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Summary

Phosphorus (P) is used as a phosphate in a wide variety of processed foods, such as fish cakes, processed meat,
cheese, frozen bakery products, and carbonated beverages. Phosphates are added to surimi and processed meat in
order to improve water retention and prevent alterations during freezing. The effects of the proteins of fish (FP)
and meat, which are contained in surimi and processed meat, on the calcium (Ca) and P balance have not yet been
examined in vivo. Therefore, we herein investigated the influence of FP on the Ca and P balance in rats fed a
high P diet. Experimental diets were formulated as follows: a normal-P (0.3% P wt/wt, potassium dihydrogen phos-
phate) diet, high-P (1.5% P wt/wt, potassium dihydrogen phosphate) diet, and high-polyphosphate (1.5% P wt/wt, so-
dium polyphosphate) diet. The protein source of each experimental diet was FP or chicken breast protein (CP).
Male Wistar rats were fed the experimental diets for 4 weeks. Kidney weights and mineral concentrations were
significantly higher in rats fed the high-P and high-polyphosphate diets than in rats fed the normal-P diet. While Ca
and P concentrations in the kidney were significantly higher in rats fed the high-P and high-polyphosphate diets, no
significant difference was observed when FP or CP was provided as the dietary protein source. Furthermore, no
significant differences were observed in the effects of FP and CP on the Ca and P balance. These results suggest-

ed that FP or CP did not exert significantly different effects on mineral concentrations or the mineral balance in the

kidney.
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Table 1 Growth parameters and relative organ weights of rats fed experimental diets

Normal-phosphorous diet

High-phosphorus diet High-polyphosphate diet

FP Cp FP Cp FP Cp

Growth parameters

Initial body weight (g) 882 + 27 90.7 + 0.8 90.2 = 20 908 + 15 90.0 = 22 90.7 + 16

Final body weight (g) 2513 = 47° 2507 = 37" 2403 = 130" 2471 = 39" 2062 * 171" 1849 * 151

Body weight gain (g/day) 742 = 020" 727 =016 682 = 052" 710 = 017 528 + 080"  4.28 = 0.74"

Food intake (kcal/day) 173 £ 09 165 = 1.2 165 = 0.8 177 = 08 158 + 1.9 142 = 1.7

Food efficiency (g/kcal)* 0429 + 0013 0442 = 0.010 0412 = 0.031 0402 = 0.009 0.334 = 0.051 0302 = 0.052

Water intake (mL/day) 324 +22° 340 = 15° 450 = 1.8" 453 = 19" 54.7 + 3.2° 480 = 2.7
Relative organ weight (g/100g BW)

Liver 378 + 0.10 3.86 + 0.09 400 £ 0.10 4.05 = 0.09 376 + 024 387 = 0.30

Kidney 072 £ 001° 068 = 0.02 1.26 = 018"  1.09 + 0.05" 341 = 053" 397 = 058"

Spleen 0.17 £ 0.02 0.19 + 0.02 0.26 + 0.03 024 + 001 0.25 + 0.02 046 + 0.17

Data are presented as the mean * SEM (n = 7). Values not sharing a common letter were significantly different at p < 0.05. Data

were analyzed using the Tukey-Kramer test.

* Food efficiency = Body weight gain (g/day) / Food intake (g/day).
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Table 2 Biochemical parameters and mineral contents in the serum, kidney, and tibia of rats fed experimental diets

Normal-phosphorous diet

High-phosphorus diet

High-polyphosphate diet

FP CP FP CP FP CP
Serum
AST (U/L) 102 + 10° 92 = 10° 91 £ 9° 95 + 12° 154 = 43 159 = 29
ALT (IU/L) 47+ 5 46 +5 46 = 6 50 = 5 41 = 14 38 + 11
Ca (mg/dL) 115 + 0.7 12.0 = 06° 108 + 0.8 118 + 05" 101 = 1.2° 95 + 14°
Pi (mg/dL) 99 + 04 109 + 1.0 124 = 1.1 124 =19 119 = 17 113 = 21
Mg (mg/dL) 22 %02 21+ 02 20 =03 22+ 02 18 £ 03 17 = 04
Kidney
Ca (mg/g) 0027 = 0.001° 0.023 = 0.001° 1007 = 1.7° 9.35 = 051" 1847 + 244° 1306 = 1.79™
P (mg/g) 1.74 * 003" 1.76 + 0.02° 707 =111° 701 = 0.36° 1148 = 1.18° 873 = 1.02"
Ca (mg/kidney) 0024 = 0.001° 0021 = 0.001° 1513 = 331° 1259 = 098" 5964 = 10.66° 39.13 = 1.72°
P (mg/kidney) 156 = 0.04° 155 = 0.03" 1062 = 222° 941 * 065 3676 = 526° 2644 = 128
Tibia
Ca (mg/g) 126 = 2 124 =1 122 =2 120 = 2 122 =2 120 = 2
P (mg/g) 581 = 0.7 571 = 0.3 57.7 = 04 56.6 = 0.6 558 = 0.9 556 = 1.1

Data are presented as the mean + SEM (n = 7). Values not sharing a common letter were significantly different at p <

0.05. Data were analyzed using the Tukey-Kramer test.

Table 3 Mineral balances and apparent mineral absorption in rats fed experimental diets

Normal-phosphorous diet

High-phosphorus diet

High-polyphosphate diet

FP CPp FP Cp FP Cp
Intake (mg/day)
Ca 77 = 5® 65 + 10" 92 + 6™ 98 + 4 76 = 7" 72 + 8"
P 43 = 3° 37 £ 5° 260 + 16 276 = 10° 215 + 19" 203 + 23°
Urine excretion (mg/day)
Ca 0.32 = 006 041 = 0.08" 0.25 = 002" 031 + 0.02® 015 = 0.01* 017 = 0.03"
P 36 = 05 96 = 29° 1113 = 99" 1687 + 7.8° 1246 = 96"  117.7 = 140°
Fecal excretion (mg/day)
Ca 215 = 30 145 + 25 343 = 4.1 370 £ 14 271 £ 16 250 = 27
P 6.9 = 0.6 54 = 09° 380 = 53° 351 = 29° 274 + 21™ 215 + 39
Apparent absorption
Ca (mg/day) 60.1 = 56 622 = 6.0 576 =18 60.6 = 39 524 =56 466 = 59
(%) 707 + 34™ 804 + 39 633 = 2.8™ 62.1 = 2.0° 64.8 = 257 64.2 = 2.5°
P (mg/day) 39.7 = 34" 380 = 39° 2218 = 114> 2410 = 9.3 200.1 = 159" 1810 * 202°
(%) 832 = 1.7 856 = 2.6 856 = 1.3 872 09 877 = 1.0 892 £ 16
Retention
Ca (%) 701 = 36™ 770 = 2.1° 630 = 2.8 61.8 = 2.0° 64.6 = 2.5 639 = 257
P (%) 783 + 36" 717 + 56 419 = 2.7° 36.0 = 54" 306 = 22° 307 £ 29"

Data are presented as the mean £ SEM (n = 7). Values not sharing a common letter were significantly different at p <

0.05. Data were analyzed using the Tukey-Kramer test.
Apparent absorption (mg/day) = Intake — Fecal excretion

Apparent absorption (%) = (Intake — Fecal excretion) / Intake X 100

Apparent retention (%) = (Intake — Fecal excretion + Urine excretion) / Intake X 100
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