
vitamins. The protein—mineral-rich mixture contained rice flour, cellulose, ovalbumin
(NTVE-WRC, Amersfoort), mineral and vitamin premix. The protein-mineral-rich mixture
did not contain Mg.
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Table 2. Expr 1. Composition of the diets containing cow’s milk (M), lactase
(EC 3.2.1.23)-treated cow’s milk (L) or soya-bean beverage (S)

Protein—mineral-free background Protein—mineral-rich background

Experimental diets... M L S M L S
Ingredients (g dry wt)

Milk* 300 - - 300

Lactase-treated milk* - 300 - - 300 -

Soya-bean beverage* - - 300 - - 300

Protein—mineral-free mixt 700 700 700 - - -

Protein—mineral-rich mix} - 700 700 700
Chemical analysis

(mmol/kg dry wt)

Nitrogen 1543 1536 1729 2286 2264 2464

Phytate nd nd 68 nd nd 70

Lactose 339 35 0 348 35 0

Magnesium 20-6 20-6 37-0 24:7 247 412

Calcium 925 925 150 1350 1350 675

Phosphorus 1097 109-7 90-3 154-8 154-8 1355

Sodium 60-9 609 826 156°5 1565 178:3

Potassium 169-2 169-2 189-7 130-8 1308 151-3

nd, not determined.

* Used as such: to 2800 g of these products, which corresponded with 300 g dry matter, 700 g of either the
protein mineral-free or protein—mineral-rich mixture was added.

+ Consisted of the following (g/kg dry diet): rice flour 62091, cellulose 57, sunflower oil 8, vitamin premix 10,
ferrous sulphate 0-09, chromium trioxide 4. The composition of the vitamin premix (AIN 7%) was as described by
the American Institute of Nutrition (1977).

1 Consisted of the following components (g/kg dry diet): ovalbumin 105, cellulose 56, rice flour 3962, palm
oil 105, mineral premix 24-5, vitamin premix 9-1, choline chloride 1-4, chromium trioxide 2-8. The mineral premix
consisted of the following (mg): CaCO, 1926, CaHPO,.2H,0 4667, KH,PO,, 3418, FeSO,.7H,0 176,
MnSO,.H,0 167, ZnSO,.7H,0 98, CuSO,.5H,0 78, KIO, 03, Na,SeO,.5H,0 03, CrK(80,),.12H,0 13,
dextrose 13 956-4. The composition of the vitamin premix (AIN~%) was as described by the American Institute
of Nutrition (1977).

Expt 2

The aim of this experiment was to compare mineral availability from the different diets
under conditions of equal growth and mineral intake by the rats. The soya-bean beverage
is deficient in P, Ca and methionine; thus, these nutrients were added, either alone or in
combination, to concentrations identical to those in cow’s milk. The soya-bean beverage
contained more Mg, Na and K than cow’s milk. In order to balance the diets for these
components as well, they were added to cow’s milk to concentrations identical to those in
the soya-bean beverage. The composition of the diets used in Expt 2 is shown in Table 3.
All diets contained the protein—mineral-free mixture. Forty-two rats, with a mean body-
weight of 79 g, were randomly divided into six dietary groups of equal size and fed on the
diets.

Statistics
A priori defined contrasts were evaluated using Bonferroni’s test for multiple comparisons
(Fleiss, 1986). The level of statistical significance adjusted for multiple comparisons was
preset at P < 0-05. The following contrasts were tested. Expt 1: lactase-treated cow’s milk
v. cow’s milk against both dietary backgrounds; soya-bean beverage v. cow’s milk against
both dietary backgrounds; protein—mineral-rich diets v. protein—mineral-free diets with
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Table 3. Expr 2. Composition of the diets containing cow’s milk (M) or soya-bean
beverage (S)

