












































Exper. 
Subject Period 

A. I. 

II. 

B. I. 

II. 

c. I. 

II. 

D. I. 

II. 

E. I. 

II. 

.. 

F. I. 

II. 

TABLE 3 

CALCIUM BALANCES DURING 
THE SIX FIVE-DAY PERIODS 

Output. 
Intake Feces Urine 

mgm. mgm. mgm. 

21.31 ?07 546 
2163 
2209 

1191 
1854 j61 

214? 2178 ,214 
2234 2440 506 
2119 .312J 436 

2128 1431 1053 
2142 1658 1000 
2264 2064 717 

2054 2666 708 
2.312 2081 1187 
2156 2062 1004 

2096 1946 1035 
2125 1514 968 
2092 1.392 848 

21.37 106.3 813 
2183 1887 901 
2107 1876 1027 

2081 1849 .354 
2154 1839 5.35 
2208 1267 548 

2202 2206 544 
2.326 4071 524 
2216 2248 644 

2075 2032 431 
2175 1610 558 
2082 2322 563 

2085 2510 430 
2247 1909 553 
2109 2095 #9 

2081 2598 51.3 
2141 2453 575 
2179 2794 547 

2142 1973 474 
2258 1820 475 
2161 1899 616 

Total 
Output Balance 

mgm. mgm. 

1253 t 878 
1790 t 372 
2221 - 11 

2.392 - 145 
2046 - 712 
3559 - 1440 

2484 - .356 
2658 - 516 
2781 - 517 

.3.374 - 1320 
3268 - 956 
J066 - 910 

2981 - 885 
2482 - 357 
2240 - 148 

1876 t 251 
2788 - 605 
290J - 796 

2203 - 122 
2.374 - 220 
1815 - 39.3 

2750 - 548 
4595 - 2269 
2892 - 686 

2463 - .378 
2168 7 
2885 - 803 

2940 - 855 
246.3 - 215 
2544 - 435 

3110 - 1029 
3028 - 887 
.3341 -1162 

2447 - 304 
2295 - .37 
2515 - 354 
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again to recheck on the intRk~. Milligrams excreted for subjects 

A, B, C, D, E, and F were 8.50, 8.77, 7.40, 8.54, 10.60, and 9.40 

respectively. 

During the second experimental period, the ascorbic acid 

intake was approximately 111 milligrams per day. This included the 

amount in the diet and in the supplement of crystalline ascorbic 

acid. By the seventh day all but one subject were excreting 50 

per cent of the intake and were maintaining this level throughout 

the remainder of the period. When 50 per cent of the intake was 

excreted, the subjects were presumed to be saturated with ascorbic 

acid (30). 

The average calcium balances for five days for each subject 

are noted in Table 4. During the first and the second experimental 

periods the balances for subject A were t413 and -765 milligrams 

respectively. Her excretions for each of the five-day periods were 

successively t878, +372, -11, -145, -712, and -1440 milligrams. 

This su½ject maintained a positive balance during the first period. 

Since the figures for the latter part of the first experimental 

period and first part of the second experimental period when cal­

culated on a daily basis showed a very small negative balance, one 

may assume that she was more or less at an equilibrium.. These two 

balances were much less than her other negative balances and those 

of other subjects. 

Subject~ Band D, like subject A, showed a substantial increase 

in excretion with mean balances of -463, and -1062 milligrams, and 

-245 and -1134 milligrams respectively in the two periods. Although 

there was a definite increase in the excretion of calcium by 



·-------------------·--------------
subjects A, B, and D dur ing the second experimental period when 

the ascorbic acid intaKe was high, the amount by which it was 

increased varied with the individual. The average balances of 

-386 and -501 milligrams for subject E, too, showed an increased 

excretion in the second period, but the increase was not as great 

as in the subjects just mentioned. The remaining two subjects, 

C and F, followed the opposite trend. The averages for C were -464 

and -383 milligrams. The difference between the two means was 

small; therefore, it probably was not significant. The averages 

for subject F were -1026 and -232 milligrams, which showed a 

definite decrease in the negative balance and indicated that more 

calcium was being retained in the second period. The balances for 

each five-day period and for each individual, ~~th the exception of 

subject A, did not show a step-like increase or decrease , (Figure 4). 

The ·urinary excretions of calcium for all subjects remained 

fairly constant. In the first experimental period an average of 

25 per cent of the total output appeared in the urine, and in the 

second period 22 per cent was found. Steggerda and Mitchell (29) 

reported that 24 per cent of the calcium excreted was found in the 

urine when the diet provided enough calcium for body equilibrium. 

