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The Effect of Dietary Calcium and Vitamin D Levels on Mineral Metabolism in Rats Fed
a Diet Containing Powdered Skim Milk
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Dept. of Food & Nutrition, Hanyang University, Seoul 133-791, Korea
*Seoul Milk Cooperative, Seoul 131-861, Korea

Abstract

The purpose of this study was to investigate the effect of calcium (Ca) and vitamin D (vit. D) levels on metabolism
of various minerals such as Ca, P, Mg, Fe, Zn, Cu, and Cr. The comparison was made on the rats that were placed on
diet containing powdered skim milk with different Ca and vit. D levels for 5 weeks. A total of 42 5-week-old Sprague-
Dawley rats were divided into 7 groups as follows: Control group consisted of normal Ca and normal vit. D (0.5% Ca,
1,000 IU vit. D); Experimental groups were divided into low (0.25%) and high (1.0%) calcium levels; and vit. D group
was divided into low (10 IU), normal (1,000 IU), and high (5,000 IU) subgroups. The weight gain and food efficiency
ratios of the rats were not significantly different with increasing dietary Ca levels. The absorption rates of 7 minerals (Ca,
P, Mg, Fe, Zn, Cu, and Cr) were significantly decreased with increasing dietary Ca levels. Also, fecal excretion of P
significantly increased with increasing dietary vit. D levels (p<0.05), and urine excretion of Fe was significantly increased
with increasing dietary vit. D levels (p<0.001). The result indicated that higher Ca intake affected on bioavailability of other
minerals, due to interactions among minerals in the process of intestinal absorption. However, vitamin D intake had no
effect on bioavailability of several minerals. Therefore, it could be suggested that adequate Ca intake is important for balance
of the minerals.

Key words: calcium, vitamin D, mineral metabolism, absorption rates

M B2 Hit A3 8)E-2 57.9%0]| Itk Korea Centers for Disease Control

and Prevention[KCDC] 2011). €133} AFkglo] ot 14 o4

e e AL, 25 2 439 7lsx24, €9 & BE FolA Zed TS IAe AAAHTY 78.8%,

I 5 AWdA R A 2ds 9the 24 FYAKm 5 ARt BEAAAFY 69.0%= HFJst thE B FEao
7

200601 FH=2le] ZdE HFH o2 W2 Holth A H|3f| o9 W2 vl&=2 3 skar JITHKCDC 2011). Im -5(2013)
12-184] B oo 19 B BYFS WA 000-1000 o FUAZGAGEA A7 Aol elstu Hao] s
mg, &A} 800~900 mgo]| ™ (The Korean Nutrition Society[KNS]. A} 71.6%, A&} 79.1%)7F BAAH & Ht g B3]

2010), 20109 R AZYFEAL BIAS] ot Fade] A QA= Aew AT Tt AR 5AES B

TCorresponding author: Sang Sun Lee, Dept. of Food & Nutrition, Hanyang University, Seoul 133-791, Korea. Tel:
+82-2-2220-1206, Fax: +82-2-2220-1856, E-mail: leess@hanyang.ac.kr

- 570 -



Vol. 27, No. 4(2014)

Fo2 ol W FAYY B4 B4 M= ek 9
o, Kim $(2010)9] A0 o5t 274 GFuEa 5
#9 HB o] 664%2 7MY B Ao AEYT 24
o Frge BE HIFH Frgol vAL 76k G

>m‘,‘£ lo

of 9L WL 5 glon, B3t o] B AF =3 g2
g FLo FFE AT = YolA 2 AFolAe Z
|3 7 7718 2k 28] fisf AuE oE A7
pdslste] 2} el D 250 w2 24 9 7|E 7]

Ao F5&) vA e FFS 2ARBELAL ST

20 2 FUAZL 2= aF olo] FAEFHF
HAZ =0 AZ0]thKCDC 2011). 4L FY4EL &
3 FaHs Aol 7P AN AgHolv 34 5 oy o]
T2 AAZRE dast 243 FEH *dﬁo}Zl %3171
T gty 2888 593 vla Follie Zeol A3tEe A
Eo| fjutct &3] Frbstar glow, Lol ol
T thokdt 2 A E oy Zh<s EEA|(Chang SO 1998)7}

AFEI ek g Aol F&0] 30% ofsto|lEz
st Do) Pt A 0|8 gl D Fhom
ol =93t AAQ9lo] "}l Zr40] 482 CaPr| 1-2:1

8w A wed, 940 $ATEE 23t 2] vigol
2:12 AASH] T-8-Eo] Qo] A calcium carbonate Xt} I
o] ol AAFTS FFA7I710 2 2w HI¥9e
2 o] AR tHAvioli LV 1988). Z49] AF|go w2 o2

J1405] o) o] B 7 o] sk, 245 A7) 57}
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2 Qo] ALgE Aol 7R oE ANSIGE Zs)
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S THTable 1).

