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Abstract
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The concentration of ascorbic acid in the plasma was determined on
four levels of ascorbic acid intake for seven day periods in 1946-47 and
on three levels of ascorbic acid intake for ten day periods in 1947-48.
The subjects, eight girls and eight boys, were 16 to 19 year old freshman
students at Oregon State College. All of the food eaten by the subjects
during the experimental periods was weighed and the quantities were
recorded. The reduced ascorbic acid in the foods was determined after
each meal by the method of Loeffler and Ponting (1942) and daily fasting
plasma ascorbic acid values were determined by the micro-method of Farmer
and Abt (1936). The data in this study were analyzed statistically by
testing the significance of the differences between the means and by
analysis of variance.

The recommended allowance of the National Research Council (1945)
for these subjects (80 mg for the girls and 100 mg for the boys) did not
maintain mean plasma values as high as their respective means during the
saturation period when they were receiving 200 mg of crystalline ascorbic
acid in addition to the ascorbic acid from their food. On the recommended
allowance all the mean plasma values for the girls were above 0.80 ing per
cent, ranging from 0.83 to 1.07. The boys values ranged from 0.67 to
0.91 mg per cent; two out of seven values were below 0.80 mg per cent
(data for one boy were excluded due to illness). A decrease in ascorbic
acid intake to 10 nig less than the recommended allowance of the National
Research Council made a statistically significant decrease in the plasma
ascorbic acid concentration for only two of the eight girls and f or one
of the seven boys,

The plasma ascorbic acid concentrations of these subjects showed
individual variation even when the ascorbic acid intake was considered
on the basis of mg of ascorbic acid per kg of body weight.

The ten day experimental periods were more desirable than the periods
of one week. This was particularly true for the saturation period when
some of the subjects had been on diets low in ascorbic acid prior to the
study.

Redacted for privacy



THE ASCORBIC ACID REQUIREMENTS OF OLDER
ADOLESCENTS

BESSIE LOUISE DAVEY

A THESIS

submitted to

OREGON STATE COLLEGE

In partial fulfillment of
the requirements for the

degree of

DOCTOR OF PHILOSOPHY

June 1949



APPROVED:

Professor of Foods and Nutrition

In Charge of' Major

Head of Department of Foods and Nutrition

Chairman of School Graduate Committee

Dean of Graduate School

Redacted for privacy

Redacted for privacy

Redacted for privacy

Redacted for privacy



ACKNOWLEDGMENT

The author gratefully acknowledges the guidance, inspiration

and assistance of Dr. Clara A. Storvick, Professor of Foods and

Nutrition, during these experimental studies and preparation of

this manuscript.

To Dr. Margaret L. Fineke, Professor and Head of the Depart-

ment of Foods and Nutrition and Miss Betty E. Hawthorne, Instructor

of Foods and Nutrition, the author expresses appreciation for their

interest and cooperation in this research and reading of the manu-

script.

She also expresses her appreciation to Ruth M. Nitcha].s and

Ruth E. Coffey who were responsible for the food analyses, to the

staff of the Department of Dormitories for their cooperation in

food service and to fellow graduate students for their interest and

cooperation.

This research was made possible by the loyal cooperation and

interest of sixteen freshman students who served as experimental

subjects, to whom the author expresses her sincere gratitude.



TABLE OF CONTENTS

Page

CHAPTER I REVIEW OF LITERATtIR.E....................e.p.. ..... 1
ExperimentswjthAdu].ts...,..,...,......,....... 1
Experiments with Children....,................... 4
ExperimentswithAdolescents..,...,...,.,,,.,,,., 6

CHAPTER II PURPOSEOFEX?ERflENTALSTTJDY...................... 7

CHAPTER III PLAN OF THE EXPERI}IENT e . . . . . . .. .. a i s a . a a B

De sorition of Subleots. . . . . . . . . . . . . . . . . . . . . . . . . B
Experimental Periods in 1I- Studj..,...,... 9
Experimental Periods 19L7- Studies..,....., 10

CHAPTER IV EXPERII1ENTAL PROCEDURE... ... ... . ... .. .. . . . . . . . . . ... 11
General Dai]jr Procedure. . . . .. . .. . . . . . . .. ... . .... 11
Food Service, . , , . . . , . . . . . . . . . . . . . . . . . . . . . . . . 11
Aica1 Methods. . . . . . . . . . . . . . . .. . .. . . . . . . . . .. . 14

Determination of Reduced Ascorbic Acid
in Foods,.....,.....,..,...,................. 14

Determination of Reduced Ascorbic Acid
in Plasma.,...,,............................. 20

Standardizationoftheflye..................... 21
TitrationofthePlasma..,,,1...,.,,......,.., 23

CHAPTER V RESULTSANDDISCUSSION..,.......................... 25
Results and Discussion of Food Analysis.,...,.... 25
Results and Discussion of Plasma Analysis1....1.. 26

Girls.. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , 27
Boys.. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 33

CHAPTER VI SUM!vIARI.,...,..,,....,.,.,.,,,.................,... 44

BIBLIOGRAPHY, , ... . . . . . . . . . .... . ..., .. . a .. . . . .. . . a . .. . a a ., a 46

APPENDIX. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 49



LIST OF TABLES

Page

I. Description of Subjects... ......... .......... .......... 8

II. Summary of Mean Ascorbic Acid Intake, Mean Plasma
Ascorbic Acid Values and Their Respective Ranges
for Each Subject

A Adolescent Girls... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
B Adolescent Boys.,............................... 29

III, Mean Concentrations of Plasma Ascorbic Acid Compared
With Milligrams of Ascorbic Acid Ingested Per
Kilogram of Body Weight........................... ..... 42

IV. Ascorbic Acid Content of Food Served at Oregon
State College Dining Halls....... .. . . ... .. . .......... 50

V. A. Total Daily Intake of Ascorbic Acid and Daily
Plasma Ascorbic Acid Values for Adolescent Girls
During Four Consecutive Experimental Periods in

1946-47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

B. Total Daily Intake of Ascorbic Acid and Daily
Plasma Ascorbic Acid Values for Adolescent Girls
During Three Consecutive Experimental Periods in
1947-48. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

C. Total Daily Intake of Ascorbic Acid and Daily
Plasma Ascorbic Acid Values for Adolescent Boys
During Four Consecutive Experimental Periods in
1946-47. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

D. Total Daily Intake of Ascorbic Acid and Daily
Plasma Ascorbic Acid Values for Adolescent Boys
During Three Consecutive Experimental Periods in

1947-48................................................ 67

VI. Significance of Differences Between the Means for
the Concentration of Ascorbic Acid in the Plasnia....... 70

VII. Significance of the Means for the Concentration of
Ascorbic Acid in Plasma by Analysis of Variance

A. Adolescent Girls. . . . . . . . . . . . . . . . . . .. . . . . . 88

B Adolescent Boys. . . . . . . . . . . . . . . . . . . . . 89



LIST OF TABLES (Continued)

Page

VIII. The UTtLtest for Least Significant Difference Between
1eans for the Concentration of' Ascorbic Acid in the
Plasma
A. Adolescent Girls,... . 1 . . . . .,. 1 90
B Adolescent Boys. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

IX. Comparison of Mean Plasma Ascorbic Acid Values of
Boys and Girls..,.........,...................,,..,.... 92



LIST OF FIGURES

Page

I. .i1y Plasma Ascorbic Acid Values of the Girls, 1946-47... 31

II. Daily Plasma Ascorbic Acid Values of the Girls, 1947-48... 34

III. Daily Plasma Ascorbic Acid Values of the Boys, 1946-47.... 36

IV. Daily Plasma Ascorbic Acid Values of the Boys, 1947-48.... 39



THE ASCORBIC ACID REQUIREMENTS OF OLDER
ADOLESCENTS

CHAPTER I

REVIEW OF LITERATURE

A review of literature in the field of ascorbic acid require-

ments showed few data on adolescent subjects. The recommended

allowances for ascorbic acid were derived from studies with adults,

children 8 to 12 years, preschool children and infants (National

Research Council, 1945). The allowances for children over 12 years

apparently were not based on experimental studies with subjects of

this particular age group.

Investigators have used various approaches to the problem of

determining the ascorbic acid requirement of man. Some of the

studies are based on the concentration of ascorbic acid in plasma or

serum, others on urinary excretion levels and still others are a

combination and comparison of both plasma or serum and urinary ascor-

bic acid. In order to study requirements, the daily intake of ascor-

bic acid must be known. Studies in which the intake is controlled

and the food is weighed, sampled and analyzed for ascorbic acid are

most accurate but in some studies food intake records have been kept

and the vitamin content calculated using tables of nutritive value.

Experiments with Adults:

Belser, Hauck and Storvick (1939) comparing plasma and urinary

ascorbic acid for seven adults found that two of their subjects re-

quired from 70 to 85 mg of ascorbic acid per day to maintain tissue

saturation, three required from 85 to 100 mg and two required more



than 100 mg. This was a range from about 1.0 to 1.6 mg per kg per

day.

Storvicic and Hauck (1942) found a range from 1.07 to 1.58 mg

per cent in the plasma values of six adults during saturation.

Intakes of 65 to 150 nig of ascorbic acid pius 10 mg in the diet were

required to maintain tissue saturation. These figures were estab-

lished from data collected by daily determinations of urinary excre-

tion and fasting plasma ascorbic acid. A definite correlation was

observed between the daily urinary excretion of ascorbic acid and

the concentration of ascorbic acid in the plasma on intakes of 75 mg

or less but no consistently significant correlation was found between

the two variables at intakes above 75 mg.

Ralli, Friedman and Sherry (1939) studying daily urinary- excre-

tion of ascorbic acid and occasional plasma ascorbic acid coricentra-

tions of three adults found 100 mg of ascorbic acid the optimum

daily intake as reflected by maximum retention and low excretion.

They believed the plasma ascorbic acid concentration was a more accu-

rate index of vitamin C nutrition when the intake was below 100 mg

daily, but response to intakes higher than 100 mg daily were shown

more accurately by urinary excretion. They suggested that plasma

ascorbic acid values of 1.0 mg per cent or higher indicated "corn-

plete" saturation of the tissues by vitamin C.

Three adult subjects studied by Todhu.nter and Robbins (1940)

required 1.6 to 1.7 mg per kg per day to maintain the tissues in a

state of saturation as indicated by the ascorbic acid in urine and
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plasma. A total daily intake of 60 tug of ascorbic acid resulted in

plasma ascorbic acid values above 1.0 tug per cent. A daily ingestion

of more than 120 tug of ascorbic acid was required to raise the blood

plasma to 1.4 tug per cent,

Finoke and Landquist (1942) studied the ascorbic acid intakes

required to maintain plasma values of 0.8 tug per cent or above and

also to maintain saturation, Daily intakes of approximately 1.1 and

0.8 tug of ascorbic acid per kg per day were necessary for the two

women to maintain an average plasma ascorbic acid concentration of

0.8 tug per cent, and 1.1 and 1.2 tug of ascorbic acid per kg of body

weight were required by the two men, Three other subjects needed

1.7, 1.8 and 2.0 tug per kg of body weight per day in order to main-

tain tissue saturation,

Kline and Eheart (1944) measured the variation among nine women

in the amount of ascorbic acid necessary for saturation as indicated

by urinary response to a 400 tug test dose. The subjects were con-

sidered saturated if 50 per cent or more of the test dose was ex-

creted in 24 hours. Six of the women required 1.4 to 1.8 mg per kg,

one required 0.6 tug or less per kg and the other two required 2.2 mg

or more of ascorbic acid per kg of body weight.

The twelve subjects of Dodds and MacLeod (1944) were studied at

four levels of ascorbic acid intake for periods of two weeks at each

level. With an intake of 32-35 mg of ascorbic acid, their plasma

ascorbic acid concentrations were decreased or barely maintained.

The 57-60 tug intake during the following period brought about an

L
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increase in the plasma value, and with the 82.45 mg intake a further

increase in plasma ascorbic acid concentration was observed. Eight

of the twelve subjects showed no further rise in the plasma ascorbic

acid love], when the intake was increased to 10'7-U0 mg per day.

Daily- urinary excretion of ascorbic acid was studied for three of

the subjects during the last 30 days of the study. An intake of

82 mg was sufficient for these three subjects to reach saturation.

Then related to weight their retention or 'tutilization" values were

approximately ]. mg ascorbic acid per kg of body weight.

Plasma ascorbic acid determinations were made at the beginning

and conclusion of a 10 to 14 day experimental period in which the

56 subjects of Bryan et al. (1941) followed their usual diets but

recorded weights of all food consumed. They reported 65 correlations

on 56 subjects, showing that plasma ascorbic acid concentration in-

creased in a more or less linear fashion with increasing dietary in-

take up to about 1.7 to 1.9 mg per kg per day at which time the

plasma values approximated 1.0 mg per cent. This was considered the

saturation level since a further increase of intake had little effect

on plasma ascorbic acid concentration.

ExDeriments with Children:

Among younger age groups studies have been conducted with pre-

school and school age children. Everson and Daniels (1936) studied

the retentions of ascorbic acid by following the urinary excretion

of three boys 39, 57 and 59 months of age. Retentions of ascorbic

acid paralleled the ingestlons up to 7.5 mg per kg, but higher
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ingestions were without influence on the retentions of the children

studied. The highest retentions were found in the youngest child

suggesting that possibly there Is a greater demand for vitamin C by

the younger tissue,

Hathaway and Meyer (194].) and Meyer and Hathaway (1944) also

found that a daily intake of 31 mg of ascorbic acid was the marginal

level for tissue saturation of the four subjects studied in 1939-40.