Experimental diets with
protein-mineral-free

background... M S

Supplements* ... None  Mg+Na+K None Met P+Ca P+Ca+Met

Ingredients (g dry wt)
Milk* 300 300 - - - -
Soya-bean beverage* - - 300 300 300 300
pL-methionine (Met) - - - 0-95 - 095
CaHPO,.2H, O - - - - 4-4 44
CaCo, - - - - 66 66
MeCO, 12 - - - -
NaHCO, - 1-8 - - -
KHCO, - 58 - - - -
Protein—mineral-free mix¥ 700 700 700 700 700 700

Chemical analysis
(mmol/kg dry wt)

Nitrogen 1678 1664 1793 1771 1764 1786

Met 275 275 221 281 20-8 282
Phytate nd nd 68 68 69 70
Magnesium 206 34-6 370 36-8 369 371
Calcium 100-0 100-0 12:5 127 102-5 103-8
Phosphorus 1065 106:1 80-6 774 104-8 1052
Sodium 522 82-6 82-6 81-5 80-3 80-3

Potassium 1256 1641 164-8 1637 1639 1642

nd, not determined.

* Used as such: to 2800 g of these products, which corresponded with 300 g dry matter, 700 g of either the
protein- mineral-free or protein-mineral-rich mixture was added.

1 Consisted of the following (g/kg dry diet): rice flour 620-91, cellulose 57, sunflower oil 8, vitamin premix 10,
ferrous sulphate FeSO, 009, chromium trioxide 4. The composition of the vitamin premix (AIN""%) was as
described by the American Institute of Nutrition (1977).

identical product. Expt 2: non-supplemented soya-bean beverage v. non-supplemented
cow’s milk ; supplemented cow’s milk v. non-supplemented cow’s milk ; soya-bean beverage
supplemented with P, Ca and methionine v. supplemented cow’s milk; soya-bean beverage
supplemented with methionine v. non-supplemented soya-bean beverage; soya-bean
beverage supplemented with P and Ca v, non-supplemented soya-bean beverage; soya-bean
beverage supplemented with P, Ca and methionine v. non-supplemented soya-bean
beverage; soya-bean beverage supplemented with P, Ca and methionine v. soya-bean
beverage supplemented with methionine; soya-bean beverage supplemented with P, Ca and
methionine v. soya-bean beverage supplemented with P and Ca. Only those contrasts that
reached statistical significance are indicated in Tables 4-7.

RESULTS
Expt 1
Body-weight gain and feed intake

Body-weight gain and feed intake of rats fed on soya-bean beverage against the
prolein—-mineral-free background were significantly decreased when comparced with rats fed
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Table 4. Expr 1. Body-weight gain, feed intake and magnesium and calcium balance of rats
given diets containing cow’s milk (M), lactase (EC 3.2.1.23)-treated cow’s milk (L) or soya-
bean beverage (S) in a protein—-mineral-free or protein—mineral-rich background*

(Values are expressed as group means for seven rats per dictary group)

Protein—mineral- Protein—mineral-
free background rich background

Experimental diets... M L S M L S
Mean Mean Mean Mean Mean Mean SED
Body-wt gain (g/28 d) 137 144 88" 140 150 148% 6
Feed intake (g/28 d)t 455 478 391° 397¢ 217 407 8
Mg balance
Mg intake (#mol/d) 358 366 556Y 325 329 5514 o)
Faecal Mg excretion (xmol/d) 90 144# 226" 70 95¢ 222¢ 14
Mg absorption (umol/d} 267 226" 329" 255 235¢ 3291 9
Mg absorption (%) 75 62° 59" 79 7108 60" 1
Urinary Mg excretion (gmol/d) 185 136% 206 177 152 2224 8
Plasma Mg (mmol/I) 0-82 0-82 0-90"° 0-86 0-83 0-88 0-01
Ca balance
Ca intake {(#mol/d) 1525 1575 2557 1950¢ 1973¢ 9374 94
Faecal Ca excretion (zmol/d) 351 419 20" 810¢ 788" 44x 37
Ca absorption (umol/d) 1174 1156 205" 1139 1185 8932 80
Ca absorption (%) 77 73 04" 59¢ 60" 954 2
Urinary Ca excretion (zmol/d) 33 9* 3® 26 17 44 2