Urinary calcium is presumed to indicate that utilized from food 

or withdrawn from body stores. 

The fecal calcium represents unabsorbed calcium and calcium 

excreted into the intestine (25, p. 252). Fecal excretions of 

calcium increased in subjects A, B, and D, thereby increasing the 

total excretion and the negative balances. In subjects C and E 

fecal excretions did not show much change when the ascorbic acid ·--------------------------------· 



900 

c9oo 

700 

000 

Soo 

~00 

300 

200 

100 

0 

-100 

-200 

-300 

-400 

-Soo 

-600 

-700 

-800 

- S>oo 

-/000 

-/ /00 

-1200 

-/300 

-14-00 

-1500 

~ 

.-

-
-
-
- -
- . 

- SUB7PC7J 

,4 
-

-
s: 
~ - .... 
IJ 
.J 

,..._ 

- ti I 
t-, I - ~ 

";r:: -
~ I - b 
' "" I - ~ 
~ 

- I 
- I ---
- I 
- I 
-

I -

- I 
- I . 

I ', 

- -
7> E ,.Qyo.2>s 

- I zz:. I 

I 

::P;!lure 4-

Mr:AN CALC'/<.JM ~AL.i:JNCES ])uJ:GzNa 

fhe Two Sx-i>ER.lnENTAL J>ER.10:,;s 

-
~ C J) E p 

- -

11 
-

I -

I -.- --
I ·-

-
I 
I -

- I I 
I 

-
I 

I L I ...... 

I 
, - -_1 I I 

I 
I I ,_ 

I ~ I I ~ 

I 0\ 

I -
I ~ I 

I 
C\ 

I I() I I C\I -
I 

C\I 

I I I l I 
I I I I I 

.IZ r zr I 7£. r :II r 
I 

I£ 

I I I I 



.. -------------------------WOliliiio•-= _....._:I ______ , 

in the diet was increased, and in subject F fecal excretions were 

definitely decreased. 

Since intake and uri!1ary excretions did not fluctuate greatly, 

changes in the balances were affected mainly by fecal excretions. 

Three subjects showed definitely greater negative balances in the 

second period, one showed a definitely smaller negative balance in 

the second period , and two showed little change when the differences 

in balances were calculated on a daily basis (-21 and tl6 

milligrams). 

--··-··-·------· 



DISCUSSION 

The calcium balances found in this experiment were fairly 

comparable to those reported in the study (5) of calcium re­

quirements of adults in which approximately the same level of 

calcium was fed. 

' 

The weights and heights of the subjects in the present ex­

periment were found to be very much alike ( able 4). McKay et al. 

(19) reported that age and weight did not make a significant dif­

ference in the retention of calcium and phospho~us in the 124 

college students they studied. For these reasons in analyzing the 

data, the results were not calculated according to weight. 

The differences between the means of the balances showed that 

three subjects had a definitely more negative balance, two sub­

jects had about the same when the balances were calculated on a 

daily basis, aid one subject showed a decreased negative balance 

during the second experimental period when the diet was supplements 

with ascorbic acid. 

Student's Pairing Method, which has been devised to compare 

two results on a probability basis, was used to interpret the data 

statistically (17, p. 66). This method was used because it is 

applicable to small samples and was reconunended for making com­

parisons between pairs of variates or treatments when the scope 

of the experiment is limited to a few pairs of observations and 

where only two or more things are compared. 
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Subjects 

}.. 

162 cm. 54 kg. 

B. 
164 cm. 57 kg. 

c. 
166 cm. 56 kg. 

D. 
163 cm. 59 kg. 

E. 
163 cm. 47 kg. 

F. 
167 cm. 52 kg. 

TABLE 4 

MEAN CALCIUM INTAKES AND BALANCES 
DT.JR.ING SIX FrJE-DAY PERIODS 

Periods Mean Intake 
mgm. 

I. 2134 
II. 2166 

I. 2178 
II. 2174 

I. 2104 
II. 2142 

I. 2149 
II. 2248 

I. 2110 
II. 2147 , 

I. 2134 
II. 2187 

Mean Balance 
mgm. 

+ 413 
- 746 

- 463 
- 1062 

- 464 
- 383 . 

- 245 
- 1134 

- 396 
- 501 

- -1026 
- 232 



~------------------------ ---~---
The balances for each subject for the first and for the 

second experimental period were paired. The variance (s 2) and 11 t 11 

values were calculated by using the following formula: 

* s2 =variance= S (d2) - (Sd)2/N~• 
N - 1 

* 
t = 1/17 

The value of 11 t 11 for this experiment was 1.454. It was compared 

with the 11 t 11 values in Fisher's t-table (l?, p. 254) at P = 0.05 

and P = 0.01. Since the computed value of 11 t 11 is much smaller 

than that at these two levels of significance, the differences of 

the means were not considered significant. Hence, according to 

this analysis addition~l ascorbic acid did not affect the retention 

of calcium significantly. 

