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Abstract

Calcium absorption of standard milk is influenced by types of fat, other than types of
calcium salts, vitamin D, PTH hormone, etc. However, calcium absorption on different fat
content, particularly on milk, has not been reported. The purpose of this study was to
determine the effect of the fat content of milk on the absorption of calcium carbonate and
calcium phosphate mixture in rats. Experiments were conducted using 24 male Sprague
Dawley rats fed with low-fat milk (0.5% fat), high-fat milk (26% fat), standard milk (8%
fat) and without milk for three weeks. Amount of feed consumed, feces and urine samples
were collected to determine the amount of absorbed calcium for five days in the third
week. Calcium content in the samples was analyzed using AAS (Atomic Absorption
Spectrophotometry). The results showed that there were no difference in calcium
carbonate and calcium phosphate absorption among rats fed with low-fat milk, high-fat
milk and standard milk. The calcium absorption level from milk reached an average of
around 98.67+0.22%. The absorption level of calcium carbonate and calcium phosphate
mixture from milk was higher than control rats that were not fed with any milk. Fat
content in milk did not affect the absorption of calcium carbonate and calcium phosphate
mixture, but the milk consumption could increase the calcium absorption, compared to
control.

1. Introduction

Milk is a nutritious beverage that is required by

pH, protein, fat, the presence of oxalate or phytate
(Muchtadi et al., 1993; Almatsier, 2004) and the
presence of lactose in milk (Abrams et al., 2002).

human during their growth period (Miller et al., 2007;
Brown, 2011). The nutrient content of milk is higher
compared to other food products, particularly its calcium
content (Spungen, 2005; Hayes and Rachel, 2009;
Hardinsyah and Wirna, 2010; Utama, 2011). High
calcium content in milk made this product is
recommended as a beverage to fulfill the requirement of
calcium in the human body (Shinya, 2001).

Calcium required by the body is non-bonded
calcium, soluble and in its ionic form so that it can be
absorbed by the body (Allen, 1984). Calcium absorption
inside the body is also influenced by the presence of
Vitamin D and iron (Masri, 2011), synergistic action of
vitamin Dj and parathyroid hormone (PTH) (Hoenderop
et al., 2005), the ratio between calcium and phosphorous
(Ayed dan Thannoun, 2006), the form of calcium salts
(Howard et al., 2013), nano calcium (Park et al., 2007),
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One of the factors that can influence calcium
absorption is the types of fat of the food products. On
standard fat content, Kelly et al. (2003) reported that
PUFA n-6 linoleic acid from plants could increase
calcium absorption compared to PUFA n-3 from the
animal. Moreover, Lutz and Scharrer (1991) showed that
short-chain fatty acids could also increase calcium
absorption, as well as medium-chain triglycerides
(Agnew and Holdsworth, 1971). Therefore, calcium
absorption can be increased with the presence of those
types of fat. On the other hand, Jacobsen et al. (2005)
showed that the presence of fat could increase the
calcium content in feces (fecal fat extraction), which
means there was a decrease in calcium absorption due to
the presence of fat. Total of trans fat, saturated fat,
monosaturated, polyunsaturated (Alomaim et al., 2019)
and long-chain triglycerides (Agnew and Holdsworth,
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1971) could decrease calcium digestion. Gacs and
Barltrop (1977) reported that stearic acid and hexanoic
acid could decrease calcium absorption because of
calcium-binding by undigested fat in the body. A similar
finding was also reported by Bendsen et al. (2008), who
stated that calcium content in feces increased with the
increase of fat content in feces. According to Muchtadi et
al. (1993), the presence of fat would decrease calcium
absorption, associated with an increase in fat transit time
in the digestive tract.

Correlation between fat and calcium can also apply
vice versa, i.e. absorption of fat is influenced by calcium.
Lorenzen et al. (2007) and Jacobsen et al. (2005)
reported that increase of the amount of calcium
consumed could reduce fat absorption, but if the calcium
consumption is low, then it has less effect on fat
absorption (Alomaim et al., 2019). In case of type-2-
diabetic rats, Umami et al. (2015) reported that rats fed
with milk powder with optimum calcium and Vitamin D
content and high-fat feed, there was no increase in blood
serum HDL, which means there is no increase in fat
absorption. However, the effect of high-fat feed on
calcium absorption is still unknown.