A daily intake of 23-25 mg of ascorbic acid was not sufficient for

tissue saturation in the eight children of the 1940-41 and 1941-42

studies. On the basis of their studies they concluded that the

requirements of these children were not related to sex, age or body

weight.

Roberts and Roberts (1942) studied five children 7 to 12 years

of age, determining daily urinary excretion and occasional plasma

values, A 300 mg test dose was given following each level of intake,

The two youngest children required 65 mg of ascorbic acid, and the

three oldest required 75 mg for saturation as determined by 50 per

cent excretion of the test dose in 24 hours,

Dietary histories and blood plasma levels of 93 healthy city

children were studied by Bessey and Vhite (1942). They found that

three ounces or more of orange juice or an equivalent amount of

ascorbic acid (45 mg) in citrus fruits or tomatoes maintained a

blood plasma level of 0.7 mg per cent, which they considered indica-

tive of a liberal intake,

Thirty pre-adolescent girls, between 6 and 12 years of age,



were studied by Roberts et al (1943). Estimations of the dietary

intakes for all subjects were based on ascorbic acid analyses of

food eaten by six of the subjects over a week's period. Using

plasma ascorbic acid values of 0.7 wig per cent and excretion in 24

hours of 50 per cent of a 300 wig test dose as the criteria indicat-

ing the satisfactory state of ascorbic acid nutrition, these workers

found that intakes of 32 or 42 wig were not adequate. Only one sub-

ject on the 52 wig intake met the standard, while four-fifths of

those receiving 62 wig and all receiving 72 wig of ascorbic acid were

saturated. It was concluded that 62 to 72 wig of ascorbic acid were

adequate for pre-adolescent girls.

Experiments with Adolescents:

Eight young adolescents, four boys and four girls, participated

in a study reported by Storvick et al (1947). Fasting blood plasma

ascorbic acid was determined daily during three one-week periods

when the ascorbic acid intake was controlled. For these subjects it

was found that the daily allowance of ascorbic acid recommended by

the National Research Council (1945) resulted in plasma ascorbic

acid values lower than those which they attained during the satura-

tion period but well above 0.6 wig per cent, the quantity considered

adequate by Butler (1940).
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CHAPTER II

PURPOSE OF EXPERThNTAL STUDY

The purpose of this investigation was to further the knowledge

of ascorbic acid requirements of adolescents.

The requirements of eight girls and eight boys were determined

by studying the concentration of ascorbic acid in the plasn. on four

levels of ascorbic acid intake for seven day periods in 1946-47, and

three levels of ascorbic acid intake for ten day periods in 1947-48.



CHAPTER III

PLAN OF THE EXPERIMENT

Description of Subjects:

E]

The subjects were selected through the elementary nutrition and

chemistry classes, as it was felt that these students would have a

better understanding of and be more interested in the study than

students lacking a science background. All of the subjects were

members of the freshman class and were presumably normal, healthy,

older-adolescents. The description of the sixteen subjects, eight

girls and eight boys, as to age, weight and height is given in

Table I.

TABLE I

Description of Subjects

Subiect Age Mean F,igbt Heigh
Lbs. Kg. In.

1946-47
Girls: MG 18 119 54 61 i/i

VH 16 125 57 67
BR 19 130 59 65 3/1
PS 18 111 50 591/

Boys: JO 18 155 70 71 l/
VD 18 156 70 691/1
JJ 18 157 71 71
GS 18 170 77 711/1

1947-48
Girls: NA 18 117 53 65 i/

BD 18 116 53 65
18 ]45 66 651/

ER 18 153 70 64 1/
Boys: TO 18 186 85 73 it

liE 18 182 83 731/
WP 18 129 59 66

18 151 69 701L



The subjects were only moderately active with the exception of

JJ who was very active. They carried full class schedules, each

including a physical education course, and they participated in

various extracurricular activities.

Prior to the studies the dietary backgrounds of the subjects

varied. The girls, PS, MG and IR had eaten at the Memorial Union

cafeteria, BR ate at a sorority house, NA. and BD ate at a girls'

cooperative house, MF ate at Waldo HaU, a girls' dormitory, and W}!

ate with her brother and his family with whom she lived. All of the

boys ate their meals in the quonset cafeteria, except VP who ate at

a private boarding house off campus.

Experimental Periods in 1946-47 Studies:

In the 1946-4? studies, four one-week experimental periods were

used for each of the two groups of subjects. JYu.ring the first week

the subjects ate the regular dormitory diet libitw, but all the

food eaten was weighed and recorded. The second week was the satu-

ration period and during this time the subjects were given 200 mg of

crystalline ascorbic acid1 daily in addition to the regular dormitory

diet, During the third and fourth weeks of the study, the ascorbic

acid intake from food was restricted to 20 mg or less by substituting

foods of lower ascorbic acid content for those foods on the menu

which were high in ascorbic acid. Supplements of crystalline

1 The author is indebted to Merck & Co., Inc., Rahway, New Jersey
for a generous supply of crystalline ascorbic acid.
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ascorbic acid were given during the third period so that the total

ascorbic acid intake was equal to the recommended allowances of the

National Research Council for the age and sex of the particular

subjects. A decrease of 10 mg in the crystalline ascorbic acid

supplement was made during the fourth period, thus the total intake

was 10 mg less than the recommended allowances of the National

Research Council.

Experimental Periods in 1947-48 Studies:

The 1947-48 studies were divided into three ten-day periods

rather than into four one-week periods as in the 1946-47 studies.

It was felt that it might be more valuable to omit the orientation

period on the usual diet and to have the other three periods ex-

tended to ten days rather than have four periods of one week each.

This longer experimental period allowed more time for adjustment

to a new level of ascorbic acid intake. During the first ten days

the subjects were given 200 mg of crystalline ascorbic acid plus

the amount present in the foods on the usual dormitory diet. Again

during the second and third periods, the food ascorbic acid was

limited to 20 mg or less. During the second period a supplement of

crystalline ascorbic acid was given so that the total ascorbic acid

intake was equal to the recommended aUowance of the National Re-

search Council. During the third period the crystalline supplement

was decreased by 10 mg making the total ascorbic acid intake 10 mg

less than the recommended allowance of the National Research Council.
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EXPERThIENTAL PROCEDURE

General Daily Procedure:

The general procedure for the day was as follows: the subjects

reported to the research laboratory at 6:45 AM, weighed themselves

and recorded their weights on the chart posted in the laboratory.

Next they warmed their hands in running hot water. The blood samples

were taken by finger puncture and after the samples were checked to

see that there was no hemolysis, the subjects were given their

crystalline ascorbic acid supplements, except during the first week

of the 1946-47 study when no additional ascorbic acid was administer-

ed. The subjects reported to the dormitory (or cafeteria) at meal

times where all their food was weighed for them. No food was eaten

between meals, but black coffee was permitted libituin, After the

evening meal of the third and fourth periods of the 1946-47 studies

and the second and third periods of the 1947-48 studies, the subjects

again reported to the laboratory to receive an additional supplement

to make up the difference between the amount of ascorbic acid actu-

ally obtained and the 20 mg which were allowed from food each day.

Food Service:

The studies with the girls were conducted at Snel]. Hall, a girls'

dormitory, conveniently located near the Home Economics Building.

This dormitory was selected because the dining hail bad table rather

than cafeteria style service, A table near the kitchen was selected
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for the experimental subjects and the research workers. The cold

foods were weighed before the dinner bell rang so that full attention

could be given to weighing the hot foods at the last minute. Bowls

of the different foods were brought to the table where individual

portions were weighed for the subjects. As far as was. possible,

each food was kept separate, for example, cottage cheese, pineapple

and lettuce which were to be made into a salad were brought to the

table in three separate bowls and each ingredient was weighed as the

salad was made, In the same manner, whipped cream or sauces were

weighed separately from the foods on which they were served.

The studies with the boys were carried out at the Memorial Union

cafeteria. Since all the meal service for boys on the campus is

cafeteria service, the Memorial Union was selected because of its

convenient location to the Home Economics Building. Cafeteria ser-

vice brought up different problems but a routine was worked out so

that one person went through the serving line just before the serv-

ing period started and picked up all the cold foods for the entire

group. These were weighed at the table and placed on the individual

trays. At the time the subjects arrived, another trip was made

through the line, to pick up the hot foods.

All the food which the subjects ate was weighed on a Chatillon

balance immediately before serving. Milk was weighed directly into

glasses. Other food was weighed on small tin pie plates and trans-

ferred to individual trays or plates. Standard portions of 100 gm

of fruit and vegetables were served except when there was a limited
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supply available or possible high ascorbic acid content made it

necessary to decrease the size of the portion during the periods

when the ascorbic acid from the food was restricted. Larger por-

tions of a few foods (e.g. potatoes) were served during the unre-

stricted periods if requested by the students.

During the periods when the total ascorbic acid intake was not

restricted, fruits with pits or rinds and meat with bone and gristle

were weighed intact for each subject. After the meal the inedible

portions were weighed back and that amount was subtracted from the

original weight of the serving. When identical servings were de-

sired for each subject throughout the periods of limited ascorbic

acid intake, the pits or rinds were first removed and then identical

servings were weighed. Meat continued to be weighed as in the

earlier periods since it was not analyzed and equal servings were not

necessarily given to each subject.

The food service in the living units on the campus is supervised

by the Department of Dormitories. Menus come from the dormitory

office and may be changed by each dining room manager to comply with

the facilities for preparation and serving in her own particular

food service unit. At Snell Hall, during 1946-47, the manager did

not serve citrus fruits at breakfast because she felt that many of

the girls did not get up for this meal and would not get an adequate

supply of ascorbic acid. The citrus fruits were, therefore, served

in salads and desserts at other meals but from the author's observa-

tions the quantity used in this manner was not equivalent to the



amount one would receive in a whole orange or half of a grapefruit.

The Memorial Union service, using partitioned trays instead of

plates, presented difficulties in serving some foods but whole

oranges and grapefruit halves could be used conveniently and appear-

ed very frequently as breakfast fruits.

Difficulty in analysis was encountered with several foods.

Meats in general were not sampled for analysis but one evening out

of curiosity liver was analyzed and found to have a value of 25.6B

mg per 100 gin. It was felt that this probably was not wholly ascor-

bic acid but was due to some interfering reducing substance. Potato

chips also gave upon analysis a higher ascorbic acid value than was

expected, i.e., 32,42 ing and 24.11 mg per 100 gin. Vegetable soup

was another food that caused difficulty. Two analyses of vegetable

soup had given low values (0.00 and 2.00 mg per 100 gin) so one day

when food ascorbic acid was being restricted to 20 mg, 350 gin of

vegetable soup were served to each boy. This particular soup analyz-

ed at 5.13 mg per 100 gin, so considering the other foods already

served that day, the 20 mg daily allotment had been exceeded. As a

result of these experiences, liver and potato chips were excluded

from the diet and it was decided that vegetable soup should be

analyzed before being served,

Analytical Methods:

Determination of Reduced Ascorbic Acid in Foods

The method of Loeffler and Ponting (1942) was followed for

the analysis of foods. The equipment used for this procedure was
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as follows:

1. Evelyn Photoelectric Colorimeter with filter no. 520

2. Waring Blendor Units

3. Fast flowing pipette calibrated at 9 ml (or syringe

pipette)*

4. Stop Watch

5, Funnels

6. Evelyn Test Tubes, checked for uniformity

7. One-ounce Glasses

8. One ml quantitative pipettes (or syringe pipettes)*

The reagents were prepared in the following manner:

1. 1% inetaphosphoric acid (fresh daily)

It was found convenient to make a 6% solution by

weighing out 42 gin of HPO3 and making up to 700 in].

with water at night. The acid was dissolved by

morning and diluted from this concentrated 6% solu-

tion to the 1% solution as needed.

2. Sodium 2, 6-dicblorobenzenoneindopheno].

120 mg of dye were made to I liter with distifled

* During the second year, syringe pipettes were found to be very
helpful in the analytical procedure. They are made for syringes
of different sizes and are adjustable so that the pipette will
rapidly deliver a constant amount of solution. They may be

obtained from:
Mr. H, Huff
Northern Tool and Instrument Co.
164-21 Northern Blvd.
Flushing, New York
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water. This concentrated dye was made weekly and

diluted daily 1:10 for use When the galvanometer

was set at 100, 9 ml of the diluted dye and 1 ml

of HPO3 gave a galvanometer reading of approxi-

mately 30.

Any food which was known to contain or thought to contain

ascorbic acid was analyzed for reduced ascorbic acid by the

method of Loeffler and Ponting (1942). All fruits, vegetables

and dairy products except milk were analyzed each time they

appeared on the menu. Milk, delivered once a day at the dining

halls, was analyzed each morning. Any mixture made with vitamin

C containing foods was analyzed. Condiments, pickles and relishes

were tested for possible ascorbic acid content.

Samples of liquids to be analyzed were placed in chemically

clean one-half pint Mason jars and taken immediately to the labora-

tory for analysis. A ten gram portion was weighed into a beaker on

a trip balance, 70 ml of 1% HPO3 added and the contents stirred

before being filtered through coarse filter paper.