Plasma Ca (mmol/l) 290 2:93 2-85 2:93 2:95 291 0-01

a-g, a priori selected contrasts which are significantly different (P < 0-05): a, L v. M in the protein-mineral-free
background; b, S v. M in the protein- mineral-free background; ¢, L v. M in the protein—mineral-rich background;
d, S v. M in the protein—mineral-rich background; ¢, M in the protein-mineral-rich background v. M in the
protein—mineral-free background; f, L in the protein—mineral-rich background v. L in the protein-mineral-free
background: g, S in the protein- mineral-rich background v. S in the protein—mineral-free background.

SED, standard error of difference.

* For details of procedures, see pp. 272-275.

+ On a dry weight basis.

on cow’s milk (Table 4). There were no significant differences between groups fed on the
diets containing the protein—mineral-rich mixture. Replacement of the protein—mineral-free
mixture by the protein—mineral-rich mixture in the diet with soya-bean beverage
significantly increased body-weight gain. Such replacement did not influence body-weight
gain when the diet contained either milk or lactase-treated milk, while it significantly
decreased feed intake.

Mg balance

Irrespective of the composition of the dietary background, which in either case did not
contain added Mg, Mg intake was significantly increased in rats fed on soya-bean beverage
(Table 4). This was associated with an increased absolute Mg absorption and urinary and
faecal Mg excretion, while percentage Mg absorption was decreased. Lactase-treated v.
normal cow’s milk significantly decreased intestinal Mg absorption and lowered urinary
Mg excretion. Mg concentration in plasma was increased by soya-bean beverage v. cow’s
milk against a protein—mineral-free background.
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Table 5. Expt 1. Bone variables in rats given diets containing cow’s milk (M), lactase
(EC 3.2.1.23)-treated cow’s milk (L) or soya-bean beverage (S) in protein—mineral-free or
protein—mineral-rich background*

(Values are expressed as group means for seven rats per dietary group)

Protein—-mineral-free Protein—mineral-rich
background background

Experimental diets ... M L S M L N

Variable Mean  Mean  Mean Mean Mean Mean SED

Plasma alkaline 91 96 119¢ 110 97 840:¢ 4
phosphatase (EC 3.1.3.1) activity (U/l)

Urinary hydroxyproline 76 80 942 80 83 9-0° 03
excretion (umol/d)

Femur magnesium 016 015 0117 0-16 016 014" 0006
(mmol/cm?®)

Femur calcium 4-85 4-68 2728 4-84 467 420" 016

(mmol/cm?®)

a—, a priori selected contrasts which are significantly different (P < 0-05): a, S v. M in the protein—mineral-free
background; b, § v. M in the protein—mineral-rich background; ¢, S in the protein-mineral-rich background v.
S in the protein-mineral-free background.

SED, standard error of difference.

* For details of procedures, see pp. 272-275.

Ca balance

Ca intake was significantly lower in rats fed on soya-bean beverage instead of cow’s milk,
which was associated with decreased absolute Ca absorption, decreased urinary and faecal
Ca excretion and an increased percentage Ca absorption (Table 4). Absolute Ca absorption
in rats fed on soya-bean beverage was significantly higher with the diets containing the
protein—mineral-rich mixture instead of the protein-mineral-free mixture. Hydrolysis of
lactose in milk did not significantly affect Ca absorption, but it decreased urinary Ca
excretion. The latter effect just failed to reach statistical significance in rats fed on diets with
the protein—mineral-rich background. Plasma concentrations of Ca were not significantly
influenced by the experimental diets.

