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Effect of dietary zinc level on absorption and tissue distribution of zinc in rats
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Changes in the absorption rate and tissue distribution of zinc under different nutritional status of this element
were examined. Five-week-old male Wistar rats were given a zinc-deficient basal diet (zinc content, 0.6 ppm) or the
basal diet supplemented with graded levels (5.5 ppm, 10 ppm, 15 ppm, 20 ppm, 30 ppm or 40 ppm) of zinc as zinc
sulfate for 4 weeks. Feeding of zinc-deficient diet for 4 weeks induced poor growth and a significant decrease in
zinc concentrations in many tissues. Rats fed a diet containing zinc at a level of 5.5 ppm showed lower growth and
tissue zinc concentrations than those fed diet containing zinc at level of 10 ppm or more. In particular, the zinc con-
centration in tibia responded remarkably to the elevation of dietary zinc level. Apparent absorption of zinc was
inversely correlated to the dietary zinc level; apparent absorption in rats fed diet containing 5.5 ppm zinc was 92%,
while that in rats fed diet containing 30 ppm zinc was 27%. These results indicate that the minimum dietary

requirement for zinc is 5.5 to 10 ppm in growing rats.
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Table 1 Composition of basal zinc-deficient diet

Ingredient %
Egg albumin 20
Dextrose ' 63.7
Corn oil 10
Cellulose powder 2
Mineral mix 2 3.13
Vitamin mix b 117

a Supplied per 100g of diet: 17.75g of NaCl, 34.16g of KoHPO4, 5.28g of
MgS0y, 7.96g of CaHPO,, 31.79g of CaCOs, 291g of Fe-Citrate, 0.084g
of KI, 0028g of MnSO4-4H,0, 0032g of CuSOs 5H20, 0.006g of
CoClz* 6H20.

b Supplied per 100g of diet: 85470 IU of Vitamin A, 10,680 IU of
Vitamin D3, 940mg of Vitamin E, 2.82mg of Vitamin K; 85.5mg of
Vitamin By, 51.3mg of Vitamin Bz, 34.2mg of Vitamin Bs 0.17mg of
Vitamin Biz, 34.2mg of Biotin, 4.27mg of Folic acid, 136.8mg of Calcium
pantothenate, 213.7mg of Nicotinic acid, 12.8g of Choline chloride with
cellulose powder as a carrier.
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Fig. 1 Changes in body weight of rat fed experimental diets Markers and vertical bars represent
means and standard deviation range, respectively.
B: Basal zinc deficient; [I: 5.5ppm; @: 10ppm; O: 15ppm; 4 20ppm; 4: 30ppm; €: 40ppm

Table 2-1 Body and tissue wet weights of rats fed experimental diets in Ex. 1

Wet weight (g)

Y iy owm  wm o mm
Whole body 127 = 72 271 = 17b 308 + 18°¢ 312 = 15°¢ 308 + 15°
Liver 351 * 0382 744 + 0670 817 + 067° 818 + 039 819 + 041°
Thymus 0.17 + 0012 049 + 009° 065 + 013° 065 + 021° 062 + 008D
Spleen 031 * 0072 064 = 012D 080 + 0.12b 080 = 011b 067 = 007°
Kidney 1.08 = 0.08? 207 + 010° 227 + 0.19b¢ 227 + 011° 229 + 010°¢
Tibia 027 * 0042 042 = 005° 047 + 003° 047 * 0.04° 046 * 0.02°
Testis 141 = 0232 314 = 011° 328 * 036" 328 = 017P 307 = 021b
Fat 055 + 0152 321 = 046° 453 + 0570 453 = 070 390 = 053P

Table 2-2 Body and tissue wet weights of rats fed experimental diets in Ex. 2

Wet weight (g)

Tissues . Basal 10 15 20 30
(zinc-deficient) ppm ppm ppm bpm

Whole body 129 = 73 311 + 17b 309 + 22°P 312 + 14" 321 = 9b

Liver 369 = 0172 828 = 062° 823 = 084° 812 + 062 887 = 063°
Thymus 017 = 0082 066 = 012°P 060 * 013P 064 = 012° 070 = 0.16°
Spleen 0.32 * 0032 070 + 0.12°b 068 * 004° 067 = 011° 072 * 015P
Kidney 108 = 0062 235 + 011° 237 + 032° 227 = 023¢ 246 + 007°P
Tibia 025 = 002° 048 * 005° 048 * 005° 049 = 005° 048 = 002°P
Testis 131 = 0.25°2 326 + 0.18P 319 * 024P 324 = 021°P 327 + 018
Fat 052 = 01272 432 = 127 430 = 089°P 420 = 100° 444 = 072"

