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The Effects of Dietary Protein and Caffeine Consumption Levels on Calcium,
Phosphorus, Sodium and Potassium Metabolism in the
Rats of Different Ages

Chung-Sook Yuh' and Chung-Ja Sung

Dept. of Food and Nutrition, Sockmyung Women' s University, Seoul 140742, Korea

Abstract

This study was designed to investigate the effects of dietary protein and caffeine consumption levels on Ca, P.
Na and K metabolism. One hundred twenty rats were divided into twelve groups according to age, protein level
and caifeine consumption such as age group (120~130g young rat, 250~300g adult rat), dietary protein group
(20% normal protein, 8% low protein), caffeine consumption group (0, 3.5mg, 7.0mg). Low protein diet
containing high caffeine levels increased calcium, phosphorus, sodium and potassium contents of urine and fecal
in rats. Young rat has higher level of calcium, phosphorus, sodium and potassium than adult rat. In the serum,
calcium contents were not affected by age, dietary protein levels and caffeine consumption. However,
phosphorus, sodium and potassium contents of serum in aduit rat were higher than young rat. In the liver,
potassium decreased with decreasing dietary protein levels. In the kidney, calcium, phosphorus and potassium
contents were not different by age group, dietary protein levels and caffeine consumption, but sodium content

was significantly reduced in the adult rat.
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Table 1. Experimental design

Dietary protein Caffeine administration
Age group level{%)" (mg/100g B.W)?
20 -
20 35
Young Zg 7
8 3.5
8 7
20 -
20 3.5
Adult 22 77
8 3.5
8 7

" Percentage of total diet
*Caffeine (5.C.C., U.5.A.) was 0.7g/50m! and 1.4g/50m!, res-
pectively
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Tabel 2. Composition of experimental diet

Ingredient Composition(%)
Casein 20.0
DiL-Methionine 0.3
Corn starch 15.0
Sucrose 50.0
Fiber® 5.0
Corn oil 5.0
AIN-mineral mixture™ 3.5
AlN~vitamin mixture® 1.0
Choline bitartrate 0.2
"“Cellulose : Sigma Co., LTD. U.S.A.

“Mineral mixture (g/kg)

Calcium phosphate, dibasic 500.0
Sodium chloride 74.0
Potassium citrate, monchydrate 220.0
Potassium sulfate 52.0
Magnesium oxide 24.0
Mangancus carbonate 3.5
Ferric citrate 6.0
Zinc carbonate i.6
Cupric carbonate 0.3
Potassium iodate 0.01
Sodium selenite 0.01
Chromium potassium sulfate 0.55
Sucrose, finely powdered to make 1,800.0
“Vitamin mixture (per kg)

Thiamin hydrochloride 600mg
Riboflavin 600mg
Pyridoxine hydrochloride 700mg
Nicotinic acid 3g
D-Calcium pantothenate 1.6g
Folic acid 200mg
D-Biotin 20mg
Cyanocobalamin itmg
Vitamin A 400,000 1.0,
dl-ax—Tocophery! acetate 5,000 1.4,
Cholecalciferol(vitamin D) 2.5mg
Menaguinone 5.0mg
Sucrose, finely powdered to make 1,000.0g
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Table 3. Food intake, body weight gain and food efficiency ratio of rats

Age group  Protein level”  Caffeine level” Food intake (g/day) Body weight gain (g/day) Food efficiency ratio
Free caffeine 17.1543.0324 4.75+0.49° 3.630.02™58
20% Low caffeine 16.95+£3.03° 3.55+0.07" 4.77£0.31
High caffeine 15.50+3.02° 1.40+0.001¢ 11.07+£3.58
Young
Free caffeine 17.20+3.03° {0.31+0.01° 1.04+0.01
8% Low caffeine 16.30+3.02° -0.90+0.13° -2.35+0.03
High caffeine 15.55+£3.01¢ -0.11+0.01° -0.34+C.01
Free caffeine 25.05+3.05* 3.15x0.50° 8.05+0.41
20% Low caffeine 23.65+£3.04° 2.30=+0.57° 10.6041.63
High caffeine 22.45£3.03¢ 1.20+0.29 61.50+2.03
Adul Free caffeine 24.00+3.04 0.90+0.05* 50.58+2.88
8% Low caffeine 22.95+£3.02° - 0.84+0.01° 36.63+3.10
High caffeine 21.65+£3.03° -0.95x0.03° 23391267
Age (A} 8802.81** 0.25 2.87
Protein (B) 50,08** 58.43%* 0.41
Caffeine (C} 267.74% 5.57% 0.42
ANOVA? Terms AXB 20.82%* ' 5.56* 8.01
AxC 12.08%* 0.72 0.20
BxC 1.42 4.88 0.56
AXBXC 4.70*% (.34 1.08