Bone metabolism

When the rats were fed on the diets containing the protein-mineral-free mixture, urinary
hydroxyproline excretion and plasma alkaline phosphatase activity were significantly
increased by soya-bean beverage v. cow’s milk (Table 5). When soya-bean beverage and
cow’s milk were compared against a protein—mineral-rich (Mg-free) background, urinary
hydroxyproline excretion was still increased, but plasma alkaline phosphatase activity was
significantly decreased in rats fed on soya-bean beverage. Mg and Ca concentrations in
femur were significantly lower in rats fed on the soya-bean beverage instead of cow’s milk,
irrespective of the background composition of the diet. Hydrolysis of lactose in milk did
not significantly affect bone variables.

Expt 2
Body-weight gain and feed intake
Body-weight gain was significantly lower in rats fed on non-supplemented soya-bean
beverage than in rats given non-supplemented milk (Table 6). Growth retardation in the
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Table 6. Expt 2. Body weight gain, feed intake and magnesium and calcium balance of rats
given diets containing cow’s milk (M) or soya-bean beverage (S) in a protein—mineral-free
background either with or without supplements*

(Values are expressed as group means for seven rats per dietary group)

Experimental diets... M S

Mg+ Na P+Ca
Supplements ... None +K None Met P+Ca +Met
Mean Mean Mean Mean Mean Mean SED
Body-wt gain (g/28 d) 172 165 138" 140 158 165¢ 4
Feed intake (g/28 d)t 447 446 446 428 472 467 8
Mg balance
Mg intake (#mol/d) 356 625* 623" 623 705 661 25
Faecal Mg excretion (uzmol/d) 98 228¢# 245" 258 384¢ 3550ed 22
Mg absorption (xmol/d) 258 3972 378 364 321 305¢f 12
Mg absorption (%) 72 652 61" 59 461 4601 3
Urinary Mg excretion {#mol/d) 133 2717 252° 239 1464 199¢ 15
Plasma Mg (mmol/l) 0-88 0-88 098 097 091 091 003
Ca balance
Ca intake (#mol/d) 1900 2035 213" 210 2104° 1973t 130
Faecal Ca excretion (umol/d) 500 610 8" 7 826 75308 ! 71
Ca absorption (zmol/d) 1400 1424 205" 203 12784 12200 f 98
Ca absorption (%) 74 70 96" 97 61¢ 620t 3
Urinary Ca excretion (#mol/d) 70-3 675 33" 34 37-1¢ 31-30¢ 7

Plasma Ca (mmol/I) 2-85 2-84 274" 2:70 2-80 2:84" 0-01

a—f, a priori selected contrasts which are significantly different (P < 0-05): a, M supplemented with Mg, Na and
K v. M without supplements; b, S without supplements v. M without supplements; ¢, S supplemented with P, Ca
and methionine v. M supplemented with Mg, Na and K; d, S supplemented with P and Ca v. S without
supplements; e, S supplemented with P, Ca and Met v. S without supplements; f, S supplemented with P, Ca and
Met v. S supplemented with Met.

SED, standard error of difference.

* For details of procedures, see pp. 272 -276.

t On a dry weight basis.

rats fed on soya-bean beverage had disappeared after supplementation of the diet with
either P plus Ca or with the combination of P, Ca and methionine. Feed intakes of rats fed
on the experimental diets were not significantly different.

Mg balance

Intake, absolute absorption, and urinary and faecal excretion of Mg were significantly
higher in rats fed on non-supplemented soya-bean beverage compared with milk (Table 6).
Percentage Mg absorption was decreased in rats fed on soya-bean beverage. Sup-
plementation of soya-bean beverage with methionine alone did not affect Mg balance.
Adding P plus Ca to the soya-bean beverage diet caused a significant increase in faecal Mg
excretion and reduced urinary excretion as well as intestinal absorption. Further
supplementation with methionine did not significantly influence urinary and faecal
excretion of Mg. The addition of Mg, Na and K to the cow’s milk diet caused an increased
intake of Mg, associated with increased urinary and faecal excretion, and absolute
absorption of Mg. As a consequence, percentage Mg absorption was decreased. Although
Mg intake did not differ between the rats fed on the diet containing either soya-bean
beverage supplemented with P, Ca and methionine or milk supplemented with Mg, Na and
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Table 7. Expt. 2. Bone variables in rats given diets containing cow’s milk (M) or soya-bean
beverage (S) in protein—mineral-free background either with or without supplements*