AIN93G AJolo] B 25-8 7+ o] 230 2 B3I
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Table 1. Composition of experimental diets (g/kg diet)
Ingredientsl) CON LCLD LCND LCHD HCLD HCND HCHD
Powdered skim milk 230 230 230 230 230 230 230
Casein 115 115 115 115 115 115 115
L-Cystine 3 3 3 3 3 3 3
Corn starch 372 372 372 372 372 372 372
Malto dextrin 112 112 112 112 112 112 112
Cellulose 50 50 50 50 50 50 50
Soybean oil 70 70 70 70 70 70 70
t-Butyl hydroqunone 0.014 0.014 0.014 0.014 0.014 0.014 0.014
Choline bitartrate 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Mineral mixture 35 35 35 35 35 35 35
Vitamin mixture 10 10 10 10 10 10 10
Mineral components
Total Ca 5 2.5 2.5 2.5 10 10 10
Whey Ca 2.5 0 0 0 7.5 7.5 7.5
Powdered skim milk 25 2.5 2.5 25 2.5 2.5 2.5
Vitamin components
Vit. D; (IU) 1,000 10 1,000 5,000 10 1,000 5,000

D Experimental diet were based on AIN-93G composition. The amount of casein 85 g, corn starch 25 g, maltodextrin 20 g, sucrose 100

g are removed from the diet to add powdered skim milk 230
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1. AE 712, AR dFE A A0 22 FAFE AEsted, 21 w9 44 Ca, P, Mg, Fe, Zn, Cu,
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< o] FEAHEA S| BHlawFt A= Table 40 A|AISHETH
DO| MF =0l ME F7I12 HF ZF 2o "if Y e 771 el dee] A3 eEl
A vpAE Q1 53 A% O ofsf gt 2kel 7 et H(p<0.001), 13t vk
7717441 Ca, P, Mgt w]F77]Ee1 i W e AdF WE D A ol AsiM = ot 2
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Table 2. Weight gain, food intake, FER in experimental rats fed various levels of calcium and vitamin D

LC HC P values”
CON Cax

LD ND HD LD ND HD Ca Vit D
Vit. D
Fmal(;)velght 439.547.0°0)  470.6£7.4°  481.8422.2° 495.8+182°  454.6+9.6° 454.0+11.8° 4453128 0009 0841 0.450

Weight gain a b b b a a a

dayy | SIS0 665015 6994048 728:043  620:021' 630034 605:033" 0008 0794 0403
Foz’gd/(;;;;lke 22.10:0.64 2415£051 2348:094 2490+1.13  23.60:040 2329+030 23.35:038 0.129 0541 0.586
FER? 0270.01°  028+0.01°  030:0.02°  030:0.01° 027£0.01° 027+0.01° 026:0.02° 0034 0451 0474

Abbreviations: CON, control (Ca 0.5%); LC, low calcium (Ca 0.25%); HC, high calcium (Ca 1.0%); LD, low vitamin D (vit. D 10 IU);
ND, normal vitamin D (vit. D 1,000 IU); HD, high vitamin D (vit. D 5,000 IU); FER, food efficiency ratio

D Statistical significance was calculated by one-way ANOVA, ? Values are mean+S.E.

3 P values by two-way ANOVA, ¥ Weight gain/food intake

Table 3. Mineral intakes of experimental rats fed various levels of calcium and vitamin D (mg/day)
LC HC P values"
CON . Cax
LD ND HD LD ND HD Ca Vit D _.
Vit. D

Ca 111174509  57.1243.10°  57.53£1.68"  60.85+2.01° 265.83+3.63° 262.33+5.04° 263.17+4.88° 0.000 0.857 0.709
P 70.72+2.04 77274163 75.1443.00  79.6943.60  75.51+£1.28 74524096  74.73£1.20  0.129 0.541 0.587
Mg  11.05+0.32 12074026  11.74+047 1245056  11.8040.20  11.64+0.15  11.67+0.19  0.130 0.542 0.588
Fe 7735042230  845.13£17.85 821.85+32.78 871.63£39.32 825.83+13.94 815.03+10.51 817.32+13.10 0.129 0.541 0.586
Zn  662.99+19.11  724.40+15.30 704.45£28.09 747.10+33.71 707.86£11.95 698.61£9.00  700.57£11.24 0.129 0.541 0.587
Cu 132.6043.82  144.8843.06 140.89+5.62 149424674 141.574239 139.72+1.80 140.12+225  0.129 0.541 0.586
Cr 22.10+0.64 2415051  23.48+0.94  2490+1.13  23.60£040  2329+030  23.52+0.35 0.144 0475 0.666