Based on its fat content, milk can be categorized into
low-fat milk (1% fat), high-fat milk (>14% fat) and
standard milk (4-13% fat) (Miller et al., 2007; Belitz et
al., 2009). Moreover, milk is considered as a potential
source of calcium for the body. Milk is also considered
as the caseinate protein source. According to Jacobsen et
al. (2005), protein can help calcium absorption.
Therefore, research is required to study the effect of fat
content in milk on calcium carbonate and calcium
phosphate mixture absorption and to determine the best
fat content in milk that contributes to the highest calcium
absorption.

2. Materials and methods
2.1 Materials and equipment

The research about calcium carbonate and calcium
phosphate mixture absorption from milk on male
Sprague Dawley rats was conducted in Animal Testing
Laboratorium PAU Food and Nutrition, Gadjah Mada
University, Yogyakarta.

The main materials used were milk powder with
various fat content, i.e. low fat (0.5 g fat per 30 g serving
size), standard milk (3 g fat per 30 g serving size) and
high-fat milk (9 g fat per 30 g serving size), which were
obtained from PT. Nutrifood Indonesia. Types of
calcium used were the mixture of calcium carbonate and
tricalcium phosphate (1:1). Type of fat used was milk fat
(cream). The supporting materials were water for rats,
standard feed for rats that were prepared at PAU Food
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and Nutrition Laboratorium, Gadjah Mada University,
with composition mentioned in Table 1.

Table 1. Nutritional content of the standard feed

Parameter Feed
Moisture content (%) 12

Ash content (%) 3.97
Protein content (%) 13.8
Fat content (%) 6.17
Crude fiber content (%) 4.38
Total calcium content (%) 1.49

The equipment used for research were 7 week old
male Sprague-Dawley rats with bodyweight of
210.66+7.25 g, 24 modified metabolic cage and probe.
The equipment used for analyses were mortar and pestle,
bowl, spatula, ashing dish, Mohr pipette, dropping
pipette, serological pipette, volumetric flask (Iwaki
Pyrex), measuring cylinder, reaction tubes (Schott
Duran), Whatman no. 42 filter paper, oven (Memmert),
dessicator (Schott Duran), furnace (Memmert), analytical
balance (Mettler Toledo AB204-S), Kjeldah tubes
(Buchi), yarn, Soxhlet (Schott Duran), boiling flask,
rotary evaporator (Buchi R124), heater (Thermo
Scientific) and Atomic Absorbance Spectrophotometric
(AA-7000 Shimadzu).

2.2 Research method

This experiment has obtained Ethical Clearance No.
1141/II/LPPM-PM.10.05/11/2014. In this research, 4
treatments were used, i.e. administration of low fat (0.5 g
fat per 30 g serving size), standard milk (3 g fat per 30 g
serving size), high-fat milk (9 g fat per 30 g serving
size), and feed without milk on 7-week-old male Sprague
Dawley rats with average body weight of 210.66+7.25 g.
This experiment used 6 replications (6 rats) for each
treatment and was done for 5 days consecutively. All
data were analysed using ANOVA with SPSS version
16.0 software.

In the beginning, rats were adapted for 1 week with
standard feed with composition mentioned in Table 1.
After the adaptation period, 24 rats were divided into
four groups of treatment, i.e. a group of rats fed with low
-fat milk, a group of rats fed with standard milk, a group
of rats fed with high-fat milk, and a group of control rats
which were fed only with standard feed. The amount of
milk-fed was based on rats’ daily calcium needs. Milk
was given parenterally using probes at 8 AM with the
amount mentioned in Table 2. During the experiment,
rats were fed with standard feed and drink ad libitum,
and the amount of feed and drink consumed each day
was also calculated (Widodo and Edy, 2006; Nugraheni,
2012). This experiment was conducted for three weeks.
At the end of week 3, the amount of feed consumed,
feces and urine samples were taken from all rats for 5
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days (Park et al., 2007; Utaminingrum, 2011).

