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ABSTRACT

This ;mdy was to compare the bioavailability of calcium from anchovy and tofu to those
of calcium from calcium carbonate(CaCQ3) as the control diet and non-fat dry milk(NFDM).
Rats weighing 50—60g were placed on experimental diets and dejonized water at free access
for 4 weeks. Diets contained 02% calcium from calcium-carbonate, NFDM, anchovy, tofu
or 05% calcium as calcium-carbonate for control group.

The results obtained were as follows :

1) No significant differences in the apparent absorption of calcium(62.5% —710%) were
observed in the rats fed four different calcium sources at the level of 02% while 0.5% calcium
diet group apparently absorbed calcium less efficiently(52.2% ).

2) Bone length of tibia and femur was not significantly different among the groups, though
05% calcium of control group showed slightly longer length.

3) Tibia fat-free dry weights of 02% calcium of NFDM and anchovy diet groups were
not significantly different from that of 0.5% calcium of control group. For femurs NFDM,
anchovy and tofu groups were similar in their fat-free dry weight to that of 05% calcium
group.

4) For calcium contents tibia from anchovy treated group showed higher value than calcium-
carbonate and tofu groups and the valuc was not significantly different from that of 05%
calcium group. In femur NFDM. tofu and calcium-carbonate groups were not significantly
different in their calcium content but 0.5% calcium gorup had higher level of calcium than
02% calcium groups.

5) The normalized values(NV) show that there was no significant differences in NV among
02% CaCOs, anchovy and tofu groups, while NV of NFDM group was significantly lower
than that of calcium-carbonate group. NV of 0.5% calcium group was a little more than 50%
of those in 02% calcium groups.

Though the values obtained for the calcium bioavailability were somewhat variable among
experimental products, it was demonstrated that anchovy and tofu are as good as NFDM
for the dietary calcium provider when calcium intake is at marginal level.
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Introduction

The major dietary sources of calcium for Ko-
rean are vegeiable and grain origin, 57.0% of total
intake®, which have been reported as poor sour-
ces for calcium availability?®. Phytate, fiber and
oxalate in plant are implicated for this®. Since
dairy products which are highly available calcium
sources provide only 10.7% of Korean intake, it
is difficult to assure optimum calcium notrition
for Koreans whose average intake is less than
RDA, 82.0% of it and an estimated 53.7% of Ko-
rean consumed less than 75% of RDAD.

Chronic low calcium intake has been implica-
ted in the development of osteoporosis, bone frac-
ture, atherosclerosis and hypertension®'®. Recen-
tly some investigators advise to take higher
amount of calcinm than present RDA to prevent
or postpone the appearance of adverse clinical
symptoms of these aging related diseases!!.
While there is an advocation for the supplemen-
tation of the diet with marketed calcium supple-
ments, it would be more recommendable to utilize
normal foods of highly bioavailable calcium sou-
rces {0 maximize bone mass in growth period
and to protect from bone loss in the elderly.

Several previous studies!*'®) examined the
bicavailavility of calcium from daily foods such
as nonfat dry milk(NFDM), cheese, tofu, spinach,
cheese, bread, almond powder and sesame seeds
and found relative bioavailability is quite variable
from 47% of spinach to 100% of NFDM. An-
chovy and tofu are widely used for side-dishes
in Korea and provide considerable amounts of
calcium. Professionals estimate that an average
intake of calcium for Korean adult is 491.8mg/day
and 10% of total daily calcium intake is from
anchovy and 20% from tofu". However, there is

few data for their calcium bioavailability compa-

(3
@

red to the dairy products which are major calcium
source in western countries. The major objective
of this study is to compare the bioavailability of
calcium in anchovy and tofu with that of calcium
carbonate or calcium in milk in the aspects of
absorption and the growth of bones in growing

animals.
Materials and Method

1. Animals and general care

Forty male weanling Sprague-Dawley rats wei-
ghing 50~—60g were purchased(Seonl National
Univ. Animal Room) and housed individually
in stainless steel, wire-bottomed cages in a tempe-
rature and light-controlled environment. The ani-
mal room was maintained at 20 2C and with
a 12-h light/12-h dark cycle. Cages were washed
beforehand with ethylene diamine tetraacetic acid
(EDTA) solution and rinsed by deionized water.
After adaptation of three days on rat chow, rats
were placed on experimental diets and deionized
water at free access for 4 weeks. Food intake and
weight gain were measured twice a week.