"Percentage of total diet 70, 3.5 and 7mg/100g BW. *Mean=+ S0 of ten rats
“Means with different superscript letters(a, b, ¢} within a column are significantly different from each other at p<C0.05 as
determined by Duncan’s muitiple-range test

% F~values for terms of interaction are based on 3-way analysis of variance (ANOVA}  ® Not significant  *p<0.05 **p<0.01
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Table 4. Food intake and bod izht gain of rats per 100g body weight
eocm 7 werpt gt P § Doty welg (Unit : g/3100g B.W.)

Age group Protein level” Caffeine level” Food intake Body weight gain
Free caffeine 13.38+0.037 0.41+0.05°
20% Low caffeine 12.01£0.05° 0.38+0.01"°
High caffeine 11.88£0.08° 0.38+£0.02"
Young
Free caffeine 14,29+0.25 0.17£0.01°
8% Low caffeine 12.43+0.07° 0.16+0.01°
High caffeine 13.33+0.76° G.16+0.017
Free caffeine 10.21 £0.06 0.12:+0.03"
20% Low caffeine 8.49+0,05" 0.10x£0.02"
High caffeine 8.39+0.06° 0.09+0.01°
Aduit

Free caffeine 9.00x£0.11* - 0.04+0.01°

8% Low caffeine 8.91£0,15° -0.11 +0.06"

High caffeine 8.34x0.06° ~0.11£0.05"

Age (A} 51847.20%* 1505.09*
Protein (B) b6H5, 11+ 223.20%*
Caffeine (C) 3G.71%* 3102
AXB 523.25%* 376

ANCGVAY Terms AXC 6.44* 47 20%*
Bx{C 14.49%* 62.18**

AXBxC 13.96* 40.88*

" Percentage of wtal diet "0, 3,5 and 7mp/100g B.W. *Mean 5D of ten rats
“Means with different superscript letters (a, b, ¢) within a column are significantly different from each other at p<0.05 as determ-
ined by Duncan’s multiple-range test “F-values for terms or interaction are based on 3-way analysis of variance (ANOVA)

<005 **p<0.07

Table 5. Urine excretion of Ca, ¥, Na, ¥, creatinine and urine volume per 100g body weight