Values are means += SD (n=6). In each experiment, values in the same row not sharing a common superscript
differ significantly (p<0.05).
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Table 3 Feed efficiency of each experimental group

Dietary zinc level Feed efficiency (%)
Ex.1
Basal (zinc-deficient) 51 = 22°
5.5 ppm 309 £ 32°
10 ppm 353 * 24°¢
20 ppm 353 £ 21°
40 ppm 349 = 23°¢
Ex. 2
Basal (zinc-deficient) 23 = 28%2
10 ppm 370 + 39b
15 ppm 368 + 50
20 ppm 362 = 26°
30 ppm 370 = 30°

Feed efficiency was calculated by an equation as follows: [(body
weight gain)/(total food intake)] X 100. Values are means = SD
(n=6). In each experiment, values not sharing a common
superscript differ significantly (p<0.05).

Table 4 Effect of dietary zinc on serum alkaline phosphatase

activity

Dietary zinc level Activity (IU/ml)
Ex.1

Basal (zinc-deficient) 416 = 612

55 ppm 937 = 232"

10 ppm 1336 + 27.3°

20 ppm 940 = 169°

40 ppm 1143 = 2750
Ex. 2

Basal (zinc-deficient) 493 = 941

10 ppm 1051 * 160"

15 ppm 1203 + 2540

20 ppm 1060 + 141°

30 ppm 1184 + 292°

Values are means * SD (n=6). In each experiment, values not
sharing a common superscript differ significantly (p<0.05).
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Fig. 2 Relation of dietary zinc level to apparent absorption of zinc
Table 5-1 Distribution of zinc in several tissues of rats in Ex. 1
Tissue zinc concentration (ug /g wet weight)
Tissues Basal
(zinc-deficient) 55 ppm 10 ppm 20 ppm 40 ppm
Liver 309 + 2.1°2 318 = 212 349 = 372 321 = 382 308 = 33%
Thymus 169 = 142 177 + 05° 190 = 212 180 = 082 182 * 092
Spleen 224 * 10° 216 + 05° 193 + 0432 193 + 062 195 + 072
Kidney 214 + 13% 198 = 07° 236 + 13° 264 = 1.7° 278 + 19¢
Tibia 45 = 12 54 = 42 103 + 5P 143 = 10°¢ 143 + 8¢
Testis 186 = 30° 232 + 1.1° 246 + 07 250 = 0.7°¢ 247 + 04°¢
Serum 094 = 0.062 115 = 0102 146 * 0165 162 + 023°¢ 159 + 0.16¢
Hair * 140 + 52 118 * 4° 103 + 5¢ 182 + 44 188 = 44
Table 5-2 Distribution of zinc in several tissues of rats in Ex. 2
Tissue zinc concentration (ug /g wet weight)
Tissues Basal
(zinc-deficient) 10 ppm 15 ppm 20 ppm 30 ppm
Liver 275 = 15° 394 = 1.2° 372 = 19b 387 + 38b 394 = 200
Thymus 233 + 107 221 = 11% 224 + 14% 232 + 38% 232 + 123
Spleen 218 + 08P 204 + 052 202 + 072 206 + 063b 203 + 062
Kidney 226 £ 04b 252 + Q5P 265 + 12be 271 + 170bc 273 £ 08¢
Tibia 51 = 32 116 + gb 140 + 7¢ 153 = 7¢ 148 = 9°¢
Testis 195 + 25° 252 = 06° 247 £ 05° 242 = 10P 252 = 070
Serum 0.77 £ 0.09? 150 = 012D 146 + 014D 154 + 0.13° 157 + 008"
Hair * 142 + 62 165 + 10° 177 + 4be 182 = 7°¢ 181 + 6¢

Values are means + SD (n=6). In each experiment, values in the same row not sharing a common superscript
differ significantly (p<0.05).
*Unit of hair zinc ug/g dry weight.
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