Table 2. Type of milk and the amount of milk given per day

Type of milk The amount of milk/water
Low-fat milk 0.664 g/4 mL
Standard milk 0.640 g/4 mL
High-fat milk 0.638 g/4 mL

2.2.1 Calcium analysis and its absorption

Calcium analysis was performed on rats feed, water,
milk, feces and urine samples. Calcium analysis includes
destruction preparation of solid samples, urine analyte
and calcium content analysis.

The preparation of sample destruction was based on
a method used by Moreno-Torrese et al. (2000), Zafar et
al. (2003), Ayed and Thannoun (2006) and Petrovich et
al. (2007). On solid samples such as feed, milk and
feces, drying and ashing at 550°C were done until
samples become white ash. Ash samples were added
with several drops of concentrated HCI. Dilution was
done using 50 mL volumetric flask, followed by
filtration using Whatman no. 42 filter paper. The filtrate
was then stored in a sample bottle.

Urine analysis preparation was based on a method
used by Yoshida (2011). Urine samples were diluted by
adding 0.2 mL of 0.1M HNO;. The solution was then
kept overnight. After that, the solution was added with
aquadest until the volume reached 1.5 mL.

Quantitative analysis of calcium was performed
using AAS at Faculty of MIPA, Gadjah Mada
University, based on a method used by Vogel (1990),
Silvia (2010), Ayed and Thannoun (2006). Before the
samples were analyzed using AAS, a standard curve was
prepared using calcium standard with wavelength of
422.7 nm.

The concentration of sample was calculated based
on its absorbance value using standard curve equation.
The calcium content from concentration result can be
calculated using formula:

CxV 1000 mg
=——X
BSx 10° 1g

Calcium content (%)

Where C = concentration (ppm); V = volume of sample
solution (50 mL); and BS = weight of sample (g).

Calcium absorption was calculated using formula:

Calcium intake — removed calcium

x 100

Calcium absorption (%) = Calciom intake

The amount of calcium intake is the amount of
calcium that is consumed from the standard feed, milk
treatments and water. The removed calcium is the
amount of calcium that is excreted together with feces
and urine.
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2.2.2 Data analysis and Interpretation

The research data were analyzed using SPSS version
16, which includes data homogenity test, analysis of
variance (ANOVA) and Duncan post hoc test.

3. Results and discussion
3.1 Characteristic of milk, feed and drinking water

At the beginning of this research, proximate analyses
and total calcium content analysis were performed on
ingredients that would be fed to the rats during the
research, i.e. milk powder, standard feed and drinking
water. The results are shown in Table 3.

Table 3 shows that fat content on milk powder used
was in accordance with Miller ef al. (2007) and Belitz et
al. (2009), i.e. low-fat milk contains less than 1% fat,
standard milk contains fat content of 4-13% and high-fat
milk contains more than 14% fat. Moreover, the fat
content of the standard feed was 6.02%, also in
accordance with fat content in Table 1.

Table 3 also shows the presence of calcium in milk,
standard feed and drinking water. The amount of calcium
from each ingredient was used to calculate the amount of
calcium intake by rats on the day of sampling. The
amount of feed consumed was based on Hardiningsih
and Nurhidayat (2006) who stated that a healthy rat
would consume feed at about 5% from its body weight.
Thus, calcium absorption on rats is not influenced by
rats’ health condition.

3.2 The effect of the fat content of milk powder on
calcium absorption

The amount of calcium absorbed was calculated
from the amount of calcium intake (from feed, milk
powder and drinking water) and the amount of calcium
that is removed through feces and urine. ANOVA result
showed that the day of sampling and interaction between
the day of sampling and types of milk did not give any
significant effect (p>0.05). However, types of milk gave
a significant effect on calcium absorption (p<0.05).
Results of post hoc test using Duncan can be observed in
Figure 1 and Figure 2.