Age group Protein Caffeine Volume Ca P Na K Creatinine
level” level” {ml/100g B.W.) {me/100g BW.)
Free caffeine 5.19+0.18%% 0.06+0.01¢ 70.27 £2.32 1.45+£0.02¢  5.62+0.04° 214.06+2.29™"
20% Low caffeine 6.15+0.18°  0.22+0.02° 143.38+1.78" 3.2940.01"  8.89x0.02" 222.00+3.35
Young High caffeine  7.50£0.35  0.40:002° 383.10x3.25  5.90:0.02 14.81:003 228.69+3.13
Free caffeine 6700127 0.08+0.02° 104.97+2.40° 37720020 1055003 210.10£3.63
5% Low caffeine 800+0.24"  0.30+0.03* 22522£3.54"  4.61+0.02" 14.15+0.01% 219.2823.49
High caffeine 8312028 03504004 4566127.41° 7892007 18.1250.13 224.3922.45
Free caffeine 433009 0.04x0.01° 59.21+0.83 2,19+0.0% 418043 190.91+1.15
20%  Low caffeine 4444018 G19x0,01" 102.4721.20°  3.48+0.01"  6£.6420.01" 1958.04+1.63
Adult High caffeine 5.36+0.20  0.38+0.01° 211.53£1.82° 5.48+0.01" 10.34x£0,07° 204.35+7.89
Free caffeine 404017 006001 81.42x1.01° 2524002  7.22+0.02° 185.26+21%
8% Lowcaffeine  4.99:0.10° 0.27£0.01" 146.59:0.77° 4.114001" 8.0120.01" 194.3024.07
High caffeine  5.05:0.18"  0.43+001" 224.00=18% 5882005 11.12:0.06' 195822424
Age (A 143927+ 2545.10% 3568.00* 1887.33% 240.30* 183.26%
Protein (B) 2713.470 1244 40% 4058.08% 7353.18% 125.84%* 96.49*
Caffeine (C) 753.83%  154271.00%* 59464 70" 110365.00% 185.58%* 4.45
ANOVAY  Terms AxB 2873.94%* 543.65% 694.86%* 2308.78* 24.94% 47.87%
AXC 92.50* 16805.30%* 9258.30% 3752.56** 11.36%* 1.1
BxC 94.40** 551.37" 297.03** 17.64** 3.94 1.98
AXBxC 16.60** 270.98* 145 .64 269.08%* 1.05 0.12

"Percentage of total diet 0, 3.5 and 7mg/100g B.W. *Mean+SD of ten rats
“Means with different superscript letters{a, b, ¢ within a column are significantly different from each other at p<0.05 as
determined by Duncan’s multiple-range test

“F-values for terms or interaction are based on 3-way analysis of variance (ANOVA) " Not significant

*p<0.05

" p<0.01
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Table 6. Fecal excretion of Ca, P, Na, X and fecal weight per 100g body weight

i ; i Ca P Na K
Age group Pl’ﬁ)tEI:’I Caffeir;e Fecal weight
level level {g/100g B.W.) {mg/100g B.W.)
Free caffeine 0.31£0.019% 19.48+0.12¢ 3.94+0.01° 0.69£0.01° 1.4740.01°
20% Low caffeine 0.50+0.03° 22.46+0.11° 6.20+0.04° 1.39+0.02° 22250040
Young High caffeine 0.62+0.02° 28.40+0.09° 8.67£0,04 2.36£0.02° 3.0940.04°
Free caffeine 0.61+0.02¢ 2520012 7.50%0.01° 1.05+0.02¢ 2.18+0.03°
8% Low caffeine 0.72+0.02° 52.31%0.17" 8.81+0.01° 2.03+0.03" 4.13+£0,01°
High caffeine 0.76+0.04° 56.55+0.11" 10.73+0.05° 2.85+0.06° 4.981£0.06°
Free caffeine 0.30+0.01¢ 13.61£0.20¢ 4.70+0.09¢ 0.45+0.01¢ 1.00+0.01°
20% Low caffeine 0.36+0.01* 18.73+0.11° 5.81+0.02 0.79+0.01" 1.61+0.01°
Adult High caffeine 0.56+0.01° 36.232:0.03 6.73+0.01* 1.31x0.01° 2.4520.02*
u
Free caffeine 0.32£0.0t° 26.60+0.35° 5.05x0.09° 0.49+0.02¢ 1.37+0.04°
8% Low caffeine 0.42+0.01° 31.58=0.27 7.35x£0.05° 1.02+0.01° 1.95+0.017
High caffeine 0.59+0.02° 40.81+0.04* 8.19+0.03" 1.50+0.04* 2.85+0.01°
Age {A) 307.93* 19227 60** 28908.70** 9113.71** 974137+
Protein (B) 1740.06%* 77588,90** 184986.00** 1438.40%+* 78034,20%*
Caffeine (C) 2037.53%* 14974 .20%* 7213.24%* 1303240 18138.30**
ANOVA?Y Terms AXDB 906 .70** 16913.30** 33186.00%* 409.13%* 27566.00%
AxC 212.33% 1630.71%* 395.13** 1159.93%* 978.98%*
BxC 110.93+ 449.58** 13.85%* 106,25% BAJ.79**
AXBXC 93 .42 532 54* 31833 6.68% 616.43%*

¥ Percentage of total diet 20, 3.5 and 7mg/100g B.W.