Solid foods were sampled at the dining halls at the time the

food for the subjects was weighed. Twenty-five gram portions of

food known to contain relatively large amounts of ascorbic acid

(e.g., orange sections, tomato, cabbage and grapefruit) and fifty-

gram portions of foods containing smaller amounts of ascorbic acid

were weighed directly into one-half pint Mason jars. A 100 ml por-

tion of 1% HPO3 was added from a graduated cylinder. The samples
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were taken immediately to the laboratory for analysis.

The contents of each Mason jar were transferred quantitatively

into a Waring Blendor unit using 250 ml of 1% HP03 to make a total

of 350 ml of acid. This is a proportion of seven parts of acid to

one part of food for 50-gram samples or 14 parts of acid to 1 part

of food for 25-gram samples. Loeffler and Panting recommend a

proportion of not less than 7 parts acid to 1 part food. The mix-

ture was blended for five minutes, allowed to settle a little and

filtered through coarse filter paper into one-ounce glasses. The

clear filtrate containing the ascorbic acid was analyzed colon-

metrically using an Evelyn Colorimeter with filter 520 to measure

the color intensity. The details of the procedure are as follows:

1. The ga].vanometer of the instrument was set at 100

with distilled water in a test tube checked for

uniformity. One ml of 1% HPO3 was introduced in-

to 1 of 5 matched test tubes and 9 ml of dye

added within 5 seconds from a fast flowing pipette

or syringe pipette. The contents were agitated

and read in the colonlmeter 15 seconds after the

beginning of the addition of the dye. This value

was recorded as the blank or value.

2. One ml aliquots of the sample filtrate were placed

in each of the four remaining test tubes. Nine ml

of water were added to the first tube and the galva-

nometen set at 100 to correct for color and turbidity
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of the sample.

3. Nine ml of dye were added to the first of the other three

tubes and readings were made at 15 seconds (G) and 30

seconds after the beginning of the addition of the

dye. The difference between and G]5 representing the

reduction of the dye by non-specific reducing substances,

was subtracted from the G15 value and recorded as G2.

This value represents the dye reduction at zero time. It

has been shown by Evelyn (1938) that ascorbic acid is re-

duced practically instantaneously while interfering sub-

stances react with the dye more slowly. Therefore, the

value may be taken to represent the dye reaction due

to ascorbic acid alone.

4. The aliquots in the other two tubes were analyzed in the

same manne±, The and G2 values were corrected for

galvariometer variation by reference to the chart furnished

with the instrument. The average corrected blank (G1)

reading for the determinations of all the foods of a

single meal was used in calculating the ascorbic acid

content. L, and I values corresponding to the corrected

and G2 values were recorded from the table supplied

with the instrument where 2-log G1 and L2 = 2-log G2.

The average L2 value for each series of three test tubes

was used in calculating the ascorbic acid content of the

food.
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5. Calculation: The ascorbic acid content of the food ex-

pressed as ing per 100 gm was calculated using the follow-

ing formula:

MG. .AA/100 Gm food IC(L1-L2)(Weight of acid 4 Weight of sample)

Weight of sample

K, a constant determined by analyzing standard ascorbic

acid solutions, was found to be 10.86 in 1946-47 and 10.85

in 1947-48, The weight of each food sample was taken to

represent the weight of water it contained since most of

the fruits and vegetables analyzed contain 90 per cent

water.

Sample Calculation:

!ood Wt. of
Sample 03 G1

Corr.

G1 '15
G30 G15-G30 G2

)orr.
G2

L1 L2 L1-L2 A.A.

gin ml mg
'me-
Lpple 50 350 31 312 37 372 2 3& 371 0.502 0.429 0.073 6.6

372 38 o2 37 373 0.423 0.079

371 373 o2 36: 372 0.426 0.076
Av.
0 076

Calculation:

Concentration as Mg/100 gin

- L2)(Weight of acid + Weight of sample)

Weight of sample

C (lo.86)(o,o76)(!iQQ) : 6.60 mg/100 gin
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Determination of Reduced Ascorbic Acid in Plasma

Determinations of fasting plasma ascorbic acid were made

daily by the micro-method of Farmer and Abt (1939). The following

equipment was used in this procedure:

1. Oxalated blood vials

2. Clean vials for centrifuging deproteinized plasma

3. 0.2 ml pipettes

4. Microburette, (special design of Farmer and Abt,

obtained from Sargent & Company, Chicago)

5. Spot plates

6. Lancet

7. Slender glass stirring rods (about 3" long) made

by drawing out solid glass rod.

8. Small corks for vials

9. Pointed glass stirring rods for titrating

10. Clinical centrifuge

The reagents were prepared as follows:

1, Lithium oxalate, 2 per cent solution

2. Mercury

3. 5 per cent metaphosphoric acid (fresh daily)

4. 2 per cent metaphosphoric acid (fresh daily)

5. Dye: 0.2 gm of sodium 2,6-diohlorobenzenoneindophenol

and 50 ml of 6.8 phosphate buffer are made up to 500 ml

with redistilled water. Dilute 1:10 for use.

6. Standard ascorbic acid solutions: 40 mg ascorbic acid
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were placed into a 100 in]. volumetric flask. Twenty ml

of 2 per cent sulfuric acid containing 2 per cent meta-

phosphoric acid were added and the solution made up to

100 in]. with redistjl].ed water.

For the standardization, 2 ml of the above solution

were diluted to 100 in]. with redistilled water. The

standard ascorbic acid solutions which were titrated

contained 0.008 ing ascorbic acid per in]..

Dilutions were made from two standard solutions for

standardizing the dye. A third standard was prepared and

diluted if good checks were not obtained with the first

two.

7. Blank Solution: Twenty ml of 2 per cent sulfuric acid

containing 2 per cent metaphosphoric acid were made up

to 100 ml with redisti].led water. Two in]. of this solu-

tion were diluted to 100 in). with redistilled water

before using.

8. Phosphate Buffer pH 6.8: Prepared by combining equal

volumes of N/15 Na2HPO42H20 (11.8711 gin per liter)

and N/15 KH2PO4 (9.0760 gin per liter).

Standardization of the Dye:

1. A rubber tube with glass stopper at one end was filled

with clean mercury and put on the straight en4 of the

microburette. The microburette was filled with the dye

by holding the curved tip in the dye solution and turning
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the screw of the microburette holder clockwise until a small

drop of the mercury was expelled into the dye solution, and

then filled to the desired point by turning the screw in the

reverse direction.

2. Three 0.2 ml aliquots of each of the standard ascorbic acid

solutions were transferred to depressions of the spot plate

and were titrated with 2,6-dichlorobenzenoneindophenol using

the Farmer and Abt microburette. The dye was added until a

faint pink color appeared. 0.2 ml, of 2j per cent metaphos-

phoric acid, which had been pipetted into an adjacent depres-

sion in the spot plate was titrated with the dye until the

faint pink color matched the ascorbic acid sample.

The equation for the chemical reaction which occurs in

the titration is as follows:

0=0

HO-C ci Cl 0=0

HO__j O OH HO- OH + 0=0

H-C Cl N ci- -iH- H-C

HO-C-H HO-C-H

H2-C-OH H2-C-OH

Ascorbic 2,6-dichlorobenze- Reduced Dehydro-
acid noneindophenol indicator ascorbic

(blue in alkali, (colorless) acid
red in acid)
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3. Calculation:

li in aliguot : dye equivalent
ml dye used for aliquot - ml dye used for blank

Example:

Standard
Solution Sample

Titre with Dye
Sample - Blank

Dye
EguivaleniSample Blank

I

Ml

0.2

Ml

0.0840

Ml

0.0035

Ml

0.0805 0.0199

0.0016 : 0.0199
0.0840 - 0.0035

Titration of the Plasma:

1. Blood was collected by finger prick into an oxalated vial,

stirred with a fine glass stirring rod, stoppered and

centrifuged for 3 to 5 minutes.

2. Into a conical tip vial 0.1 ml of plasma and 0.1 ml of re-

distilled water were pipetted with the same pipette. Then

0.2 ml of 5 per cent mnetaphosphoric acid was added and mixed

thoroughly by tapping the vial against the palm of the hand.

The coagulated protein was centrifuged down (about 5

minutes).

3. Two 0.2 ml aliquots of deproteinized plasma were transferred

to each of two depressions in the spot plate and titrated

with a solution of sodium 2,6.-diohlorobenzenoneindophenol

until a faint pink color appeared. In an adjacent depression

of the spot plate 0.2 ml of 2 per cent metaphosphoric acid

was titrated with the dye until the faint pink color matched
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the color of the titrated plasma sample.

4. Calculation:

(ml dye used for AA in plasma - ml dye used for blank) (dye
equivalent)(2000) : mg Ak per 100 ml blood plasma

Example:

Subject Sample
Titre with Dye Sample-

_Blank
Dye

Equivalent
PlasmE

AkSample Blank

Iary Smith

ml.

0.2

ml

0.0145

ml

0.0045

ml

0.0100 0.0199

mg%

0.398

* (0.0145 - 0.0045)(0.0199)(2000) : o.39a mg %.
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CHAPTER V

RESULTS AND DISCUSSION

Results and Discussion of Food Analysis:

The various foods analyzed, the number of times they were served

and average mg of ascorbic acid per 100 gin of food are shown in Table

IV in the appendix. The number of times each food was served refers

to the times they were served to our subjects and not necessarily the

frequency with which they appeared on the dormitory menus, During the

third and fourth periods of the 1946-47 studies and the second and

third periods of the 1947-48 studies the foods of high ascorbic acid

content were replaced in the diet by foods low in ascorbic acid, Thus,

for example, our records show that peaches were served more frequently

and that oranges and grapefruit appeared fewer times for our subjects

than on the regular dormitory menu. It was necessary to make such

substitutions in order to keep the ascorbic acid content of the diet

low, i.e., 20 mg or less, so that the larger part of the ascorbic acid

intake could be given as crystalline ascorbic acid which was accurately

weighed on an analytical balance.

In the foods as served, no consistent differences could be ob-

served between those served at Snefl Hall and the Memorial Union, At

both the dormitory and the Memorial Union there were variations In the

ascorbic acid content of any particular food at the different times it

was served.

The greatest differences as far as food Intake was concerned were
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found in the quantities of food eaten by the subjects. The boys ate

much larger quantities of food, especially of such food as bread,

potatoes and sweet rolls. The girls, on the other hand, were conscious

of their weights and they wanted to eat a minimum of those foods which

they thought were fattening. All of the subjects were very coopera-

tive about eating the foods served to them which was as expected since

the routine and requirements of the study had been carefully explained

to them before they agreed to participate in it.

Results and Discussion Plasma Analysis:

The daily fasting plasma ascorbic acid values for each subject,

their total daily ascorbic acid intake and their respective means are

given in Tables V-A, V-B, V-C and V-D in the Appendix. Deviations

from the means and the average mean deviations are also given. During

the 1946-47 studies, the plasma values for all of the days in the first

or orientation period of each study, were considered in the calcula-

tions since no attempt was made to control the ascorbic acid intake

for this period. For the second, third and fourth periods, the plasma

values were averaged for the last five days, thus allowing two days

for the subjects to adjust to the new levels of intake. In the 1947-48

studies the mean values have been calculated both on the basis of the

last eight days and on the last five days, which means in the first

instance, that two days have been allowed 1' or adjustment to the new

levels of intake and in the latter case five days have been allowed

for this adjustment. The purpose of these two sets of calculations

was to show whether the longer experimental periods were really
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necessary (Table VI in the Appendix). All of the daily ascorbic acid

intake values were averaged in every experimental period. Tables Il-A

and Il-B present a summary of the data for each subject including

their mean ascorbic acid intake, mean plasma ascorbic acid values and

their ranges of intake and plasma during each experimental period.

The ascorbic acid intakes during the last two periods of the studies

of both years are also expressed in rng of ascorbic acid per kg of body

weight.

The significance of the differences between the means has been

tested statistically. The difference was considered significant if it

was twice as large as the standard deviation of the differences.

Gixls:

In the first, or orientation period, of the girls' study in

1946-47, three of the four girls showed near-saturation values accord-

ing to the results of fasting plasma ascorbic acid determinations

(Fig. 1 and Table Il-A), The mean fasting plasma ascorbic acid values

were 1.00 mg per cent or higher for three of the subjects during this

period. WH's value (0.61 mg per cent) was considerably lower than

those of the other girls, This lower value was probably due to a pre-

vious diet which was low in citrus fruits and other sources of ascorbic

acid. She was living with her brother and his family, while her

brother was attending school under the G.I. Bill, so food expenditures

necessarily were kept at a minimum. The mean daily intake for the

group was 73 mg of ascorbic acid, ranging from 64 to 78 mg for the

individual subjects. The steady decrease in plasma ascorbic acid
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Table II

Swmnary of Mean Ascorbic Acid Intake, Mean Plasma Ascorbic Acid Values
and Their Respective Ranges for Each Subject

A. Adolescent Girls

Usual Diet Period Saturation Period N.R.C. Recoxmnended Allowance 10 Mgs Less than N.R.C. Recommended Allowance
1kIi.A.A.