Possible explanations for the variations in the balances of 

each subject are discussed below. Five of the six subjects 

followed about the same pattern during the saturation test and 

throughout the experiment. Subject A did not excrete 50 per cent 

of her intake of ascorbic acid during either the preliminary 

period when the saturation te~t was made or during the second ex­

perimental period when the ascorbic acid intake was 111 milligrams. 

Therefore, this subject never became completely saturated during 

the experiment. Innnediately after the co~pletion of the experiment, 

another saturation test was performed on the same subject. Her 

excretion was 65.56 milligrams which was not 50 per cent of the 

*S(d) = sum of the differences between the paired observations. 
** !:! = number of pairs. 
*i~Ad - mean of the differences. 



, ______________________ ,___,........,,...,. ________ __........... ___ _ 
intake. After being on a normal diet for approximately a month, 

she was given a third saturation test using 400 milligrams of 

ascorbic acid. Her excretion, which was 72.93 milligrams, did not 

reach the saturation level and was only about 18 per cent of the 

test dose given. The subject's inability to beco~~ saturated may 

be because of the fact that her customary diet was low in ascorbic 

acid or that her renal threshold ~as high. 

The fact that five days were required for ;~o~t of the subjects 

to become saturated during the second experimental period with 

111 milligrams of ascorbic acid suggested that a longer interval 

period seemed necessary or that the intake of ascorbic acid should 

have been increased during the interval period. 

If the omission of the fourth five-day period during which the 

subjects had not become saturated was assumed in the analysis of 

the results, there would be no significant changes in the average 

balance figures with the exception of those of subject E. In 

subject E, the average balance of the second period would be 

changed from - 501 to -325 milligrams, and the difference in the 

balances between the two periods would be reduced from -105 to 

t?l -milligrarns . Although the direction of the differences in the 

balances was changed from negative to positive, the magnitude was 

still small. 

The average intakes of calcium for the i~dividuals during the 

first and the second experimental periods were 2140 and 2177 milli­

grams for the five-day periods. The difference of 37 milligrams 

was very small; therefore, the increase in the intake does not 

account for the differences in excretion in the two periods. 

------------------------------------



,---------------------------~~------· 
If there is less efficient utilization of calcium in a well 

nourished individual and an efficient utilization in persons whose 

skeletal tissues have been depleted (5), then the latter reason 

might be the case in subject A who showed a positive balance 

during the first experimental period. Since she is not ac­

customed to drinking milk in her normal diet, she may have been 

able to store calcium at this low level of intake. 

In subjects Band D, calcium intake in the ordinary diet was 

high; therefore, when the intake was decreased to a low level, 

there may have been a delay in adjusting to this level. However, 

since the other subjects, with the exception of subject A, drank 

a considerable amount of milk in their usual diets, the delay in 

the adjustment does not seem to be an adequate reason for the 

large negative bal ances. It is interesting to note that subjects 

Band D both have had previous history of urticaria. During the 

second experimental period subject D required an additional day to 

become saturated with ascorbic acid. The reason may have been 

because of a cold which began during the third five-day period of 

the first experimental period and persisted until the end of the 

fifth five-day period. Although the balances of this subject 

became more negative as the cold progressed, the effect of a cold 

on calcium metabolism is unknown. 

In subjects C end E there was little difference between the 

means of the balances in the first and second periods. The in­

dividual five-day balances for one subject varied from ~177 to 

j50 milligrams daily and for the other subject from -1 to -171 

milligrams daily. No regularity in the balances can be observed. 
------------------------ ___ , __ .. ___ _ 
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The results indicated that ascorbic acid during the second ex­

perimental period had no effect on the calcium retention of these 

two subjects. 

Subject F showed a marked decrease in the excretion during the 

second experimenta] period when additional ascorbic acid was given . 

Since the mean balance during the first experimental period is 

very much less than the mean balance of the second experimental 

period, it appeared that ascorbic acid aided in the utilization 

of calcium in this subject. 

Many of the studies which reported that ascorbic acid aided 

in the as·similation of calcium have been made on growing animals. 

In adults growth is not marked, and the need for ascorbic acid 

in the utilization of calcium in normal individuals might be small. 

The subjects participated enthusiastically in the experiment. 