2. Diet preparation

Diets were formulated to contain 20% protein,
5% fat, 02% calcium{a marginal dietary calcium
level for the rat whose requirement is 0.5% of
diet)!” and 0.4% phosphorus. For normal control
diet, 0.5% calcium casein-base diet was prepared.
The calcium in each diet was provided by the
experimental product and calcium carbonate
{CaCO3) was the calcium source in the casein-
base diets. Dried medium size anchovy and cal-
cium sulfate (CaSO4)-precipitated tofu(Pulmu-
won Co.) were purchased locally. They were
freeze-dried(Labcon Co, USA) and ground in a
blender to pass 50 mesh screen. The nonfat dry
milk was a commercial product(Seoul Milk Co.).
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Protein was provided by the calcium source . . .
. . 3. Analysis of calcium sources and experimental
and/or by casein. Corn oil was added to all the
diets except tofu diet up to 5% fat of the diet.

Five kilograms of each diet was made and refrige-

diets
Proximate analyses for moisture, lipid, protein,
i : . . ash, phosphorus and calcium of calclum sources
rated until use. The composition of calcium sour- . .
and the experimental diet were performed by pro-
cedures based on AOAC(1980)!8. Three random

samples per cach diet were analyzed. Atomic ab-

ces and experimental diets are presented in Tables
1 and 2, respectively.

Table 1. Composttion of freeze-dried calcium sources’

Test food Water Protein Lipid Ash Carbohydrate  Calcium  Phosphorus
gram/100 gram
Casein 4.50 91.70 0.51 1.00 2.29 0.02 0.68
NFDM2 8.30 35.20 1.00 7.00 55.50 1.70 1.15
Anchovy 16.70 45.00 6.70 17.40 14.20 2.00 1.55.
Tofu 6.70 49.00 28.20 8.70 12.40 0.80 1.01

1) Values are means of 8 determinations.
2) Nonfat dry milk(Seoul Milk Co., Seoul, Korca)

Table 2. Diet compositions for expenmental groups

Experimental Groups

Ingredient 0.5% CaCOg 0.2% CaCO; NFDM Anchovy Tofu
gram/kg diet

Product! - - 11.76 100.0 250.0
Casein® 218.1 218.1 173.0 169.0 84.5
Corn oil 49.0 49.0 48.8 52.6 -
Vitamin mix® 10.0 10.0 10.0 10.0 10.0
Mineral mix?* 40.0 40.0 40.0 40.0 40.0
a-Cellulose® 50.0 50.0 50.0 50.0 50.0
Choline chlonde 2.0 2.0 2.0 2.0 2.0
KH,PO, 18.0 18.0 11.6 11.0 6.6
Corn starch 597 4 604.9 544.0 572.4 5339
DL-methionin 3.0 3.0 3.0 5.0 3.0
CaCOs 125 5.0 - — —

1) Nonfat dry milk(NFDM), anchovy and tofu were provided as sole source of calcium

2) Casein, 91.7% purity

%) Vitamin mix. was made by based on AIN-76 vitamin mixture(g/kg) . P-aminobenzoic Acd, 11.0152 + As-
corbic Add, 101.6604 ; Biotn, 0.0441 : Vitamin Bjz, 2.9736 ; Calciurn Pantothenate, 5.5000 ; Folic Acid,
0.1982 ; Inositol, 11.0132 7 Menadion(Vitamin Ks), 4.9559 ; Niadn, 9.9119 : Pyridoxine-HCl, 2.2026 ; Ri-
boflavin; 2.2026 ; Thiamin-HCl, 2.2026 ; Viamin A-Palmitate(IV), 2000,000 ; Vimin Do(IV), 200,000 3
a-1-tocopherol, 1.0000 ; Comn Starch, 713.1217