Abbreviations: CON, control (Ca 0.5%); LC, low calcium (Ca 0.25%); HC, high calcium (Ca 1.0%); LD, low vitamin D (vit. D 10 [U);
ND, normal vitamin D (vit. D 1,000 IU); HD, high vitamin D (vit. D 5,000 IU)

D P-value by two-way ANOVA, ? Values are mean+S.E.

%) Values with different letters in the same row are significantly different at p<0.05 by one-way ANOVA with Duncan's multiple range test.
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Moo 243} et Do) ABAE] JHHE §o3 % HCZolA 7H Wtthp<0.05). E& LCZelA Hlehel D A
ol7} LhebgEkp<0.001). 2 Szl T UL me Aok, okdo] WS HD
7 27t g ) B WAse QeuaRez b ZolX olshA S5 Athp<0.05).
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L TS oF 6] Z7LSHATHp<005). W hAle BRo]  HjAIR

Sl olah mhaule) WA ER LCZ, CONZ HOZO & 24t vlehel D A3 So] 29 ) £713 ] u)
A2 249 47 s20] F7H84S G5 70190 A 9T o YRARNT FT: Table Sofl AAIHALh
u, HoZol A 1 vlebel DE J3% HDZO) 3t mpadle 24 A3 $20] 29 ) BE 5729 ihlepe] 5942

o] wjdwFe] LDz NDzofl ®l3] f23tA S7tstet VF= A= ALE YERE 2 (p<0.001), H]EFR D2 4
(p<0.05). v=F 71291 FE, ofq, 2] midF2 2w F el A%t avte e, 9l RN o a3t u
M Fero] Z71ata2 iy U] Wl o] Zostgon, v, ERGTHp<0.001, p<0.01, p<0.001). =3t Z<3} vleq Do

A5 e AFHFel 7 A2 LCEolA 7H =% F3AGol iRk RoRk Zol= <l AR, A5 a1 W )
Table 4. Fecal excretions of minerals in experimental rats fed various levels of calcium and vitamin D (mg/day)
LC HC P values”
CON . Cax
LD ND HD LD ND HD Ca Vit. D _ .
Vit. D

Ca 66.95£136™Y  27.65+0.63*  29.62+0.72°  29.44£1.16* 176.41£2.50° 172.3242.70° 175.30+3.18° 0.000 0.765 0.325
P 272141.05° 3.94+0.23" 3.90+0.20°  4.83+0.11°  47.36+125° 49124132 5247+236° 0.000 0.048 0.223
Mg  5.38+0.44° 3.86:0.24*  3.23+0.12° 32240.05°  6.64+023°  6.76+0.23° 7.85+1.16°  0.000 0.000 0.000
Fe 416.38+11.67° 323.52+6.89° 289.28+7.08" 306.68+4.80™ 600.25+6.04' 601.67+13.48" 577.37+14.02° 0.000 0.111 0.085
Zn 45329+13.28°  349.55+7.06" 336.61+18.77° 388.1817.79° 591.04+11.08% 585.67+5.09° 582.56=7.82° 0.000 0.165 0.076
Cu 629543.70°  62.95+2.20°  49.80+6.34"  52.49+1.83®  88.05£1.68°  87.01+4.55  89.82+2.88° 0.000 0.751 0.999
Cr  3.06£0.37° 3.41+0.12° 3.57+0.21° 3.55+0.23° 2.42+021° 291+020°  2.96+026® 0.002 0279 0.670

Abbreviations: CON, control (Ca 0.5%); LC, low calcium (Ca 0.25%); HC, high calcium (Ca 1.0%); LD, low vitamin D (vit. D 10 [U);
ND, normal vitamin D (vit. D 1,000 TU); HD, high vitamin D (vit. D 5,000 TU)

D P-value by two-way ANOVA, ? Values are mean+S.E.

% Values with different letters in the same row are significantly different at p<0.05 by one-way ANOVA with Duncan's multiple range test.