Moan A.A. in Plasma Mean A.A. Mean A.A. in Plasma Mean A.A. in Plasma Mean AA. in Plasma
Last 8 days Last 5 days Last 8 days Last 5 days Last 8 days Last 5 daysSubject Intake All days Intake Mean A.A. Intake Mean A.A. Intake

of Period of period of period of period of eriod of eriod of period
Mday WI1 9T M1% Z7'iIf Mg/kg Mg 7 iJday Mgcg

19146-147

M.G. 641 2 1.01 . 0.17 219 . 14 1.13 0.03 82 14. 1.5 0.99 0.10 71 2 1.3 0.86 0.07
(17-112)3 (0.67-1.33) (210-226) (1.014-1.19) (75-99) (0.58-1.15) (o-4) (0.75-0.93)

W.H. 76 33 0.61 o.i4 219 14 1.11 ± 0.11 63 5 1.5 0.96 0.07 71 2 1.2 0.80 0.05
(28-175) (0.20-0.78) (210-226) (1.00-1.30) (78-101) (0.80-1406) (70-74) (0.72-0.86)

B.R. 78 .t 35 1.00 0.12 219 £ 14 1.15 . 0.014 82 4. 1.11. 0.97 0.03 71 2 1.2 0.92 0.0(
(30-200) (0.81-1.25) (210-226) (1.07-1.214) (78-95) (0.93-1.00) (70-714) (0.86-0.99)

75 Z 36 1.08 0.10 219 4. 1.21 0.06 80 1 1.6 1.07 0.08 71 2 1.4 1.014 t 0.10
(16-187) (0.79-1.26) (210-226) (1.33-1.29) (76-82) (0.87-1.16) (70-174) (0.86-1.15)

19147-148

N.A. 261 :11 1.03 0.05 1.02 0.07 60 0.4 1.5 0.85 0.07 0.83 0.06 70 0.3 1.3 0.81 0.05 0.82 ± 0.01
(2143-289) (0.90-1,10) (0.90-1.10) (78-81) (0.73-0.914) (0.73-0.94) (69-72) (0.69-0.87) (0.72-0.86)

B.D. 261 11 1.18 0.07 1.19 0.06 80 0.4 1.5 0.88 0.06 0.90 0.05 70 0.3 1.3 0.91 0.07 0.95 ± 0.06
(214.3-289) (1.09-1.29) (1.12-1.29) (78-81) (0.78-0.98) (0.78-0.98) (69-72) (0.77-1.02) (0.82-1.02)

M.F. 261 t 11 1.25 0.12 1.26 0.10 80 0.14. 1.2 0.97 0.08 0.98 £ 0.04 70 0.3 1.1 0.96 0.02 0.96 ± 0.0
(2143-269) (1.10-1.42) (1.10-1.42) (78-81) (0.87-1.05) (0.93-1.04) (69-72) (0.93-1.01) (0.914-0.99)

R.R. 261 11 1.22 0.12 1.27 0.06 80 t 0.14. 1.1 1.03 0.014. 1.02 0.04 70 0.3 1.0 0.98 £ 0.04 0.99 * 0.01
(2143-289) (0.914-1.40) (1.17-1.40) (78-81) (0.98-1.09) (0.95-1.09) (69-72) (0.94-1.04) (0.94-1.04)

3. Mean

2 Average deviation from the mran
3 Range
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Table II

Summary of Meaii Ascorbic Acid Intake, Mean Plasma Ascorbic Acid Values
and Their Respective Ranges for Each Subject

B. Adolescent Boys

-

Usual Diet Period Saturation Period N.R.C. Recommended Allowanoe 3.0 Mgs Less thanN.R.C. Recommended Allowance

Mean A.A.
Mean A.A.
in Plasma Mean A.A. Mean A.A. in Plasma Mean A.A. in Plasma Mean A.A. in Plasma

Last 8 days Last 5 days Last 8 days Last 5 days Last 8 days Last 5 daysSubject Intake All days Intake Mean A.A. Intake Mean A.A. Intake
of Period of period of period of period of period of period of period

M6/day Mg % Mg/day Mg % Mg % Mg/day 1g/kg Mg % Mg % Mg/day Mg/kg Mg % Mg %

l946-L.7 1161t 312 0,73 0.07 319 ± 45 1.07 t 0,10 100 0 i.4 0.91 0.06 92 3 1.3 0.79 t 0.07

s.c. (22-159)3 (0.66-0.92) (260-143) (0.93-1.214.) (100-102) (0.82-0.99) (90-105) (0.63-0.86)

V.1). 130 54 0.39 0.1]. 357 69 1.01 ± 0.09 100 0 1.4 0.82 0.014. 92 3 1.3 0.75 0.07

(21-296) (0.18-0.66) (264-1486) (0.89-1.22) (100-102) (0.72-0.85) (90-105) (0.68-0.88)

J.J. 102 32 0.39 0.04 327 47 0.90± 0.1]. 100 0 i.L,. 0.90 0.05 92 3 1.3 0.80 .t Qcy
(24-164) (0.33-0.45) (266-14.2].) (0.68-1.12) (100-102) (0.84-1.02) (90-105) (0.69-0.96)

G.3. 130 40 0.6] 0.13 3214. 47 1.07 0.03 100 0 1.3 0.86 ± 0.04 92 t 3 1.2 0.84 o.aL
(21-198) (0.39-0.89) (263-14.24) (1.00-1.13) (100-102) (0.77-0.95) (90-105) (0.79-0.94)

1947-14.8

T.C. 272 Z 25 0.80 0.414. 0.99 0.20 100 Z 04 1.2 0.90 0.06 0.90 0.02 90 .t 0.6 1.1 0.82 a 0.09 0.84 o.o5

(2Li.3-311) (0.39-1.31) (0.63-1.31) (99-101) (0.84-0.96) (0.84-0.91) (87-92) (0.69-0.93) (0.76-0.93)

D.. 270 t 29 0.71 0.32 0.68 t 0.10 100 0.14. 1.2 0.69 .t 0.10 0.67 r 0.04 90 0.6 1.1 0.67 0.03 0.68 0.02

(240-320) (0.38-1.06) (0,63-1.06) (99-101) (0.62-0.77) (0,62-0.714.) (87-92) (0,61-0.71) (0.65-0.71)

W.P. 270 .t 27 1.11 0.11 1.12 t 0.09 100 .t 0.4 1.7 0.79 0.09 0.81 .X 0.04 90 0.6 1.5 0.72 0.07 0.714. o.oE

(243-318) (0.99-1.32) (0.99-1.32) (99-101) (0.72-0.85) (0.75-0.85) (87-92) (0.62-0.88) (0.69-0.88)

D.R. 265 21 1.04 t 0,17 1.09 t 0.06 100 o4 1.4 0.73 0.09 0.69 0.02 90 ± 0.6 1.3 0.73 . 0.09 0.714. 0.08

(243-298) (0.87-1.18) (0.94-1.18) (99101) (0.64-0.84) (0.64-0.72) (87-92) (0.59-0.89) (0.59-0.83)

1 Mean
2 Average Deviation from the mean

3 Range
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shown by MG during the early part of this first period may be explain-

ed by the fact that prior to the study she was probably in a state of

saturation due to the high intake of fruits. The day before the study

began she had eaten six oranges.

A rise in plasma ascorbic acid values was observed in all cases

with the ingestion of saturation levels of ascorbic acid during the

second period. WH showed a rapid rise until her value was in the same

range as the other subjects. Although the other three subjects appear-

ed to be saturated, WH possibly may not have been since on the last

day of the saturation period her plasma value was the highest she had

shown, There is a question, therefore, as to whether a further in-

crease would have been shown if the period had been extended.

There was a significant decrease in the plasma ascorbic acid con-

centration in all subjects when the mean level of ascorbic acid intake

was decreased for the third perIod to 82 mg1 which is slightly higher

than the 80 mg recommended allowance of the National Research Council.

During the previous week the mean intake had been 219 mg, so that 82

mg is a decrease of 137 ing from the previous intake. The mean plasma

values during this period were very similar to the mean plasma values

of each subject during the first period with the exception of WH,

whose value remained 0.35 mg per cent higher than her mean value for

1 A mean intake of 80 mg of ascorbic acid had been the aim for this
period, and this had been achieved except for the last day of the
period when a high value for liver was obtained.

L
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the first period. WH's mean plasma value was however very similar to

those of the other subjects during the third period.

A further significant decrease in plasma ascorbic acid values was

shown by two subjects (MG and WH) during the fourth period when the

mean ascorbic acid intake was 71 mg, or 11 mg less than during the

third period. A decrease in mean plasma ascorbic acid content of 0.13

and 0.16 mg per cent was shown by MG and WH respectively, between the

third and fourth periods, while the values of BR and PS showed respect-

ive decreases of only 0.05 and 0.03 mg per cent. PS was the only

subject whose plasma value did not "level off" at this particular

intake. WH had a mean plasma value of 0.0 mg per cent which was

lower than the other subjects. She was the youngest subject, being

16 years of age, and it may be that she had a higher requirement for

ascorbic acid,

The ten day saturation period during the i947-4g study seems to

have been sufficiently long for the plasma to become saturated in all

four girls as indicated by a "leveling off" at plasma values above 1.00

mg per cent (Fig. 2 and Table 11-A). The mean plasma values for the

last five days of the perIod were 1.02, 1.19 1.26 and 1.27 mg per cent

for NP,. BD, MF and RB. respectively.

A significant decrease in plasma ascorbic acid between the satura-

tion period and the second period when the ascorbic acid intake was 80

mg per day was shown by all subjects, regardless of whether the plasma

values of the last eight days or only the last five days of the period

were considered. The decrease was 0.19, 0,29, 0.28 and 0.25 mg per
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cent for the different subjects when considering the last five days of

each period. The mean plasma values for the last five days remained

above 0.80 ing per cent in all cases.

With these four subjects, a 10 mg decrease in the level of ascor-

bic acid intake (to a mean of 70 mg per day) resulted in no signifi-

cant decrease in the plasma ascorbic acid values when calculated on

the basis of the last five days, and in only one case was there a sig-

nificant decrease when calculated on the last eight days of the period.

In the 1946-47 study with the girls the recommended allowance of

the National Research Council of 80 mg of ascorbic acid per day appear-

ed to maintain the plasma ascorbic acid at a concentration near 1.00

mg per cent for at least one week following a period of saturation.

During the 1947-48 study the same level of intake maintained mean

plasma values for the last five days of 0.83, 0.90 0.98 and 1.02 mg

per cent in a ten day period following saturation. For all of the

girls in both studies the mean fasting plasma values on the 80 mg level

of ascorbic acid intake were all significantly lower than the mean

plasma ascorbic acid values during saturation, but in no case was the

mean below 0,80 mg per cent. With six of the eight subjects, the 70

mg intake of ascorbic acid appeared, under the conditions of these

studies, to be equally as effective as was the 80 mg intake in main-

taining the concentration of ascorbic acid in the plasma.

By:

The fairly low mean plasma ascorbic acid values of the boys

(0e78, 0.39, 0.39 and 0.61 mg per cent) in the first period of the
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1946-47 study when the ascorbic acid intake was not controfled is a

general indication of a previously poor intake which may be due to

a number of causes (Fig. 3 and Table 11-B). These subjects did not

get up regularly for breakfast which is the meal when most of the

citrus fruits were served. VD ate citrus fruits only occasionally

because he did not care for them,

A marked rise in plasma ascorbic acid was observed in three of

the subjects, JO, VD and GS, when 200 mg doses of ascorbic acid were

given as supplements during the second or saturation week. Although

the mean ascorbic acid intake during this saturation period was very

high, 319 to 357 mg per day, it was questionable whether the subjects

were saturated at the end of the week, particularly in the case of lID

and GS whose values were still increasing day by day. A steady but

more gradual rise was shown by JJ during this period, and his mean

value for the period was considerably lower than those of the other

subjects, On the fourth day of the saturation period J3 reported to

the Student Health Service at the college where he was given a series

of injections for poison oak. Ten days later he was confined to the

Infirmary with poison oak and a secondary infection of impetigo.

While he was in the infirmary for three days he was given considerable

medication including penicillin, sulfathiazole, phenobarbitol, nembu-

tol and benzedrine, Calmitol ointment and aminoniated mercury were

used locally on the infected areas, JJ remained on the experiment as

a matter of interest although his data were not considered as those of

a normal subject. His meals and supplements were carried to him and
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someone from the nutrition laboratory collected his blood samples

daily.

During the third week 100 mg of ascorbic acid, the recommended

allowance of the National Research Council for this particular age,

was given to the subjects, A marked downward trend was noticed in the

blood plasma values at this time, The decrease in mean plasma values

from the saturation period to the period of the 100 mg mean intake was

0.16, 0.19 and 0.21 mg per cent for 3D, VD and GS respectively. These

are significant changes according to statistical analysis, Although

these means are not as high as the subjects' saturation means, they

are in all cases above 0.80 mg per cent. The mean plasma value for JJ

during this period remained the same as during the saturation period

(0.90 mg per cent).

In the fourth period, when the ascorbic acid intake was decreased

10 mg, a further significant decrease in plasma ascorbic acid was

shown only by 3D. The plasma concentration of GS appeared to have

reached a plateau by the end of the period at this level of intake but

whether the plasma values of the other subjects had reached plateaus

was not so convincing. The mean plasma ascorbic acid values for this

period were 0.79, 0.75, 0.80 and 0.84 ing per cent for 3D, VD, JJ and

GS respectively,

In the 1947-48 study, the concentration of ascorbic acid in the

plasma of V4P and DR was indicative of saturation by the end of the

10 day saturation period (Fig 4 and Table Il-B). DR showed fairly low

plasma ascorbic acid values the first few days, but his plasma ascorbic
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acid concentration rose rapidly after that time. At supper of the

first day, DR reported that he was not feeling well, and by the next

morning he had diarrhea accompanied by cold symptoms. On that day,

he came to the cafeteria for his meals but did not eat all of the food.