4) Mineral mix. was made by based on AIN-76 mineral mixture(g/kg) ; Ammeonium Molybdate, (NH4)Mo,0
244H0, 0.025 ; Cupric Sulfate, CuSOy, 1.5601 ; Ferric Cirrate, 6.2303 ; Mgnesium Sulfate, MgSQ,H,0,
99.8055 ; Manganese Sulfate, MnSO,Ho0, 1.2101 3 Powassium lodide, KI, 0.0050 + Sodiumn Chloride, NaCl,
250.6138 ; Sodium Selenite, NaySeQ;, 0.0150 ; Zinc Chlonde, ZnCly, 0.20 5 Com Starch, 640.34

5) a-Gellulose, Sigma
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sorption  spectrophotometry(GBC ~ Scientific
Equipment PTY, LTD. MODEL 903, USA) was
used to determine calcium content of calcium
sources and the diets following dry ashing and
diluting by ten times with 1% lanthanum chloride
(Tokyo Chem.) solution.

4. Determination of apparent absorption of cal-
cium

Three days fecal samples werc collected on the
day of 25th 10 27th of feeding period. They were
cleaned of foreign adhering matter, dried to cons-
tant weight and ground to fine powder. Calcium
concentration in feces was determined by atornic
absorption spectrophotometer following dry
ashing and diluting by ten times with 1% lantha-
num chloride solution. Apparent absorption of

calcium was based on [total daily calcium intake

Table 3. Proximate analysis of the experimental diets™
Diet

Moisture Crudcfar Calcum Phosphorus

group

gram/100gram diet
05% CaCO; 6.15 4.80 0.47 0.46
02% CaCO;  6.58 5.01 0.18 0.45
NFDM 6.05 4.84 0.19 0.42
Anchovy 6.20 4.96 0.19 0.46
Tofu 6.53 535 0.18 0.47

1) Values are means of three determinations

(mg) —total daily fecal calcium output(mg)J/to-
tal daily calcium intake(mg).

5. Determinations of fat free dry weight, ash wei-

ght and calcium content of bones.

After 4 weeks of feeding, animals were fasted
overnight and anesthetized by ether. Left legs were
excised and kept frozen at —20C until analysis,
Upon analysis samples were thawed and tissue
was removed by autoclaving. Length and weight
of wel bones were measured. The lipid in tibia
and femur was extracted in Soxhlet apparatus
with diethyl ether for 24h and dried in an oven
at 95C for 24h and stored in a dessicator until
they were weighed. Afterward bones were ashed
in a muffle furnace at 600C for 25h for ashed
bone weights. Bone ash was then dissolved in 10
ml of 50% HCI and diluted with 1% lanthanum
chloride solution for calcium determinaton by
atomic absorption spectrophotometry.

6. Statistical analyses

Data cntry and processing were dome by
SPSS/PC™ for basic statistical analyses. Statistical
significances of the data were analzed by one-way
analysis of variance and the difference among
groups were determined by Duncan’s multiple ra-
nge test. All values were reported as meant SEM,

Table 4. Body weight. daily food intake and food efficiency ratio(FER)™

Diet Initial Final Daily Daily FER?
group body wi(g)  body we(g)  wt gain(g) food intake(g)
0.5% CaCQs(n=5) 68.2F 2.5N8 197.2+ 6.720 47620217 1091 04*  0.44F001P
0.2% CaCO3(n=7) 60.0+1.1 18614542 4.34+0.172 112+04*  0.39+0.017
NFDM{n=7) 7091 1.% 211.5+7.57 5.21%0.26P 13.1£ 04> 0.40%£0.01%
Anchovy(n=5) 71.9% 1.6 216.0+ 9.6° 534+ 0.850 183+0.2>  0.40% 0.02%
Tofu(n=7) 70.7+ 0.9 207.6+ 4.1° 5.07£0.16° 125404 0.41%0.02%

1) Values are Mean* SEM.