Table 5. Urinary excretions of minerals in experimental rats fed various levels of calcium and vitamin D (mg/day)
LC HC P values"
CON . Cax
LD ND HD LD ND HD Ca Vit. D Vit D

Ca  0.36+0.09°%  0.21£0.06° 0.37+0.29° 051031  0.53£0.37° 0.91+0.43¢ 0.87+0.30°  0.000 0.000 0.094
P 5324018 8.49+0.53¢ 8.01+0.45¢ 6.32+0.11° 3.49+0.32° 3.89+0.28" 3.73+0.13*  0.000 0.007 0.003
Mg 1.51£0.04% 1.58+0.03¢ 1.70+0.06* 1.58+0.07 1.21+0.11° 1.10£0.25° 0.74£0.06*  0.000 0.062 0.127
Fe 10.98+0.35 6.98+0.28° 7.78+0.12° 10124038 11.12+0.34°  10.43£0.28°  18.28+0.83°  0.001 0.000 0.000
Zn  9.89+1.80° 8.85+1.52°  11.52+0.83"  9.28+0.77°  20.34£0.66°  18.55t133°  19.11+1.51> 0.000 0.804 0.223
Cu  3.18£041° 3112045 293+041°  2.89+0.10°  3.89+0.08"  4.49+0.44°  3.86x0.07° 0.001 0.594 0.476
Cr 11.01x027° 8.700.28° 8.8240.13"  10.35:0.22°  18.10£0.69°  16.72+0.50°  17.07£0.33%  0.000 0.059 0.005

Abbreviations: CON, control (Ca 0.5%); LC, low calcium (Ca 0.25%); HC, high calcium (Ca 1.0%); LD, low vitamin D (vit. D 10 IU);
ND, normal vitamin D (vit. D 1,000 IU); HD, high vitamin D (vit. D 5,000 IU)

D P-value by two-way ANOVA, ? Values are meantS.E.

% Values with different letters in the same row are significantly different at p<0.05 by one-way ANOVA with Duncan's multiple range test.
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AgFo] A UERGTHp<0.01, p<0.001, p<0.01).

ZF 23t 2 Y 771289 widgs YRR Ao b
W A}, 2o w2 LCLDIoA 71 23kas, HOND
w3 HCHDZO A 718 & UebdtHp<0.05). o= HIEHl
D AF &0l 2w 4 714 9FL v 2H=
HojXiot. a2y 919 v i o o] i@ o
27 HCF9 v d#o] 718 Wokal, LCof| A< il dagol
7P =7 UebE o (p<0.05), vtidlee] vl 2o
A w0l W2 LCEoIA 7oA ¥ &2 2 wijdE
AHp<0.05). mlzF F712AQ H&, ofdd, 72, A& a1
W #7149 widee 3 e AF HCZOA f2lsHAl
A YEbgen, £3] HCHDZ 9 di& vjdo] o
Bl oSt A UERTHp<0.05). E3F di w2
A LCToA = Bl D A F o] w2 HDZ9| &
& Hid%o] LD NDoj| H]sf &7 yehutA, d29] wijd
T2 2y HE DO F¥ e AR Z4HNIT

5. Zr=1t HIEHR! DO| MF| =0 [ME 2 FI1E
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Z}

o
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2
=2

I} HIEHY D AAF o] £ F4&l vX e %
FS O] PEATEAT AT Table 60 AAIHAT Berg
|53 BE 27119 Z482 249 AF £ 93 &+
gk o7k UrEbg e (p<0.001), HIEFR] D A3 =&l 2
T FFE <l ntavlE, 259 5ol FsHAl ekt
tH(p<0.05, p<0.01, p<0.05). T3+ Z%3} vlelyl D A3zt
goll o3t At utavlEe] S5 FAsHA ety
TH(p<0.001).

7z £9 7714 F5ES vud 23 2Ee F5ee

LC#9] 7713 F4-&0] CONZI} HCZET 3o5H &
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Z3 v D AF 2ol #71d diAbl vl 9% 575

A CehE o Bl(p<0.05), HERR D 43 SRl e 22t f
ot Aol Lk gtk 913t mhau| 4] F48E 1O
oA §IsiA Z7tA R, HOZol A BIEH D 3%
o] g2 BAT Aol q HDZO) A7} mhau|4o) F4&
o] LDZo| B]sh $-<J51 WA vkehubA, ulebel Do) M
o] JFE FIL HoAFATHp<005). u]F £7] A< B,
ofdl, Fel, ABY F4EL BH AAF] FHeel wet
LCZ, CONZ, HCZ9] A2 $-9l51A] 74315 thp< 0.05).
£3) LC29) 289 §4&L LDZET HDZA §95t
A F71% A3k ekt o (pa0.05), B4 I e
u) lebel DO HA7H 2B 48 TV Ao

e

Z=0t HIER! DOl M ~=0f| 2 AU F71E &2

n o

30

Flae] dam Ao 2 AN Ay 271 Be
B BA73 TR Table 70 AASIATh 2} v}
Aol BNHE | GEARAT ATk B4 4 5
o 2. <, Mkl 5o W TiAL Bl 512 B
o Fel BA7E LR OB (p<0.001), o9 ulF F71
Q1 A, ofdl, Tel, 2B HAFE BHe) HA 22l @
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Table 6. Mineral absorption rates of experimental rats fed various levels of calcium and vitamin D (mg/day)
LC HC P values”