At the end of the day he was given 30 mg of crystalline ascorbic acid

so that his total intake was similar to that of the other boys. DR

felt better the next day and be returned to a more normal diet, eating

at least those foods which were analyzed for ascorbic acid. By the

third day of the study he had recovered completely. At the beginning

of the study TO and DE had very low fasting plasma ascorbic acid con-

centrations, 0.21 and 0,34 mg per cent. The slowness with which their

plasma concentrations increased even at the saturation level of ascor-

bic acid intake seemed to indicate prolonged ingestion of diets low

in ascorbic acid prior to this study. This was confirmed by the sub-

jects who stated that they did not eat breakfast and therefore did not

have access t any fruit which might be served at that time. Neither

of the boys allowed time for breakfast and although they both bad good

appetites, their preferences were for such foods as meat, potatoes,

bread and sweet rolls rather than for fruits and vegetables. Through-

out the saturation period their plasma values continued to rise so

that the mean value for TO calculated on the data for eight days was

0.80 mg per cent but his mean value was 0.99 mg per cent when only the

last five days were considered. For DE a similar difference in the

mean was observed, i.e., 0.71 mg per cent on the data for eight days

compared to 0,88 mg per cent on a basis of five days. From the plasma



K

cc

' A

TC
DE
up-----
DI? -

, ..- -- -.--
-- /

-'------ ---- -

200 /16 SUPPLEMENT 1O2 tic 9D M6

- A
. O 3

DAYS OF EXPERIMENT

F/6t/RE 4. DAILY PLASMA ASCORBIC ACID VAWES OF THE BOYJ 1.947-48.



40

values of the last few days of this period it would appear that they

were approaching saturation but it cannot be said that they were defi-

nitely saturated.

Then the intake of ascorbic acid was decreased to 100 mg in the

second period, a significant lowering of the mean fasting plasma

ascorbic acid occurred in all cases when calculated on the basis of

the last five days of the experimental period. The means for this

period were 0.90, 067, 0.81 and 0.69 mg per cent; the first two

values are for the two subjects whose attainment of saturation was not

convincing and the latter two from the two subjects who apparently

were saturated in the previous period. Calculated on the basis of

data from the last eight days of the period, only two of the subjects

showed a significant decrease in the mean fasting plasma ascorbic acid

content, The differences between the means of plasma ascorbic acid

values were not significant for TO and ThE, the two subjects who start-

ed the study with very low values.

A further decrease in the ascorbic acid intake to 90 mg made no

significant difference in the mean fasting plasma ascorbic acid con-

centrations of all four subjects when calculated on the last five days

of the experimental period. The calculations on the last eight days

revealed inconsistent results, TC and WP showing a significant de-,

crease between the means, whereas ThE and DR did not. The mean plasma

ascorbic acid values for the four subjects ranged from 0.68 to 0.84 mg

per cent, with three of the four means below 0.80 mg per cent.

The mean plasma ascorbic acid values for all of the boys in the

L
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studies of both years, with the exclusion of JJ's values, showed a

significant decrease between the saturation period and the period

when 100 mg of ascorbic acid were ingested. For six of these seven

subjects, a 90 mg intake of ascorbic acid was as effective as 100 lug

in maintaining the plasma concentration of ascorbic acid under the

conditions of this study.

In addition to the above mentioned analysis of the results, the

data of both years were also analyzed br analysis of variance

(Snedecor, 1946).1 A statistically significant difference was found

between the means of the saturation period and the period on the

recommended allowance of the National Research Council, while the

difference in the means between the period on the recommended allow-

ance and the period of 10 mg less than this amount was not statisti-

cally significant for the boys but was significant for the girls as

based on the analysis of variance (Tables Vu-A, Vu-B, VIII-A and

VIII-B in the Appendix). It was interesting to note that although

the girls were ingesting 20 mg of ascorbic acid less than the boys

during comparable periods they had a significantly higher mean plasma

ascorbic acid value than did the boys (Table IX in the Appendix).

The results of this study were similar to those found with the

younger adolescent group previously studied in this laboratory, that

is, the daily allowance of ascorbic acid recommended by the National

1 The author is indebted to Dr. J. R. Li for assistance in the
analysis of variance.



Research Council did not maintain the plasma values as high as during

the saturation period, For 21 of the 23 subjects, eight younger

adolescents (Storvick, et al, 1947) arid fifteen older adolescents of

this present study, the National Research Council recommended allowance

maintained mean plasma values above 0.80 mg per cent under the condi-

tions of these studies. The two exceptions were older adolescent

boys.

The following table shows the mean plasma ascorbic acid concen-

tratioris for each subject on various levels of intake, with the in-

take expressed in terms of mg of ascorbic acid per kg of body weight.

Table III

Mean Concentrations of Plasma Ascorbic Acid Compared With
Milligrams of Ascorbic Acid Ingested Per Kilogram of Body Weight

scorbic Acid Intake Plasma Ascorbic Acid Concentrations
Girls Boys

rng,4cg nig% mg%

1.? 01181

1.6 1.07
1.5 0.99 0,74

0.96
0.83
0,90

1.4 0.97 0.91
1.04 0.82

0.90
0.69

1.3 0.86 0.86
0.82 0.79
0.95 0.75

0 80
0,74

1.2 0.80 0.84
0.92 0.90
0.98 0.67

1.1 1.02 0.84
0.96 0.68

1.0 0.99
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These plasma ascorbic acid concentrations seem to follow no

particular pattern; thus, it is just another way of showing the vary-

ing responses of different individuals to the same levels of ascorbic

acid intake.
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CHAPTER VI

1. The recommended allowance of the National Research Council,

100 mg for the 18 year old boys and 80 mg for the 16 to 19 year old

girls did not maintain mean plasma values at levels as high as the

respective saturation means. For the girls all the mean values were

above 0.80 mg percent (ranging from 0.83 to 1.07). The boys' values

ranged from 0.67 to 0.91 mg per cent; two out of the seven values

were below 0.80 ing per cent.

2. when the ascorbic acid intake was decreased to 10 mg less

than the recommended allowance of the National Research Council, it

was found that for six of the eight girls the 70 mg intake of ascor-

bic acid was as effective as the 80 mg intake in maintaining the

ascorbic acid concentration of the plasma, and that for six of the

seven boys, JJ*3 values were excluded, an intake of 90 mg of

ascorbic acid was as effective as 100 mg in maintaining the plasma

ascorbic acid concentration.

3. The plasma ascorbic acid concentrations of these subjects

showed individual variations even when the ascorbic acid intake was

considered on the basis of mg of ascorbic acid per kg of body weight.

4. The ten day experimental periods were more desirable than

the periods of one week. This was particularly true for the satura-

tion period when some of the subjects had been on diets low in

ascorbic acid prior to the study.
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5, The data In this study were analyzed statistically by test-

ing the significance of differences between means and by analysis of

variance,



46

BIBLIOGRAPHY

1. Belser, W. B., H. M. Hauck and C. A. Storvick 1939 A study of

the ascorbic acid intake required to maintain tissue

saturation in normal adults. 3. Nutrition, , 513-526.

2. Bessey, 0. A. and R. L. White 1942 The ascorbic acid require-

ments of children. 3, Nutrition , 195-204.

3. Bryan, A. H., 1). P. Turner, H. L. Huenemann and G. Lotwin 1941

The relation between plasma and dietary ascorbic acid.

Am. 3. Med. Sci 77-83.

4. Butler, A. M. 1940 Report of the Committee on Vitamins of the

American Acadeixr of Pediatrics, P. 14.

5. Dodds, M. L. and F, L. Macleod 1944 Blood plasma ascorbic acid

values resulting from normally encountered Intakes of

this vitamin and indicated human requirements. 3. Nutri-

tion 27, 77-87.

6. Evelyn, K. A., H. T. Malloy and C. Rosen 1938 The determination

of ascorbic acid in urine with the photoelectric colon-

meter. J. Biol. Chem. , 645-654.

7. Everson, G. 3., and A. L. Daniels 1936 Vitamin C studies with

children of preschool age. J. Nutrition , 15-26.

8. Farmer, C. 3., and A. F. Abt 1936 Determination of reduced

ascorbic acid in small amounts of blood. Proc. Soc. Exp.

Biol. Med. , 146-150.



4?

9. Fineke, M, L, and V. L. Landquist 1942 The daily intake of

ascorbic acid required to maintain adequate and optimal

levels of this vitamin in blood plasma. 3. Nutrition

483-490.

10. Hathaway, M. L, and F, L. Meyer 1941 Studies on the Vitamin C

metabolism of four preschool children. 3. Nutrition,

ai 503-514.

11. Kline, A. B., and M. S. Eheart 1944 Variation in the ascorbic

acid requirements for saturation of nine normal young

women, 3. Nutrition , 413-419.

12. Loeffler, A. 3. and J. D. Ponting 19i42 Ascorbic acid. Rapid

determination in fresh, frozen or dehydrated fruits and

vegetables, md. Eng. Chem., Anal. Ed., , 846-849.

13. Meyer, F. L. and M, L. Hathaway 1944 Further studies on the

vitamin C metabolism of preschool children. 3. Nutri-

tion , 93-100.

14. National Research Council 1945 Committee on Food and Nutrition.

Recommended dietary allowances, Revised. Reprint and

Circular Series, no. 122, p 12.

15. Ralli, E. P., G. 3. Friedman and S. Sherry 1939 The vitamin C

requirement of man, Estimated after prolonged studies

of the plasma concentration and daily excretion of

vitamin C in three adults on controlled diets. 3, Clin.

Invest., 2, 705-714.



48

16 Roberts, V. M., M. H. Brookes, L. 3. Roberts, P. Koch and

P. Shelby 1943 The ascorbic acid requirements of school

age girls. J. Nutrition g, 539-547.

17. Roberts, V. M. and L. 3, Roberts 1942 A study of the ascorbic

acid requirements of children of early school age.

3. Nutrition , 25-39.

18. Snedecor, George Vi. 1946 StatistIcal Methods, 4th Edition,

Iowa State College Press, Ames, Iowa.

19. Storvick, C. A., M. L. Fincke, 3. P. Quinn and B. L. Davey 1947

A study of ascorbic acid metabolism of adolescent

children. 3. Nutrition , 529-539.

20. Storviok, C. A. and H. M. Hauck 1942 Effect of controlled

ascorbic acid ingestion upon urinary excretion and plasma

concentration of ascorbic acid in normal adults. 3.

Nutrition , 111-123.

21. Todhunter, E. N. and R. C. Robbins 1940 Observations on the

amount of ascorbic acid required to maintain tissue

saturation in normal adults. 3. Nutrition , 263-270.



49



50

Table IV

Ascorbic Acid Content of Food Served at
Oregon State College Dining Halls

(Average Ascorbic Acid as Mg/l00 Gins)

Food 1946-47
Snell Hall

1947-48
Memorial Union'

1946-47 1947-48
Mg% Mg% Mg Mg%

FRUITS:
Apple, baked 0.38 ( 3)* -- 0.00 ( 3)
Apple juice 0.43 ( 1) 0.70 ( 2) 0.00 ( 1) 0.23 ( 9)
Apple, raw 3.80 ( 4) 2.53 ( 3) 6.4 ( 1) 1.9]. ( 1)
Applesauce 0.00 ( 1) 0.10 ( 5) 0.00 ( 2)
Apricots, canned 1.99 ( 7) 3.56 ( 5) 2.73 ( 3) 5.02 ( 7)

, juice 3.08 ( 6) 3.18 ( :3) 0.61 ( 1) 5.47 ( :3)

, dried, stewed 3.30 ( 1) -- - -

, juice from
dried, stewed 3.30 ( 1) --- -"

Apricot nectar --- 1.56 ( 1)
Avocado 2,44 ( 1)
Barna 896 ( 2) 8.68 ( 2) 9.38 ( 1) 5.57 ( 3)
Cherries, red canned --- --- --- 0.00 ( 1)

, Royal Anne 2.20 ( 3)
, Royal Anne

juice 2.43 ( 3) --- 3.65 ( 1)
Dates 0,00 ( 1)
Fruit cup --- 3.21 ( 4) 2.06 ( 3) 2.73 ( 2)
Fruit cup, juice --- 5.52 ( 3) 1.74 ( 1)
Fruit jello --- - 1.96 ( 1)
Fruit juice mixture 25.77 ( 3) 13.02 ( 2) --- 15.41 ( 2)
Grapefruit, fresh 47.94 ( 2) --- 45.77 ( 4) 25.82 ( 3)

, juice --- 36.10 ( 1) 26.55 ( 2)
Grape juice 0.00 ( 1) 0.13 ( 2) 0.00 ( 3) 0.00 ( 5)
Grape and Apricot juice --- 0.00 ( 1) 0.87 ( 1)
Orange 66.20 ( 2) --- 63.56 ( 6) 59.19 ( 3)
Orange juice, canned --- 20.52 ( 1)

, fresh --- 40.08 ( 3)
Orange and grapefruit
juice --- 22.10 ( 1)

Peaches, canned 3.33 (13) 4.24 (10) 3.55 ( 9) 4.56 (ii)

, juice 3.53 (12) 3.86 ( 6) --- 2.95 ( 1)

, frozen 3.04 ( 1)

*The figures in the parentheses indicate the number of times the food
was served and analyzed.