2) FER : Food efficiency rato=(Daily weight gain, g/Daily food intake, g)
a,b ! different superscripts within the same column are significantly different by Duncan’s multiple range

test at p<0.05
NS © Not significant
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Results and discussion

1. Body weight gain and Food efficiency ratio

Data for body weight and food intake are
shown in Table 4. The weight gain was lower in
the group fed 02% calcium-carbonate diet than
those of NFDM, anchovy and tofu groups and
there was no significant difference among 0.5%
calcium-carbonate, NFDM, anchovy and tofu
groups. Food efficiency ratios(FERs) were similar
among groups. However FER of 0.5% calcium
with calcium-carbonate, 044, was significantly hi-
gher than that of 0.2% calcium with calcium-car-
bonate, 0.39. These results indicate that dietary
calcium level of 02% did not distinctively restrict
the growth of animals, though either calcium-car-
bonate provided as calcium source or casein as
protein source appear to have reduced the food
intake compared to the other natural dietary sour-
ces of tofu, NFDM and anchovy.

Table 5. Apparent absorption of calcium in different
diet groups?

Diet Ca intake  Fecal caldum  AAC?
group (mg/day)  (mg/day) (%)
0.5% CaCO
B0 0815612 37.141.06° 52.9+ 470
(n=5)
2% CaCO;
0 P25 9084 1.07% 1064068 644+ 2.9°
(n=7)
NFDM
324+ 1.05° 9.2+091* 71.4+3.8P
(n=7)
Anch
nenowy 31.1£0.22* 11.7+1.31* 62.5+4. 1%
(n=5)
Tofu
¢ 88.5L 1.70° 9.8+ 1118 71.0% 7.0
(n=7)

1) Values are Meant SEM

2) Apparent Absorption of Calcium

ab . different superscripts within the same column
are significantly different by Duncan’s multiple
range test at p<_0.05

ns : Not significant

2. Apparent absorption of calcium

Apparent absorption was measured by the dif-
ferences between the total calcium intake and fe-
cal calcium output during the last three days of
this study. There was no significant differcnce in
the apparent absorptions in four different dietary
calcium sources at 0.2% calcium level showing
slightly higher values in NFDM and tofu djet
groups(Table 5). Many previous studies showed
that intestinal absorption of dietary calcium is
limited average of 30% in human adult>!®. Espe-
cially in plant origin foods such as spinach and
soybean the presence of oxalate and phytate are
accused of the drastic reduction in absorption re-
sulting in less than 10% Y. In this study tofu, the
soybean product may have less amount of phytate
than would affect the absorption negatively. Also
the physiological state of rapid growth and margi-
nal level of intake facilitate the high absorption,
62.5—71.4%, observed in the present study. Pre-
vious reports by other investigators showed simi-
1ar?® or higher range'" of absorption cfficiency.

Different calcium sources in this study also dil-
fer in their protein composition such as milk pro-
tein, fish protein and soy protein. Previous studies
indicated that true absorption would be influen-
ced by the kind of dietary proteins by allering
the urinary excretion of calcium!2"22. However
the intestinal absorption was not affected by the
sourcc of protein as shown in Table 5. Pie and
Paik'® also reported that fecal excretion of cal-
cium was not affected by two different dietary
protein sources, meat and soy protein when hu-
man subjects took 600mg of calcium daily.

The amount of calcium intake in 0.5% calcium-
carbonate group was above two fold of other
groups and the fecal output was over three fold.
Accordingly significant decrease in the efficiency
of absorption was observed. It has been known
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that the efficiency of absorption usually increases
with the low level of calcium intake. This tende-
ncy may be facilitated by improved active trans-
port5) and adaptation to the low intake. Similar
physiological adaptation would be anticipated in
the excess intake of calcium. Recent study with
ovarectomized rats there was no difference in total
calcium absorption between 1.06 % level of dictary
calcium and 0.53%'V. Though the authors indi-
cated the supplementation of calcium be benefi-
cial for osteoporosis the data present doubt on
the efficacy of high dose calcium supplementaion

because of their drastic reduction in absorption
efficiency by increased intake.

3. Bone growth and calcium retention in the
bone

The data for bone length, weight and calcium
content of tibia and femur are shown in Table
6. The dietary treatments of different calcium
level and calcium source had no significant effect
on the length of tibia and femur. Though the con-
trol group of 0.5% calcium diet showed a little
longer bone length. Fat-free dry weight and ash
weight of total bone are similar to the values repo-

. Table 6. Weights, lengths, ash weight and Ca contents of tibia and femur from rats fed experimental diets'?