CON . Cax

LD ND HD LD ND HD Ca Vit D "0

Ca 39.01£3.51 50.77£3.24°  48.44+043°  5141+2.17°  33.60£0.97°  3424+121*  33.32+1.30° 0.000 0.876 0.638
P 6137£1.23°  94.88+0.34°  94.80+0.21¢ 93.88+030%  37.28+1.18"°  34.01+2.10° 29.75+3.05* 0.000 0.043 0.152
Mg 50.93+4.50°  68.03+1.89"  72.42+0.64°  73.83+1.40°  43.80+1.30°  41.9+2.15°  32.73£1.36*  0.000 0.003 0.000
Fe 45904240  61.62+123°  64.63£1.07°  6437£2.11°  2725+1.08"  26.15t1.65*  29.30£1.69°  0.000 0.364 0.430
Zn  3126£320°  51.69£1.00°  5227+1.54°  48.02+0.96°  16.47+1.27°  16.12+0.88"  16.72+1.94* 0.000 0498 0.337
Cu 52.154347°  64.94+1.59°  65.1443.16°  64.77+0.69°  37.80£0.65°  37.82+2.70°  3581+2.37° 0.000 0.854 0913
Cr 50.03£1.75°  56.98+1.60°  62.09+1.80°  64.70+2.05%  23.13+3.43"  2826+1.52"  27.39+1.36° 0.000 0.012 0.620

Abbreviations: CON, control (Ca 0.5%); LC, low calcium (Ca 0.25%); HC, high calcium (Ca 1.0%); LD, low vitamin D(vit. D 10 IU); ND,
normal vitamin D (vit. D 1,000 IU); HD, high vitamin D (vit. D 5,000 IU)

D P-value by two-way ANOVA, ? Values are mean+S.E.

% Values with different letters in the same row are significantly different at p<0.05 by one-way ANOVA with Duncan's multiple range test.
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Table 7. Apparent retentions of minerals in experimental rats fed various levels of calcium and vitamin D  (mg/day)
LC HC P values”
CON ] Cax

LD ND HD LD ND HD Ca Vit D "0
Ca 43.83+590"9 20224309  27.5240.99°  30.88+2.15*  88.90+£3.33°  89.10+4.51°  86.97+4.60° 0.000 0.978 0.768
P 38.19+248° 64.84+£1.93°  6324+273°  68.55+3.64°  24.65£1.00°  21.51+1.75*  18.53+£2.31° 0.000 0.614 0.101
Mg  5.16+0.63° 7.63£027° 6.81£036°  7.65+0.74°  2.95+0.19°  2.79+0.35*  3.09+0.21* 0.000 0.319 0.690
Fe 346.10£29.02° 514.65:19.88° 524.82+28.51° 554.83+41.84° 214.52+12.06° 202.95+14.82* 221.68+1548" 0.000 0.548 0.801
Zn 199.81+28.18°  366.00£14.05° 356.31+16.39° 349.65£19.60° 96.47+10.17* 94.39+6.77°  98.90+£15.53* 0.000 0.908 0.858
Cu  66.46£6.41° 91.03+£3.57°  88.15£3.19°  94.04+522°  49.63+1.35°  48.23+3.50"  46.44+3.75° 0.000 0.843 0.619
Cr 8.0420.61° 10.39£0.70°  11.09+0.89%  12.66+1.13°  3.09+0.81°  3.66£045*  3.50£0.38" 0.000 0216 0.392

Abbreviations: CON, control (Ca 0.5%); LC, low calcium (Ca 0.25%); HC, high calcium (Ca 1.0%); LD, low vitamin D(vit. D 10 IU); ND,
normal vitamin D (vit. D 1,000 IU); HD, high vitamin D (vit. D 5,000 IU)

D P-value by two-way ANOVA, ? Values are mean+S.E.

% Values with different letters in the same row are significantly different at p<0.05 by one-way ANOVA with Duncan's multiple range test.
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