"Mean =50 of ten rats

“Means with different superscript letters(a, b, ¢} within a column are significantly different from each other at p<0.05 as deter-

mined by Duncan’s multiple-range test

? F-values for terms or interaction are based on 3-way analysis of variance (ANOVA)

*p<0.05  **p<0.01
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Table 7. Content of Ca, P, Ma and K in serum (Unit : ppm)
Age group Protein fevel®  Caffeine level® Ca P Na K
Free caffeine 110.94=10.70""  69.13% 5.48 3011.75+ 31.34* 269.33+41.48°
20% Low caffeine 10850+ 4.95° 67.00+ 1.4% 3000.50+ 8.2 249382422
High caffeine 10115+ 1.48° 60.70£11.17° 2566.58+253.84° 211.15+£13.04
Young —_—
Free caffeine 99.97+14.78 66.60+ 0.85 26866,50+234.05° 7199.404+18.63¢
&% Low caffeine 98.05+ 0.19° 58.93+ 2.45% 2860.00+ 28.25" 17847 +70.42°
High caffeine 92.00+ 1.41 60.40+ 0.57° 2793.00+ 17.31° 168.70+£71.74°
Free caffeine 134.30£19.32" 7780+ 0.99 3678.00= 10.00° 420.65:£15.49*
20% Low caffeine 113.60+ 0.85* 77.81+ 0.42 3484.50+277.90" 425.05417.47°
Adul High caffeine 8955 2,76 7755+ 276 2794.38x220.08° 356.63+13.26°
ult -
Free caffeine 12350+ 0.42° 73.50= 1.84° 3096.00+ 48.08° 338.10+£35.92"
8% Low caffeine 121.25+ 1.08 73.49x 7.21° 3069.00+ 8.49" 308.25+30.7%°
High caffeine 119.80x 3.96° 7326+ 3.39 2719.50+ 17.69° 297.65£17.89
Age (A) 4.56 33.12%% 15.18* 255.8G*F
Protein (B) 0.54 Q.79 6.32% 09.95*
Caffeine (C) 1.66 1.99 2.83 3.52
ANOWAY Terms AXB 1.10 0.01 5.46* 1.90
AxC 0.02 1.26 3.22 1.26
BxC 3.95% 0.87 2.28 5.66*
AXBxXC 3.08 0.23 11.71% 1.84

"Percentage of total diet

#0, 3.5 and 7mg/ 100g B.W.

“Mean =50 of ten rats

“ieans with different superscript letters (a, b) within a column are significantly different fram each other at p<0.05 as determined
by Duncen’s multiple-range test
“F-values for terms or interaction are based on 3-way analysis of variance (ANOVA)

<005 ** p<0.01
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Table 8. Liver weight and content of Ca, P, Na and K in liver (Unit : ppm)
Age group Protein level” Caffeine level” Weight(g) Ca P Na K
Free caffeine  6.70+£0.31% 18.71£0.23° 3330.00+240.42%% 559.16+ 2773 2606.40+ 22.89°
20% Low caffeine  5.571+0.50% 18.82+0.62" 3290.00+296.99 572.23+ 68.82" 2173.85+£202.10"
High caffeine 4.3710.47% 20.35+1.29° 3255.56:+:261.63 585.67x 45.44° 1975.22x120.82°
Young -
free caffeine  4.8110.47"° 18.76x£5.24" 3265.00+ 49.50 566.20+ 62.33* 1619.77+ 52.06°
8% Low caffeine  4.61+0.27 18.26x0.86" 3163.50--316.08 57763+ 65.05° 1647.6bx 33.62°
High caffeine 4.44+0.60° 18.21+£6.67° 2678.50=129.40 6776311172 1653460+ 38500
Free caffeine  8.80+0.42" 12.35+0.48" 3023.50301.94 554.20+ 90.3%* 1760.68x£211.32°
20% Low caffeine  8.33+0.04° 15.22+2.28° 3185.00= 63.64 555.81x 81,50 2711045+ 71.31~
dul High caffeine 7.89+0.41° 15.41£0.34"% 3405.00-162.64 599.78+101.24° 2250.53+ 72.53*
Adult
Free caffeine  8.23+0.61"  24.4321.25* 3375.00+ 7.07 654.90x 46.81" 2088.06+162.55°
8% Low caffeine  7.50+0.49° 24.44+4.48" 3292.50+116.68 695.64+ 23.03% 2065.82+ 24.12¢
High caffeine 8.02x0.51*  25.00£0.11*  3080.00x222.25 71257+ 14,89 197635+ 62.60°
Age (A 295.01%F 3.96 0.84 1.76 1.02
Protein (B) 10.09** 4,74 0.40 2.73 31.67**
Caffeine (C) 6.66* 3.14 1.06 0.09 1.99
ANQVA™ Terms AXB 0.74 i1.07 2.73 1.18 32,39
AXC 1.45 2.59 1.04 2.64 G.75%
BxC 3.25 1.06 2,92 0.28 1.77
AXBXC 0.30 0.89 0.09 1.61 19.80