Fat-free Total

Diet Length Wet wt. dry wt. Totl Ash Ca content  BC/DB? BC/BAY

group (an) () () (g (mg) (%) (%)

Tibia

0.5% CaCO® 3.2040.06™ 0.38+0.08°> 0.18+0.01> 0.12+£0.01% 68.70+2.41% 88.36+ 2.67™ 61.06+ 5.18*
(n=5)

02% CaCO® %.06x0.05 027£0.01* 0.14+0.00% 008+0.000 53.71+£1.97* 36.56£1.19 64.71+4.49%
(n=7)

NFDM

(n=7) 3.07£0.08 02710028 0.14*£0.01 0.07+£0.00° 56.71=3.55% 39.66+1.94  79.96% 5.59°
n:

Anchovy

(n=3) 3.10£0.03  030+0.02® 0.16+0.01®7 0.09+0.01*> 62.20+35.11> 38.00+1.13 73.60+ 5.192
n:

Tofu L : : b
(n=7) 3.06+0.06 0.34+0.02> 0.14+0.01* 0.08+0.01* 52.79+2.26* %9.34+2.08  68.27+ 5.45
n=

Femur

0.5% CaCO® 2.75+0.04N5 0461 0.04F 0.21+0.02° 0.13510.01° 78.80+2.55° 38.60%+ 249N 60.44+4.592
(n=5)

02% CaCO? ) _ _ _

(n=7) 2.61+0.04 0.35£008° 0.17+0.01* 0.10+0.00* 61.21+1.61* 36.06+1.46 60.78+2.75

NFDM b b al

(n=1) 2.55+0.07 0.87+0.02% 0.18+0.01® 0.10%0.01*> 64.14%8.554 36.83+ 1.58  66.44+ 3.09
n—

Anchovy b b -

(=) 2631004  0.39+0.01% 0.1940.01% 0.1010.012 69.60+ 287" 8596+ 0.96 71.42+ 1.89
n:

Tofu b b b

(n=7) 2632006 042+001> 0.18£0.01% 010£001* 62.07£171% 36.07£258 65.31+4.28
n=

1) Values are Mean+t SEM

2) Total Bone Calcium(mg)/Defatted Total Bone Weight(mg) X100
8) Total Bone Caldum(mg)/Total Bone Ash(mg) X100
ab ! different superscripts within the same column are significandy different by Duncan’s multiple range

test at p<0.05
NS : Not significant
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rted in previous studies!?198) However the total
calcium content of both bones, 52~69mg for tibia,
61~79mg for [emur are somewhat greater than
others, 44~64mg for tibia!®, 44~ 58mg for femur
12, and the cause of this variation is uncertain.
The amount of calcium and ash in the whole
bone appears to respond either to the dietary cal-
cium sources or levels(Table 6). Fat-free dry wei-
ghts of tibia from 05%
NFDM and anchovy diet groups and those of

calcium-carbonate,

femurs from 02% calcium diet groups were not
significantly different. Ash content of tibia and
femur did not differ significantly among experi-
mental calcium sources, however they appear to
respond to the total amount of calcium absorbed
as showing high ash deposition in 0.5% calcium
group.

More than 99% of the calcium in the body is
present in the bone mass. Thus calcium content
in the bone could serve as an indicator of dietary
calcium availability, rather valid than apparent
absorption of calcium. The limitation would be
some different responses among bones presuma-
bly because of their different growth spurt and
the importance of body maintenance. The cal-
cium content in two different bones in this study
showed complex response(Table 6), but it can
be said that 02% level of dietary calcium is mar-
ginal for bone growth when the calcification pro-
cess was evaluted as bone ash and calcium con-
tent rather than the length of bones. Anchovy
appears to provide more readily available calcium
for bones. And higher calcium intakes up to opti-
mum intake(0.5%) induce higher bone calcium
deposition as shown in many studies!>2". Recent
reports demonstrated the histoiogical evidence for
bone development with various calcium sources
either dietary or supplements and argued the
bioavailability!®!». Previous study by Kim et
al.’® showed that the source of protein affected

bone calcium and ash deposition. In their study
cascin, white fish protein and gluten were cxami-
ned and showed casein was the most effective
one in bone ash deposition in growing rats, which
is contrary to the present study. It is difficult to
draw any conclusion from these data whether ca-
sein is better source than fish protein or soy pro-
tein for bone calcification.