Calcium absorption that was not significantly
different during 5 days of observation (Figure 1)
indicates that on week 3, the calcium absorption process
was stable enough to obtain the absorption data. Calcium
absorption level from milk, on average, reached
98.594+0.22% and can be categorized as high absorption
level. High absorption level might due to the age of rats
that were still on the growth period. It is supported by
Nixon and Aidong (2011), who reported that during the
growth period, high calcium level is required, therefore it
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Table 3. Proximate composition, total calcium content of feed, milk powder, drinking water, and amount of feed consumed by

rats
Component Standard feed LOW-fat milk  Standard milk - High-fat milk Drinking water
powder powder powder

Water (%) 12.29+1.36 4.40+0.28 4.80+0.014 4.90+0.00 -
Ash (%) 3.99+0.48 9.06+0.01 9.33+0.01 7.64+0.26 -
Protein (%) 19.38+0.46  30.06+£0.54  26.36+0.64  21.16+0.11 -
Fat (%) 6.02+0.02 0.50+0.00 8.00+0.26 26.82+0.71 -
Carbohydrate (%) 59.64+£2.62  55.97+0.27  51.50+0.77  39.49+0.56 -
Total calcium (mg/g) 27.60+1.40  32.80£1.50  31.97+1,60  36.40+1.82  0.04+0.002
Amount of feed consumed/day/100 g body weight 4.20+0.20 4.72+0,47 4.45+0.51 4.84+0.49 -

= 120,00 - —~ 100.00 -

g < 9950 -

S 10000 { — — — 1 § 99.00 -

= o © © @ o = ' o o o
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Figure 1. Calcium absorption from milk in the third week. Figure 2. Calcium absorption based on types of milk.

Different superscript letter between bars indicate significant
difference at o =0.05

would influence the calcium absorption. Thus, Black et
al. (2002) mentioned that if children during their growth
period do not consume milk, it will retard the growth of
body, in terms of height, and disruption in bone’s health.

Figure 2 shows that calcium absorption in control
rats (which was not fed with any milk) was significantly
lower compared to rats that were fed with milk (p<0,05).
Higher calcium absorption due to milk consumption
indicates that milk consumption could give positive
effect or could increase the calcium absorption. This is
due to: 1) protein and fat content in milk, which
Muchtadi ef al. (1993) and Almatsier (2004) mentioned
that calcium absorption is influenced by protein and fat
content; and 2) calcium form in milk is organic calcium,
as mentioned by McSweeney and Fox (2009) and Brown
(2011), which organic calcium is more easily absorbed
compared to inorganic calcium (Bhanderi et al., 2010).

Figure 2 also shows that fat content in milk did not
significantly affect the calcium absorption level
(p>0.05), which reached 98.67+0.50%. This means
calcium absorption from milk is still high despite the
high, medium or low-fat content of milk. High calcium
absorption might be related to rats’ growth period which
requires high calcium and energy because the rats used
in this experiment were only 10 weeks old when
sampling was performed, and calcium absorption data
were collected. Smith and Mangkoewidjojo (1987),
Malole and Pramono (1989) mentioned that puberty
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period of rats was 6-8 weeks, rats will become mature
and ready to be inseminated when they are three months
old (12-13 weeks).

Although low-fat milk, high-fat milk and standard
milk have calcium absorption that was not significantly
different, they can give different effects on health. The
research conducted by Holmberg and Thelin (2013) and
Kratz et al. (2013) showed that dairy products with high-
fat content contribute to bad effects on health because
they can cause obesity and coronary disease. Dairy
products contain saturated fatty acids, such as palmitic
acid, stearic acid and trans-fat that can cause an increase
of fat content in blood when consumed excessively.
Based on their effects on health, low-fat milk contains
lower saturated fats. Therefore, it can be a healthier
choice compared to high-fat milk (Benatar and Ralph,
2014).

4. Conclusion

Milk consumption could increase the absorption of
calcium carbonate and calcium phosphate mixture of
foods. The increase of fat content from low-fat content to
high-fat content did not increase the calcium carbonate
and calcium phosphate mixture absorption. Calcium
absorption from milk was still high, which was about
98.67+0.50%.
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