(Values are expressed as group means for seven rats per dietary group)

Experimental diets ... M S

Mg+ Na P+Ca
Supplements . .. None +K None Met P+Ca +Met
Variable Mean  Mean Mean Mean Mean Mean SED
Plasma alkaline 77 83 17 103 60° 58vde 5
phosphatase (EC 3.1.3.1) activity (U/])
Urinary hydroxyproline 81 83 13-4* 138 8:2¢ S 05
excretion (#mol/d)
Femur magnesium (mmol/cm?) 0-16 0-16 0-09% 0-08 0-15¢  015%° 0007

Femur calcium (mmol/cm?) 478 4-83 2452 2-18 4-68°  4-65%¢ 025

a—e, a priori selected contrasts which are significantly different (P < 0:05): a, S without supplements v. M
without supplements; b, S supplemented with P, Ca and methionine v. M supplemented with Mg, Na and K ; c,
S supplemented with P and Ca v. S without supplements; d, S supplemented with P, Ca and Met v. S without
supplements; e, S supplemented with P, Ca and Met v. S supplemented with Met.

SED, standard error of difference.

* For details of procedures, see pp. 272-276.

K, the former showed significantly lower absolute and percentage Mg absorption. Plasma
Mg concentrations were not significantly affected by the dietary treatments.

Ca balance

Intake, absolute absorption and urinary excretion of Ca were significantly lower in rats fed
on non-supplemented soya-bean beverage than in rats fed on non-supplemented milk
{Table 6). Percentage Ca absorption was significantly higher in rats fed on soya-bean
beverage. Ca balance was not affected after supplementation of the soya-bean beverage
with methionine. The addition of P plus Ca or the combination of P, Ca and methionine
caused similar increases in Ca intake, absolute absorption and urinary and faecal excretion
of Ca, while percentage Ca absorption was similarly reduced. Fortification of milk with
Mg, Na and K did not significantly affect Ca balance. Although Ca intake was not different
between the two groups, percentage and absolute Ca absorption in rats fed on the soya-
bean-beverage diet supplemented with P, Ca and methionine were significantly lower than
in rats fed on the cow’s milk diet either without or with added Mg, Na and K. Plasma Ca
concentrations were decreased in rats fed on non-supplemented soya-bean beverage in
comparison with those fed on non-supplemented milk.

Bone metabolism

Urinary hydroxyproline excretion and plasma alkaline phosphatase activity were
significantly increased in rats fed on non-supplemented soya-bean beverage compared with
cow’s milk (Table 7). The addition of methionine to the soya-bean-beverage diet did not
affect these variables, but addition of either P plus Ca or the combination of P, Ca and
methionine decreased both variables significantly. In rats fed on the soya-bean-beverage
diet supplemented with P, Ca and methionine, plasma alkaline phosphatase activity was
significantly lower than in rats fed on the cow’s milk diet supplemented with Mg, Na and
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K. However, urinary hydroxyproline excretion did not differ significantly between the two
dietary groups.

Mg and Ca concentrations in the femur were significantly lower in rats fed on non-
supplemented soya-bean beverage than in rats fed on cow’s milk. Femur Mg and Ca were
not significantly affected by the addition of methionine to the soya-bean beverage diet.
Supplementation of the soya-bean beverage diet with either P plus Ca or P, Ca and
methionine significantly increased Mg and Ca concentrations in the femur. The addition of
Mg, Na and K to milk did not affect bone variables. Mg and Ca concentrations in the
femur were similar in rats fed on either soya-bean beverage supplemented with P, Ca and
methionine or cow’s milk supplemented with Mg, Na and K.