Table IV (continued)

Food 1946-h?7

Snell Hall
l94748

Memorial Union
1946-47 1947-48

Mg% Mg% Mg% Mg

FRUITS (continued)
Pears, canned 0.8]. ( 7) 1.41 ( 4) 0,36 ( 7) 1.40 ( 8)

, Juice 0.96 ( 5) 1.56 ( 1)
, fresh --- --- --- 2.16 ( 2)

Pineapple, canned 6.78 ( 5) 5.45 ( 4) 6.71 C 5) 5.83 C 6)
Prunes, canned 3,04 ( 6) 0.8]. ( 1) 0.99 ( 4) 0.00 C 2)

, juice 1.42 ( 6) 0,95 ( 1) 1,22 ( 2) 0.70 ( 3)
, dried, stewed 0.09 ( 2) 2.58 ( 8) 1.22 ( 2) 2.02 ( 5)

, juice from
dried, stewed 0.00 ( 2) 1.04 C 6)

Raisins and nuts --- 0.00 ( 1)

VEGETABLES:
Asparagus, canned --- ]4.81 ( 2)
Beans, canned kidney --- 3.91 ( 1) 0.87 ( 1)
Beans, canned string 0.43 ( 7) 0.13 (11) 0.64 C 8) 0.08 (12)
Beets, canned 0.98 ( 6) 1.95 C 5) 0.79 ( 8) 2.65 (10)

, pickled --- 0.65 ( 1)
Broccoli, fresh 1.91 ( 1) 54.47 C 1)
Cabbage, cooked --- ll23 ( 1) 26.96 ( 1) 24.91 ( 2)

, raw --- 70.80 C 1)
Carrots, canned --- 0.00 ( 1)

, cooked 0.42 ( 5) 1.51 C 3) 0.49 ( 8) 2.42 C 6)
, raw 1.78 ( 7) 3.37 ( 4) 4.29 C 6) 4.21 ( 4)

Carrots and peas --- 1.56 C 1) 0.00 ( 2) 1.56 C 1)
Cauliflower 61.38 ( i) --- 45.94 ( 1) 36.63 C 1)
Celery, cooked --- --- 0.96 C 1)

, raw 8.56 (10) 6.93 ( 9) 5.30 ( 3) 5.95 C 6)
Corn, canned 0.98 ( 4) 2.18 ( 8) 2.86 (10) 4.07 ( 6)
Corn pudding --- 2.12 ( 1)
Lettuce 2.07 (13) 096 (18) 1.53 (22) 1.25 (45)
Peas, canned 5.09 ( 9) 20S ( 6) 4.19 C 9) 2.51 (10)

, frozen 8.86 ( 1) 2.85 ( 2) 2.40 ( 5) 4.99 ( 3)
Potatoes, Irish cooked 5.71 (16) 8418 (12) 1.73 (24) 2.08 (26)

, sweet ].45O C 1) 28,00 ( 2) 15.15 C 2) 15.62 ( 1)
Radishes --- 22.46 ( 1)
Spinach, canned 133 ( 3) 2,17 C 1) 1.88 ( 3)

, fresh --- 11.63 ( 1) --- 8.94 C 1)
Squash 4,39 ( 4) 0.00 ( 1) 9.61 ( 1) -
Succotash --- 0.00 ( 1) --- ---
Tomato, canned --- --- 20.85 ( 2) 7.65 C 1)

, fresh --- 21.08 ( 2) 16.17 ( 4) 12.09 ( 4)



52

Table IV (continued)

Sne]i Hall Memorial Union
Food 1946-h.? 1947-48 1946-47 1947-48

Mg% Mg Mg Mg%

VEGETABLES (continued)
Tomato juice 27.78 ( 1) 19.91 ( 1) 26.57 ( 1)
Vegetables, mixed --- 2.52 ( 1) 0.64 ( 3)

MELT MIXTURES AND
SuBSTITUTES:
Baked beans --- --- 0,48 ( 2) 2.39 C 3)
Baked beans with
tomato sauce 0.00 C 1) --- 2,44 ( 1)
Beef hash --- 0.00 ( 2) 000 ( 1) 0,00 ( 1)
Beef with noodles --- 0.00 ( 1) 0.00 C 1)
Beef stew -- 5,09 ( 3) 1.84 ( 3) 0,00 ( 3)
Bread dressing 0.00 ( 3) 0.00 ( 2)
Chili, canned --- --- 0.00 ( 1) 0.98 ( 1)
Eggs, scrambled 0.96 ( 1) 0.00 ( 2)
Ham, peas and corn --- 0.00 ( 1)

Kidney beans with bacon --- --- --- 0.65 ( 1)
Liver, fried 25.68 ( 1)
Meat with corn 0.00 ( 1) ---
Meat loaf 2.49 ( 2) 1.14 C 1)
Meat pie _ 0.00 ( 1)
Meat salad 0.57 ( 2)
Meat spread 0.00 ( 1)
Rice and tomatoes --- 1,39 ( 1)
Salmon loaf 0,00 ( 1) --- 0.00 ( 1) 0.00 ( 1)
Spaghetti 0.00 ( 1) --- --- 0.61 ( 2)
Spaghetti with tomato --- --- 5.05 ( 1)

DAIRY PRODUCTS:
Cheese, cottage 0.00 ( 4) 0.07 C 4) 0.00 ( 3) 0.00 ( 1)
Chocolate, hot --- 0.00 ( 1)
Cocoa 0,00 ( 3) ---
Cream 0.21 ( 5) 0.06 ( 9) 0.00 C 1) 0.00 (30)
Cream, whipped 0.10 ( 6) 0.09 ( 1) 0.00 ( 2) 0.01 ( 8)
Milk 0.46 (28) 0.24 (30) 0.27 (29) o.00 (30)

DESSERTS:
Apple crisp 0.00 ( 1)

Cake, white with
orange glaze --- --- 3.58 ( 1)
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Table IV (continued)

'ood 191.6-47

Sne]j. Hall
1947-48

Memorial Union
1946-47 1947-48

Mg Mg% Mg% Mg%

1SSERTS (continued)
Cherry Cobbler 0.00 ( 1) --- - 0.00 C 1)

Cherry roll --- 0.00 C 1)
Custard, baked 0.00 ( 1)

, pumpkin --- --- --- 0.00 C 1)

Date Torte -- 0,00 ( 1)
Peach crisp 1.95 ( 1)
Peach cobbler 0.00 C 1) --- -
Ice cream:
Apricot 0.00 ( 1)
Berry --- 0.35 ( 1)

Butterscotch ribbon 0,00 C 1)

Caramel ribbon --- --- 0.00 ( 1)

Chocolate 0.43 ( 1.) 0.24 ( 4) --- 0.00 ( 1)

Chocolate ribbon --- --- 0.04 ( 7) 0.00 ( 3)
Peppermint 0.52 ( 1)
Raspberry- ribbon --- --- 0.0? ( 4) -
Strawberry --- 0.09 C 1) ---
Vanilla 0.26 ( 8) 0.42 ( 7) 0.00 ( 1) 0.00 ( 5)

JeUo:
with apricots --- 1.74 ( 1)

with bananas --- --- 1,65 ( 1)

with blackberries 2.28 ( 1)
with mixed 'ruit --- 0,00 ( 1) --- 3.34 ( 2)

with oranges 12.16 ( 1)
with peach and pear --- 1.65 ( 1)

with peaches --- --- 1.56 ( 1)
with pears --- 1.31 ( 2) ---
with pineapple --- --- 2.64 ( 3) 2.34 ( 1)

Pie Filling:
Apple --- 0.00 ( 2) 0.35 ( 3) 0.00 ( 1)

Apricot --- --- 2.52 ( 1)

Banana cream --- --- --- 0,00 ( 1)

Cherry --- --- --- 0.00 ( 1)

Mince --- --- 0,8? ( 1)
Peach --- --- --- 226 ( 1)

Pumpkin --- --- 0.09 ( 2)

Puddings:
Banana --- --- --- 0.00 ( 1)

Banana-Butterscotch --- --- --- 0.00 ( 1)
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Table IV (continued)

Food l9Ib-h7
Snefl. Hall

l9h7hS
Memorial Union

1946L7 19474.8
Mg Mg% Mg% Mg%

DESSERTS (continued)
Puddings (continued)

Blanc Mange 1.74 ( 1) -- 0.00 ( 2)

Butterscotch --- --- 0.00 ( 1)

Chocolate 0.00 ( 2) --- 1.32 ( 2)
Rice with raisins --- --- --- 0.00 ( 1)

Pineapple upside down
cake 1,30 ( 1) --- --- 0,00 ( 1)

Washington Cream Pie - -- 0.00 ( 2)

SOUPS:
Clam chowder --- --- 1.39 ( 2)

Split pea --- 0.83 ( 2) --- 1.46 ( 1)

Turkey noodle 0,00 ( 2) --- ---
Vegetable 0.38 ( 3) 1.80 ( 3) 2.38 ( 3)

SAk&DS:
Apple 3,09 ( 2) 4,21 ( 2) 2.98 ( 4) 1.65 ( 4)

Cabbage slaw 32.89 ( 1) 34.83 ( 1) --- 54.42 ( 1)
Carrot and celery --- 2.43 ( 1) -

Carrot and date 0.00 ( 1)
Carrot and raisin --- 0.87 ( 2)

Carrot, string bean
and asparagus --- --- 1.04 ( 1)

Fruit, mixed 2.56 ( 2)

Gelatin-cottage cheese --- 0.00 ( 1)

Gelatin-fruit mixed --- 1,39 ( 1)

Gelatin-pineapple --- --- 2.95 ( 1)

Gelatin-pineapple and
carrot --- 0.00 ( 1)

Gelatin-vegetable 1.26 ( 2) -- -"
Halibut, egg and celery --- 1.74 ( 1)

Ham --- 0.00 ( 1) ---
Macaroni --- 0.16 ( 1) --- 0.95 ( 1)

Potato --- 570 ( 1) 0.00 ( 1) 0.00 ( 1)

Turkey --- 1.13 ( 2) ---

Vegetable and chicken --- 0.87 ( 1)

Vegetable, mixed 3.24 (10) 2.02 ( 4) 26.01 ( 7) 30.76 ( 1)
Waldorf --- 1,56 ( 1) ---
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Table IV (continued)

Food - 1946-h?7

Snell Hall
1947-48

Memorial Union
1946-47 1947-48

Mg% Mg% Mg% Mg%

PIOKIS, RELISHES AND
DRESSINGS, ETC.:
catsup 14.92 (3..) --- 22.60 ( 3) 15.62 ( 1)
French dressing --- --- --- 0.17 ( 5)
Maple syrup --- 0.00 ( 1)
Mayonnaise with parsley --- --- 0.00 ( 1)
Mustard -- --- 2.43 ( i) 3,47 ( 1)
Mustard and horseradish --- 4.25 ( 3.)

Olives stuffed 0.00 ( 3)
Potato chips 32,42 ( 1) --- 24.13. ( 1)
Pickles, sweet --- 0.00 ( 3) 0.13 ( 2) 0.00 ( 1)
Salad dressing 1.83 ( 4) 0.18 ( 2) --- 1.97 ( 3)
Tartar sauce --- --- 0,35 ( 1) 0.00 ( 1)
Tomato sauce --- 977 ( 1) --- 16.84 ( 1)
Toppings (for ice
cream, etc.)
Apricot --- 2.43 ( 2)
Cherry -- 1.48 ( 1)
Chocolate 3.39 ( 1)
Marshmallow --- 0.00 ( 2)
Marshmallow with
apples -- 0.61 ( 1) --- -

JAMS AND SPREADS:
Jam, Apricot --- 0.45 ( 5) 0.78 ( 3) 0.31 ( 2)

, Apricot and
pineapple --- 0,65 (II) --- 0.16 ( 5)

, Berry 0.94 ( 4) --- 3.01 ( 7) 2.16 ( 7)
, Berry and apple --- --- 0.00 ( 3.)

, Grape --- - 0.82 ( 5)
, Loganberry --- --- --- 2.17 ( 1)
, Peach --- --- --- 0.26 ( 3)
, Peach-apricot - 0.09 ( 1)
, Red raspberry 6.19 ( 3..)

Honey 0.48 ( 2) ---
Peach butter 1.09 ( 2)
Peanut butter --- 4.60 ( 1) 0.00 ( 1)
Peanut butter and
apricot jam -- 3.65 ( 1)



Table V - A

Total Daily Intake of Ascorbic Acid and Daily Plasma Ascorbic Acid Values
for Adolescent Girls During Four Consecutive Experimental Periods in 194.6-47

Date LG. W.H. B.R. P.S.
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

147 Intake Plasma Intake Plasma Intake Plasma Intake Plasma
mg mg% mg mg% mg zng% mg ing%

Usual Diet
Period
1-12 47 1.33 47 0.76 54 1.09 48 1.09
1-13 92 1.15 93 0.60 76 0.90 86 1.01
1-14 71 1.01 70 0.76 71 1.25 69 1.24
1-15 46 1.09 47 0.56 47 1.07 45 1.10
1-16 17 0.82 28 0.78 30 1.04 16 1.09
1-17 63 0.87 71 0.53 67 0.81 71 1.04
1-18 112 0,67 175 0.20 200 0.83 187 0.79
1-19 1.14 0.67 1.02 1.26

For entire first period:
Mean 64 1.01 76 0.61 78 1,00 75 1,08
iv. Dev.* ±24 ±0,17 ±33 ±0.14 ±35 0.l2 36 ±0.10
Range 17-112 0.67-1.33 28-175 0.20-0.78 30-200 0.81-1.25 16-187 0.79-1,26

*Avei.age deviation from the mean.