To eliminate any effect of diets on other com-
ponents of bone, the total bone calcium content
(BC) as percentage of fat-free dry weight(DB)
or ash(BA) was uscd for the bioavailability of
dietary calcium'®. The values for BC/BA and
BC/DB in this study are 60—80% and 36~40%,
respectively and they are greater than others sho-
wing under similar experimental conditions 38~
40% for BC/BA'Y and 24~26% for BC/DBI?,

Table 7. Relative bicavallability of calcium found in
bones from various calcium sources?

Diet Normalized Relative
group value?) bioavailability*
Tibia
0.5% CaCO;
(n=5) 36.54+ 1.86°7 51.8%2
02%
CaCOs 2058+ 177, 100.0% ¢
(n=7)
NF
PM 61.81+ 3.30° 87.6%P
(n=7)
Anchovy 66.35% 2.80b 94.0%b¢
(n=5)
Tofu 63.38+ 3,295 89.8 % bc
(n=7)
Femur
0.5% CaCOs ) gy g2 50.8%2
(n=5)
02% CaCls 4o 594 319¢ 100.0 %¢
(n=7)
NFDM 69.95+ 3.945 84.9%"P
(n=7)
A“Ci‘o"y 74,18+ 2.02b¢ 90.1%be
(n=35)
Tolu 74.764 8.70b¢ 90.8% be
(n=7)
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This discrepancy seems mainly due to higher total
calcium content of bone as mentioned above. Va-
lues for BC/BA in tibia shown in Table 6 indicate
NFDM is superior to other experimental calcium
sources and calcum-carbonate is the inferior one.
On the other hand, values for BC/DB and BC/BA
in femur showed no difference upon calcium sou-
rces and levels. This may indicate the validity of
these criteria and selection of the bone to repre-
sent whole body boncs need further examination.

4. Relative bioavailability

Other reports on calcium bioavailability sho-
wed much difference in food intake due to diffe-
rent calcium source and they utilized normalized
value to evaluate bioavailability'®’. Normalized
value(NV) was obtained by dividing tibia or fe-
mur calcium(mg) by total calcium intake(g) to
correct the differences in calcium intakes among
diet groups. Relative calcium bioavailability was
determined by arbitrarily setting NV of 02% cal-
cium-carbonate at 100%. The relative BV(RBV)
for tibia and femur were 100%. 100% for calcium-
carbonate, 87.6%, 84.9% for NFDM, 94.0% . 90.1%
for anchovy and 89.8%, 90.8% for tofu, respecti-
vely. There was no significant difference in RBV
among 0.2% calcium-carbonate, anchovy and tofu
calcium and they were higher than RBV for
NFDM. In agreement with this study, the study
of Poneros and Erdman'® also showed the RBV
of tofu(107%) was significantly higher than that
of NFDM(95%), and those of tofu and cal-
cium-carbonate(100%) were not different. Fiber
content and phytic acid presence in soy products
have been one of the concern that may inhibit
the availability of calcium. The results of present
study and others indicate that calcium-sulfatc or
calcium-carbonate precifitated tofu provides hi-
ghly available calcium rather superior to the cal-
cium in NFDM. This may partly due to the bene-

ficial effect of plant protein than animal protein
in the aspect of calcivm balance as reported by
Pie and Paik®”,

While some values for calcium bioavailability
within the same experimental source are variable
in different bones, it may be due to different rate
and time of bone growth in tibia and femur. It
can be concluded that all tested products in the
present study are highly bioavailable calcium
sources. Of particular interest is that calcium from
anchovy and tofu are readily available for the
deposition of calcium in bones. Tofu and anchovy
are used widely in daily meal preparation, thus
sufficient consumption of these foods and cal-
cium-enriched soy products as tofu and soy milk
can be an important contributor for the calcium
nutrition for the individuals who avoid dairy pro-
ducts because of lactose intolerance, food habit,
and concern for hypercholesterolemia.
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