Their cooperation and interest throughout the entire experiment were 

excellent. No ill effects were suffered by the subjects, although 

the intakes of calcium during the entire experimental period and of 

ascorbic acid during the first experimental period were low • 

.Although the caloric intakes did not meet the requirement 

recommended b;." the Committee on Foods and Nutrition, National Re­

search Council (7), there was no loss in weight except in one sub­

ject who lost five pounds. This subject had the cold. The mean 

caloric intakes for the subjects A, B, c, D, E, and F were 23 81, 

2419, 2256, 2538, 2277, and 2367 respectively . (Table 5). The diet, 

on the whole, was palatable and appetizing; however, the low roughag 

content caused slight constipation in all subjects. The use of 



TABLE 5 

AVERAGE DAILY CALORIC INTAKES OF SUBJECTS DURING 
SIX FIVE-DAY PERIODS ON CALCPJM BALANCE EXPERIMENT 

Experimental 'Experimental 
Period I 1 Period II 

2. 3. Mean 4. 5. 6. Mesn 
Subjects 

A. 2372 2360 2444 2392 2425 2348 2335 2369 

B. 2308 2352 2471 2377 243,5 2512 2437 2461 

c. 2299 2274 2263 2279 2267 2204 2229 2167 

D. 2255 2374 2454 2361 2508 2541 2495 2518 

E. 2193 239.3 2213 2266 2174 2343 2.346 2288 

F., 2259 2347 2443 2349 2397 2401 2368 2389 

... 0\ -------------------------------------------- ... 
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frozen squash proved to be unsatisfactory although it was 

thoroughly heated and cooked for 20 to JO minutes . It caused 

an increased excretion of ascorbic acid e.s shown in F'ibure 2, 

and it was unpalatable because of its rawness in flavor and 

grittiness in texture. 

In spite of the demands made upon the subjects and the care 

and intelligent coooeration required of them in carrying out a 

study of this kind, the experiment ran smoothly and without 

difficulties . 



,.-------------------------·----
SUMMARY 

Calcium is important as it is necessary in the development and 

maintenance of the skeletal system, in coagulation of blood, and 

in the maintenance of irritability of muscles and nerves. A de­

ficiency of calcium in the present-day American diet is a serious 

problem in nutrition for rich sources of calcium are limited to milk 

and milk products, and calcium from plants is not easily available 

to the human body. 

Numerous experiments reported in the litellature indicate a 

distinct relationship between ascorbic acid and calcium metabolism. 

In guinea pigs, and to a certain ·extent in monkeys and in rats, 

research workers have shown that ascorbic acid aids in the retention 

of calcium and enhances the calcification of bones and teeth. Since 

rats synthesize ascorbic acid, results on them cannot be compared 

to those on man. Experiments on normal human adults have been few 

and inadequate. Hence, the object of this experiment was to study 

the effect of ascorbic acid on calciu.~ retention in normal adult 

women. 

Six normal women, five college students and one faculty mem­

ber, were used as subjects on a calcium oalance study for thirty 

days. The entire experimental ,eriod consisted of a preliminary 

period of five days, a first experimental period of fifteen days, an 

interval period of two days, and a second experimental period of 

fifteen days. All foods consumed during the first and the second 

experimental periods were prepared under standard conditions and 

were weighed for each meal and for each individual. During the two 

experimental periods , excreta were collected and analyzed for cal-

·--·-·-·---
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cium and ascorbic acid. 

The intake of ascorbic acid during the first period was 

limited to approximately 11 miJligrams per day. During the second 

period 111 millierRms of ascorbic acid were taken each day. This 

included the amount in the diet and in the supplement. 

The calcium intake was kept fairly constant during the two 

periods. The average intakes per five-day periods for the first 

and the aecond periods were 2140 and 2177 milligrams respectively. 

Three of six subjecGs showed an increased excretion of 

calcium during the second experimental period,and two subjects 

showed about the same balances when they were calculated on a daily 

basis. The balances of these five subjects indicated that during 

the second experimental period when the ascorbic acid intake was 

high, the retention of calcium was not improved by an increase in 

ascorbic acid. One subject showed a decided decreased negative 

balance which meant that less calcium was lost. Ascorbic acid 

may have aided in the retention of calcium in this subject. 

The differences in the means of the balances during the first 

and second periods of all the subjects were averaged and analyzed 

statistically by Student's Pairing Method. According to this 

analysis there was no significant difference in the average 

balances; therefore, one can conclude that ascorbic acid did not 

significantly affect the retention of calcium under the conditions 

of this experiment. 
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