P

Table V - A (continued)

Date M.G. WH. BR. P.S.
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

'h? Intake Plasma Intake Plasma Intake Plasma Intake Plasma
mg zng % mg mg mg mg % mg mg %

Saturation
Period
1-19 226 226 226 226
1-20 210 1.13 210 0.82 210 1.17 210 1.36
1-21 216 1.2? 216 1.12 216 1.19 216 1.25
1-22 221 1.13 221 1.06 221 1.13 221 1.28
1-23 216 1.19 216 1.20 216 1.24 216 1.17

1-24 218 1.14 218 1.0]. 218 1.07 218 1.13
1-25 225 1.04 225 1.00 225 1.].? 225 1.29
1-26 1.13 1.30 1.14 1.20

Intake for entire period:
Mean 219 219 219 219
Av.Dev. 4 t4 ±4
Range 210-226 210-226 210-226 210-226

Plasma for last five days of period:
Mean 1.13 1.11 1.15 1.21

iv. 0ev, 0.03 0.11 0.04 ± 006
Range 1.04-1.19 1.00-1.30 1.07-1.24 1.13-1.29



Table V - A (continued)

Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid
'47 Intake P].ma Intake Plasma Intake Plasma Intake Plasma

mg % mg mg % mg nig % mg mg %

National Research Council Recommended Allowance
1-26 80 80 80 80
1-27 80 0.98 80 0.66 80 1.02 80 0.87
1-28 80 1.01 80 0.90 80 0.90 80 0.87
1-29 78 1.15 78 1,00 78 0,93 78 1,08
1-30 80 0.96 80 0.99 80 1.00 80 1.16
1-31 80 1.09 80 1.06 80 0.99 80 1.152- 1 991 0.88 101 0.80 95 0,93 82 1.10
2- 2 0,89 0.97 099 0.87

Intake for entire period:
Mean 82 83 82 80
Ay.Dev. 4 t5 t4 ti
Range 78-99 78-101 78-95 78-82

Plasma for last five days of period:
Mean 099 0.96 0.97 1.07
iv, Dev. ±:0.10 1o.o7 O,O3 ±o,oa
Range 0.88-1.15 0.80-1.06 0.93-1.00 0.87-1.16

mean intake of 80 ing of ascorbic acid had been the aim for this period, and this had been
achieved except for the last day of the period when a high value for liver was obtained.



Table V - A (continued)

te
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

Intake Plasma Intake Plasma Intake Plasma Intake Plasma

mg mg% mg ing% mg mg% ag mg%

10 Mg Less Than Natior1 Research Council Recommended Allowance:
2-2 74 74 74 74
2- 3 70 0.89 70 0,79 70 0.99 70 1.2?
2- 4 70 0.80 70 0.89 70 0.91 70 1.14
2- 5 72 0,75 72 0,83 72 0.86 72 1.12

2- 6 74 0.78 74 0.76 74 0.8? 74 1.09
2- 7 70 0.90 70 0.85 70 0.99 70 1.15

2- 8 70 0.92 70 0.72 70 0.99 70 0.96

2- 9 0.93 0,86 089 0,86

Intake for entire period:
Mean 71 71 71 71

Av, Dev. t2 t2 2 t2

Range 70-74 70-74 70-74 70-74
Plasma for last five days of period:
Mean 0.86 0.80 0.92 1.04

Av. Deir. 0.07 tO.05 to,o6

Range 0.75-0.93 0.72-0.86 0,86-0,99 0.86-1,15

'0



Table V - B

Total Daily Intake of Ascorbic Acid and Daily Plasma Ascorbic Acid Values
for Adolescent Girls During Three Consecutive Experimental Periods in 1947-48

Date LA. B,D, M,F. R.R.
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

Intake Plasma Intake Plasma Intake Plasma Intake Plasma
nig mg % mg nig % nig nig nig nig %

Saturation
Period
10-18 268 1.12 268 1,24 268 0.76 268 0.87
10-19 274 1.01 274 1.29 2'74 1.05 274 1.29
10-20 243 1,05 243 1.13 243 1,28 243 1.15
10-21 250 1.07 250 1.25 250 1.25 250 1.19
10-22 270 1.00 270 1.13 270 1.2? 270 0.94
10-23 21 1.03 261 1.09 261 1,13 261 1.28
10-24 252 0.90 252 1,23 252 1.10 252 1.27
10-25 256 1.07 256 1.29 256 1.35 256 1.17
10-26 249 0.98 249 1.17 249 1.19 249 1.40
10-27 289 1,07 289 1,12 289 1.25 289 1.22
10-28 1.10 1.13 1,42 1.30

Intake for entire period:
Mean 261 261 261 261
iv. Dev, ±11 tu :tll ±11
Range 243-289 243-289 243-289 243-289

Plasma for last eight days of period:
Mean 1,03 1,18 1.25 1.22
iv, Dev, ±0.05 0.07 0.12 tO.12
Range 0.90-1,10 1.09-1.29 1,10-1,42 0.94-1.40

Plasma for last five days of period:
Mean 1.02 1.19 1.26 1.27
iv, Dev. 0,07 ±0.06 ±0.10 tO.06
Range 0.90-1.10 1.12-1,29 1.10-1.42 1.17-1.40



Table V - B (continued)

Total Daily- Intake of Ascorbic Acid and Daily Plasma Ascorbic Acid Values
for Adolescent Girls During Three Consecutive Experimental Periods in 1947-48

Date NSA. BD. Li?. R.R.
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

mg mg mg ing % ing tug % tug tug %

National Research Council Recommended Allowance:
10-28 81 81 81 81
10-29 78 0.79 78 1.04 78 1.19 78 1.11
10-30 80 0,73 80 0.97 80 1.12 80 1.01
10-31 80 0.85 80 0.87 80 1.05 80 1.09
U- 1 80 0.85 80 0.84 80 0.90 80 1.01
11-. 2 80 0.93 80 0.87 80 0.87 80 1.00
U- 3 80 0,89 80 0.94 80 1.01 80 1.05
11- 4 80 0,94 80 0.78 80 0.96 80 1.09
11- 5 80 0.85 80 0.90 80 0.96 80 1.01
II- 6 81 0,73 81 0,98 81 0,93 81 0.98
U- 7 0.74 0,88 1.04 0.99

Intake for entire period:
Mean 80 80 80 80
Ay, Dev. ±0,4 tO.4 tO.4 tO.4
Range 78-81 78-81 78-81 78-81

Plasma for last eight days of period:
Mean 0,85 0.88 0,97 1.03
iv, Dev. ± 0.07 tO.() ±0,08 ±0.04
Range 0.73-0.94 0.78-0,98 0.87-1.05 0.98-1.09

Plasma for last five days of period:
Mean 0.83 0.90 0.98 1.02
iv, Dev, 0,08 O.O5 tO.04 ±0.04
Range 0.73-0.94 0.78-0.98 0.93-1.04 0.98-1.09



Table V - B (continued)

Total Daily Intake of Ascorbic Mid and Daily Plasma Ascorbic Mid Values
for Adolescent Girls During Three Consecutive Experimental Periods in 1947-48

Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

p147 Intake Plasma Intake Plasma Intake Plasma Intake Plasma

mg ing% mg ing mg mg% mg mg%

10 Mg less Than National Research Council Recommended Allowance:
11-7 70 70 70 70
11- 8 70 0.84 70 0,83 70 0.93 70 0.84

11- 9 70 0.92 70 0.96 70 0.95 70 1.00

11-10 72 0,87 72 0.89 72 1.01 72 0.97

U-i]. 69 0.69 69 0.77 69 0.95 69 0.96

11-12 70 0.81 70 086 70 0.93 70 0,99

11-13 70 0.84 70 1.00 70 0 99 70 096
11-14 70 0.72 70 0.82 70 0.96 70 0,94

11-15 70 0.82 70 0.96 70. 0,99 70 0.96

11-16 70 0.85 70 0.97 70 0,94 70 1.03

11-17 0.86 1.02 0,94 1.04

Intake for entire period:
Mean 70 70 70 70

iv. Dev. tO.3 tO,3 ±0,3 ±0,3
Range 69-72 69-72 69-72 69-72

Plasma for last eight days of period:
Mean 0.81 0.91 0.96 0.98

Av, Dev, ± 0.05 ±0.07 ±0,02 ±0.04

Range 0.69-0.87 0.77-1.02 0,93-1.01 0.94-1.04

Plasma for last five days of period:
Mean 082 0.95 0.96 0,99

iv, Dev, tO.04 0.06 20,02 ±0,04

Range 0.72-0.86 0.82-1.02 0.94-0.99 0.94-1.04



Table V - C

Total Daily Intake of Asoorbio Acid and Daily Plasma Ascorbic Acid Values
for Adolescent Boy-s During Four Consecutive Experimental Periods in 1946-47

Date J.C. V.1). 3.J. G,S,
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

I47 Intake Plasma Intake Plasma Intake Plasma Intake Plasma
nig rng% ing mg% mg nig% mg mg%

Usual Diet
Period
2-15 128 0.80 77 0.18 91 0.38 153 0.39
2-16 100 0.77 113 0.36 111 0.33 111 0.47

2-17 144 0.69 119 0.23 80 0.42 178 0.46

2-18 138 0.82 129 0.36 124 0.44 128 0.62

2-19 159 0.92 296 0.39 164 0.38 198 0.64

2-20 22 0.85 21 0.55 24 0.45 21 0.75

2-2]. 118 0.66 154 0.38 122 0.37 122 0.64
2-22 0.69 0.66 0.34 0.89

For entire period:
Mean 116 0.78 130 0.39 102 0.39 130 0.61

Av, Dev. t 31 ± 0.07 ±54 0.11 ±32 ± 0.04 t 40 t 0.13

Range 22-159 0.66-0.92 21-296 0.18-0.66 24-164 0.33-0.45 21-198 0.390.89

0'



Table V - C (continued)

Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid
'h7 Intake Plasma Intake Plasma Intake Plasma Intake Plasma

mg mg % mg ing % mg mg % nig nig %

Saturation Period
2-22 264 289 296 294
2-23 260 0,81 264 0.76 266 0.50 263 0.94
2-24 351 0.95 353 0.88 29]. 0.57 283 1,03
2-25 292 0.93 421 0,99 352 0.68 355 1.10
2-26 301 0.99 281 0.92 290 0.85 290 1.06
2-27 413 1.24 407 0,89 421 0.96 424 1.00
2-28 352 1.16 486 1.03 373 1,1.2 357 1.07
3- 1 1.05 1,22 0.91 1.13

Intake for entire period:
Mean 319 357 327 324
Air, Dev, t 45 69 47 ± 47
Range 260-413 264-486 266-421 263-424

Plasma for last five days of period:
Mean 1,07 1.01 0.90 10?
Air, Dev. 0.l0 tO,09 0.0 tO,03
Range 0.93-1.24 0.89-1.22 0,68-1.12 1.00-1.13

a'



Table V - C (continued)

te
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

Intake Plasma Intake Plasma Intake Plasma Intake Plasma
ing ing% mg mg% mg mg ag mg%

National Research Council Recommended Allowance
3- 1 102 102 102 102
3- 2 101 1.04 101 0.85 101 1.07 10]. 0.95
3- 3 100 086 100 0.8? 100 0.99 100 0.78
3- 4 100 0.98 100 0.82 100 1.02 100 0.95
3- 5 100 0.88 100 0.85 100 0.86 100 0.86
3- 6 100 0.82 100 0.72 100 086 100 0.36
3- 7 100 0.89 100 0.84 100 0.90 100 036
3- 8 0.99 0.85 0.84 0.77

Intake for entire period:
Mean 100 100 100 100
Av.Dev. tO ±0 ±0 ±0
Range 100-102 100-102 100-102 100-102

Plasma for last five days of period:
Mean 0,9]. 0.82 0.90 0.86
Au. De'v, ±0.06 0,04 ±0.05 0.04
Range 082-0.99 0.72-0.85 0.84-1.02 0.77-0.95



Table V - C (continued)

Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid
*4? Intake Plasma Intake Plasma Intake Plasma Intake Plasma

mg mg% mg zng% mg mg% mg mg%

10 Mg Less Than National Research Council Recommended Allowance:
3-8 90 90 90 90
3- 9 105 0,8? 105 0,93 105 0.83 105 0.84
3-10 90 0.84 90 0,6? 90 0.93 90 0.83
3-11 91 0.86 91 0.69 91 0.96 91 0.94
3-12 90 0.82 90 0.88 90 0,75 90 079
3-13 90 0.81 90 0.68 90 0.69 90 0.82
3-14 90 0.84 90 0.72 90 079 90 0.81
3-15 0.63 0.79 0.81 0.84

Intake for entire period:
Mean 92 92 92 92
iv. Dev, ±3 ±3 ±3 t3
Range 90-105 90-105 90-105 90-105

Plasma for last five days of period:
Mean 0,79 0,75 0.80 0.84
iv, Dev, 0.07 ±0,07 ±0.07 ±0.04
Range 0.63-0.86 0.68-0.88 0.69-0.96 0.79-0.94



Table V - D

Total Dui].y- Intake of Ascorbic Aoid and Dully Plasma Ascorbic Acid Values
for Adolescent Boys During Three Consecutive Experimental Periods in 1947-48

Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid
Intake Plasma Intake Plasma Intake Plasma Intake Plasma

mg% nig mg% mg mg% mg%

Saturation Period
1-3]. 297 0,21 291 0,34 294 0.85 298 0.48

2- 1 245 0,25 247 0.29 245 0.95 244 0.67

2- 2 251 0,21 247 0.36 250 1.03 246 0.93

2- 3 305 0.39 306 0.38 318 0.99 280 0.87

2- 4 247 0,46 240 0.43 244 1.18 244 1.00

2- 5 299 0e54 320 0.48 299 1,12 298 1,03

2- 6 274 0,63 253 0.63 260 1.06 268 1.07

2- 7 246 0.87 246 0.92 246 0.99 246 1.15

2- 8 243 1.14 243 0.89 243 1.32 243 0.94

2- 9 31]. 1,02 309 0.90 305 1.08 285 1.09

2-10 1,31 1,06 1,16 1.18

Intake for entire period:
Mean 272 270 270 265

iv, Dev. t 25 29 27 2].