DISCUSSION

When soya-bean beverage and cow’s milk were incorporated into diets containing a
protein—mineral-free mixture, soya-bean beverage compared with cow’s milk consistently
depressed body-weight gain and caused decreased femur concentrations of Mg and Ca in
both experiments. Bone turnover in rats given soya-bean beverage was increased, as
indicated by increased plasma alkaline phosphatase activity (indicator of bone formation)
and increased urinary hydroxyproline excretion (indicator of bone resorption). These
effects of soya-bean beverage were most probably caused by the low concentration of Ca
in this product (Table 1) as they were reversed after the addition of Ca (Tables 5 and 7). Ca
deficiency in young rats is known to cause growth retardation and increased bone turnover
(Irving, 1973).

Rats fed on soya-bean beverage supplemented with P, Ca and methionine had lower
plasma alkaline phosphatase activities than rats fed on cow’s milk supplemented with Mg,
Na, and K (Table 7). This most probably relates to the protein source. With the use of
carefully balanced diets, soya-bean protcin isolate decreased plasma alkaline phosphatase
activities in rats when compared with casein (E.J. Brink, P. R. Dekker, E. C. H. van
Beresteijn and A. C. Beynen, unpublished results). However, the effect of protein on
plasma alkaline phosphatase was not associated with decreased Mg and Ca concentrations
in the femur (Table 7).

Under conditions of equal growth rates and the feeding of diets with identical Mg and
Ca concentrations, intestinal absorption and urinary excretion of Mg and Ca were
significantly higher in rats fed on cow’s milk than in those given soya-bean beverage (Table
6). This was not reflected in a difference in femur concentrations of Mg and Ca (Table 7).
Apparently, the absorbed amounts of these minerals in rats fed on soya-bean beverage
sufficed to sustain normal bone mineralization. In rats fed on soya-bean beverage diets not
supplemented with P plus Ca, absolute Ca absorption did not suffice (Tables 6 and 7).

Hydrolysis of lactose in milk significantly decreased Mg absorption, but did not affect Ca
absorption (Table 4). This agrees with the fact that lactose v. other carbohydrates increases
Mg absorption (Andrieux & Sacquet, 1983; Schaafsma et al. 1988; Greger et al. 1989;
Behling & Greger, 1990). The effect of lactose on Ca absorption is controversial. Lactose
has been reported to enhance Ca absorption (Fournier er al. 1971; Leichter & Tolensky,
1975; Armbrecht & Wassermann, 1976; Favus & Angeid-Backmann, 1984). However, no
effect of lactose has also been reported (Greger er al. 1987; Sheikh et al. 1987; Recker et
al. 1988 ; Behling & Greger, 1990). The reason why lactose stimulates Mg absorption, but
perhaps not that of Ca, is not known.

Apart from the absence of lactose in soya-bean beverage, the presence of phytate may
also explain why soya-bean beverage v. cow’s milk lowers mineral absorption. Phytate
decreases Mg and Ca absorption (Nwokolo & Bragg, 1977; Davies, 1979 ; Lonnerdal et al.
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1989). Addition of phytate to diets with casein, to a concentration identical to that in diets
containing soya-bean protein, significantly decreased apparent absorption of Mg (Brink ez
al. 1991) and Ca (E. J. Brink, P. R. Dekker, E. C. H. van Beresteijn and A. C. Beynen,
unpublished results) in rats to a level seen after feeding soya-bean protein. Thus, phytate
in soya-bean protein appears responsible for the reduction in Mg and Ca absorption
induced by soya-bean protein when compared with casein.

In conclusion, the results of the present study indicate that lactose and phytate, when
present in the matrix of intact cow’s milk and soya-bean beverage respectively, still exert
their influence on the bioavailability of Mg and Ca. Soya-bean beverage v. cow’s milk
lowers apparent absorption of Mg and Ca.
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