Y Percentage of total diet

(), 3.5 and 7mg/ 100z B.W. *Mean 5D of ten rats
“Means with different superscript letters{a, b) within a column are significantly different from each other at p<0.05 as determined

by Duncan’s muitiple-range test
% F-values for terms or interaction are based on 3-way analysis of variance (ANOVA) “Not significant * p<0.05 ** p<0.01

Table 9. Kidney weight and content of Ca, P, Na and K in kidney {Unit : ppm}
Age group Protein level” Caffeine level” Weight (g) Ca P Na K
Free caffeine  1,64£0.09 *** 12.40+1.25% 2382.00+379.01" 922.63+ 83.99° 1748.80+263.62"
20% Low caffeine 151013 12060160 229450413364 91255x153.16 15268531175
High caffeine 1.3820.07 9.80£2.29"° 2246,25+259.836 829.64+ 16,03 121889+ 20.87
Young
Free caffeine  1.222.0.01 18.30+2.71*  2770.00+£127.28 876.59% 56.63° 1790.55x135.05°
8% Low caffeine  1.21+0.04 14.28+3.44 2540.00+197.99 779.71+114.79° 1555.32+ 45.06°
High caffeine  1.20£0.11 12.95+6.53* 253375+ 5529  73891% 27.63 1537.55+ 66.82°
Free caffeine  2.32+0.07 11.33x1.81" 263750+ 53.03 713.97+112.66° 148144+ 64.45°
20% Low caffeine  2.27+0.12 14144171 2623.75+121.98 696.02+ 41.04 1421.93x179.94°
High caffeine 2.13x0.33 16.96+0.04*  2555.00£530.33 651.64x 7318 14205110442
Adult
Free caffeine  2.16£0.20 11.21+0.60" 2565.00+£289.91 712.89+ 33.02* 2122.541131.31*
8% Low caffeine  1.83+0.20 11.56£2.37 2361.00+£197.99 685.59x 47.51* 1270.30+ 28.86°
High caffeine 1.70£0.36 13.05+3.45%  2340.00+284.61 588.41x 23.85° 1216.38+ 9598°
Age(A) 97.46%* 0.44 0.12 30.05%* {1.69
Protein (B) 19.90* 0.06 0.19 4.00 .56
Caffeine (C) 3.56 0.09 0.79 3.81 4.35
ANOVA? Terms AXB 0.1 77T T4.77* 1.49 3.92
AxC 0.64 4.07* 0.02 0.03 4.00
BxC 0.08 1.43 0.29 0.42 412
AXBXC 1.23 0.03 0.04 0.43 4.47

' Percentage of total diet 0, 3.5 and 7mg/100g B.W. “Mean 50 of ten rats “Not significant
% Means with different superscript letiers(a, b) within a column are significantly different from each other at p<0.05 as determined

by Duncan’s multiple-range test
% F—values for terms or interaction are based on 3-way analysis of variance(ANOVA) *p<0.05 **p<0.01
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