Range 243-3].]. 240-320 243-318 243-298

Plasma for last eight day-s of period:
Mean 0,80 0.71 1,].]. 1.04

Av, Dev. ±0.44 ±0,32 ±0.11 0.l7

Range 0.39-1.31 0,38-1.06 0.99-1.32 0.87-1.18

Plasma for last five days of period:
Mean 0.99 0.88 L].2 1.09

iv, Dev, 0.20 ±0.10 ±0.09 ±0,06

Range 0.63-1,31 0,63-1,06 0.99-1.32 0.94-1.18



Table V - D (continued)

Total I11y Intake of Ascorbic Acid and Daily Plasma Ascorbic Acid Values
for Adolescent Boys During Three Consecutive Experimental Periods in 1947-48

te
Ascorbic Acid Ascorbic Acid Ascorbic Acid Ascorbic Acid

Intake Plasma Intake Plasma Intake Plasma Intake Plasma

mg mg% ing mg% ing mg% mg mg%

National Research Council Recommended Allowance:
2-10 99 99 99 99
2-11 101 1.11 101 1.07 101 1.08 101 0.96
2-12 99 1.07 99 0.88 99 0.99 99 0,93

2-13 100 0.96 100 0,66 100 0.74 100 0.69

2-14 100 0.87 100 0.69 100 0,76 100 0.84

2-15 100 0.90 100 0.77 100 0.72 100 0.83

2-16 99 0.84 99 0.72 99 0.85 99 0.72

2 17 100 0,91 100 0.66 100 0,78 100 0.64

2-18 100 0.91 100 0.74 100 0.85 100 0.70

2-19 100 0.91 100 0.63 100 0.75 100 0.70

2-20 0.91 0.62 0.84 0.71

Intake for entire period:
Mean 100 100 100 100

iv, Dev, ±0.4 ±0,4 ±0.4 ±0.4
Range 99-101 99-101 99-101 99-101

P].asina for last eight days of period:
Mean 0.90 0.69 0,79 0.73

iv, Dev, ±0,06 ±0.10 ±0,09 0.09

Range 0,84-0.96 0.62-0.77 0.72-0.85 0,64-0.84

Plasma for last five days of period:
Mean 0.90 0.67 0.81 0.69

iv, Dev, ±0.02 ±0.04 ±0,04 ±0,02

Range 0.84-0.91 0.62-0.74 0.75-0.85 0,640.72



Table V - D (continued)

Total Daily Intake of Ascorbic Acid and Daily Plasma Ascorbic Acid Values
for Adolescent Boys During Three Consecutive Experimental Periods in 1947-48

448 Intake Plasma Intake Plasma Intake Plasma Intake Plasma
nig ing% mg mg% mg mg% mg mg%

10 Mg Less Than National Research Counoil Recommended Allowance:
2-20 90 90 90 90
2-21 90 1.04 90 0.76 90 0.92 90 0.83
2-22 90 0.96 90 0.70 90 0.69 90 0.82
2-23 92 0.93 92 0.61 92 0.72 92 0.68

2-24 90 0.73 90 067 90 0.62 90 0.59

2-25 87 0.69 87 0.7]. 87 0.73 8? 0.89
2-26 91 0.85 91 0.67 91 0.69 91 0.75
2-27 90 0.76 90 0.66 90 0.71 90 0.83

2-28 90 0,93 90 0.71 90 0.69 90 0.83

2-29 90 0.85 90 0.65 90 0.88 90 0.59

3- 1 0.79 0.70 0.71 0.68

Intake for entire period:
Mean 90 90 90 90
iv. Dev. to,6 0.6 tO,6 ±0.6
Range 87-92 87-92 87-92 87-92

Plasma for last eight days of period:
Mean 0.82 0.67 0.72 0.73

iv. Dev. ± 0.09 ± 0.03 0,07 ± 0.09

Range 0.69-0.93 0.61-0.71 0.62-0.88 0. 590.89

Plasma for last five days of period:
Mean 0,84 0,68 0.74 0.74
iv. Dev. 0.05 0.02 to.06 0.08

Range 0.76-0.93 0.65-0.71 0.69-0.88 0.590.83



?abl.VI

Signiflo.nc. of Diff.r.no.. Betwe.n the Nun, for the
Cono.ntxstion of Aaeorbic Acid in the P1a.

19L6-147" W.H. R.R. P.S.

Sat'n. x d d2 x d d2 x d d2 x d d2

Date
1-22 1.13 0.00 .0000 1.06 -0.05 .0025 1.13 -0.02 .00014 1.28 i0.07 .0(9
1-23 1.19 .0.06 .0036 1.20 +0.0° .0061 1.214 +0.09 .0081 1.17 -o.o14 .0016

1-214 1.114 .0.01 .0001 1.01 -0.10 .0100 1.07 -0.08 .00614 1.13 -0.08 .0061i

1-25 i.o14 -0.0o .0081 1.00 -0.11 .0121 1.17 +0.02 .00014 1.29 +0.08 .00614

1-26 1.13 Q.00 .0000 1.30 .0.19 .0361 1.114 -0.01 .0001 1.20 -0.01 .0001

1.13 *0.03 .0118 1.11 *0.11 .0688 1.15 *0.914 .olsL 1.21 *0.06 .01914

. tib.000

2 0.02142

N.R.C.
Date

'1

S /.0O3L

2 o.oi6

'v1=

tyO.00077

:2 0.0277

'i1II

:typ.00097

=2 0.0311

1-29 1.15 +0.16 .0256 1.00 +0.014 .0016 0.93 -0.014 .0016 1.08 +0.01 .0001

1-30 0.96 -0.03 .0009 0.99 +0.03 .0009 1.00 +0.03 .0009 1.16 +0.09 .0081

1-31 1.09 0.10 .0100 1.06 +0.10 .0100 0.9° +0.02 .00014 1.15 +o.oe .00614

2- 1 0.68 -0.11 .0121 0.80 -0.16 .0256 0.93 -0.014. .0016 1.10 +0.03 .0009

2- 2 0.89 -0.10 .0100 0.97 +0.01 .0001 0.99 +0.02 .00014 0.87 -0.20 .01400

0.99 *0.10 .0586 0.96 *0.07 .0382 0.97 *0.03 .00t9 1.07 tO.08 .0555

L2 M2 V2

t/o.002c3 s*,/b.00ii :iyo.000145 a±1/b.002775

11 0.05141 .2 0.01437 .2 0.01565 :2 0.0526 -.10



Table VI (continued)

l9Lib-Lt7 )/.. .1.H. B.B. P.S.

.R.C.-10 mg. x d d' x d xd a2 x d d2
Date
2- 5 0.75 -0.11 .0121 0.83 .0.03 .0009 0.86 -o.o6 .0036 1.12 +0.08 .006)4
2-6 0.78 -0.08 .006)4 0.76 -0.0)4 .0016 0.87 -0.05 .0025 1.09 +0.05 .0025
2- 7 0.90 .0.0)4 .0016 0.85 .0.05 .0025 0.99 .0.07 .00)49 1.15 +0.11 .01212- 8 0.92 .0.06 .0036 0.72 -0.08 .006)4 0.99 40.07 .00)49 0.96 -0.05 .006)4
2- 9 0.93 +0.07 .00)49 0.86 +0.06 .0036 0.89 -0.03 .0009 0.86 -0.18 .032)4

0.86 tO.07 .0286 0.80 t()()5 .0150 0.92 *0.06 .0168 1.0)4 *0.10 .0598

'i'3 1T3 'T3II '3
* i/0.00lLi3

± 0,0375

/. 000594.00293

'D /.0O32

.1 0.0593

1.13
- 0.°9
0.1L* sinifioAnt

002J3s . 0o:!l4-3

D= ±/.0OL36

:* O.0uô03

:± 0.0273

'fw1_'2=* j/o314+.001o1

'B

=* 0.0731)4

1.11
- 0.96
0.15* signifloant

'B!' 2-M3 0019 .00075

:j 0.05157

:± 0.0289

± i/. 0001(4.0002)45

'B *4/ooiol5

* 0,03185

1.15
- 097
0.1k si'rnifjcant

2_l3_*V'. 0002L5+.0oo&

'B ,fooioa

:± 0.03293

*'/o.op299

i 0.05)468

'b!1
'2

/. 000?7+. 002T(5

a_B

± 0.06119

1.21
- 1.07

o.i)4* sir'nifioant

0027754.00299

'b *./.Qp5765

.10.07592
o.09 0.96 0.97 1.07- 0.86 - 0.50 - 0.92 not - 1.0)4 not
0.13 significant 0.1b significant 0.0 significant 0.03 einifioant

*DifL'erenoea are supposed to be two times the standard deviation of the differences to be significant.



Table VI (continued)

19146-147 W.H. 13.8.

fbI'1_!:3: t1/ 000°+.oflh)3 1_1V3:* ,/.003144+.00075 D:1 /.Yo77# .000814

1) ±4/.00202 :±/.flfl119 lb ±/.00131

to.011J40

1.13
- 0.3o
0.2T significrt

= 0. 06)7 3

1.11
- 0.80

0.51 significant

=* 0.014012

1.15
- 0.°2

0.23 slj'nificant

.s.

Dr1-v *47.000974.00299

lb /.oO

:± 0.0ô29

1.21
- 1.014

0.17 sin1fioant



Table VI (continued)

DeviatonTu1ated on last B days of eTTio
I9]4'7-L8 N.A. B.D. L.F. R.R.
Sat'n x d x d d d x d
Date
10-21 1.07 .o.oL .001 1.25 40.07 .00Li9 1.25 0.00 .0000 1.19 -0.03 .0009
10-22 1.00 -0.03 .0O0 1.13 -0.05 .0025 1.27 +0.02 .000L O.9L. -0.28 .078L
10-23 1.03 0.00 .0000 1.09 -0.09 .0081 1.13 -0.12 .OiL4L 1.28 40.06 .0036
10-2L 0.90 -0.13 .0160 1.23 +0.05 .0025 1.10 -0.15 .0225 1.27 40.05 .0025
10-25 1.07 +o.oL. .0016 1.2° +0.11 .0121 1.3' 40.10 .0100 1.17 -0.05 .0025
10-26 0.98 -0.05 .002 1.17 -0.01 .0001 1.19 -0.06 .0036 1.!o +0.18 .032t
10-27 1.07 +o.oL1. .0016 1.12 -°.o6 .006 1.25 0.00 .0000 1.22 0.00 .0000
10-26 1.10 .0.07 .0oL9 1.13 -0.05 .0025 i.L12 +0.17 .0289 1.30 +0.08 .006L

1.03. *0.05 .0300 1.18 ±0.06 .0363 1.25 *0.08 .0798 1.22 to.00 .1267

00 11425

Date
10-31

11- 1
11- 2
11- 3
11- 14

11- 5
11- 6

11- 7

* .02315 * .025145 * .0377149 * .0L757

0.85 0.00 .0000 0.87 -0.01 .0001 1.05 +0.08 .00614 1.00 +0.06 .0036
0.85 0.00 .0000 0.8 -o.oL .0016 0.90 -0.07 .00149 1.01 -0.02 .00014
0.93 +0.08 .00614 0.87 -0.01 .0001 0.87 -0.10 .0100 1.00 -0.03 .0009
0.89 +0.014 .00i6 o.ct +0.06 .0036 1.01 +o.o14 .0016 1.05 +0.02 .000L
0.914 +0.09 .0081 0.78 -0.10 ,0100 o.Q6 -0.01 .0001 1.C9 .0.06 .0036
0.85 0.00 .0000 0.00 +0.02 000L 0.96 -0.01 .0001 1.01 -0.02 .00014
0.73 -0.12 .01LL 0.08 p0.10 .0100 0.03 -o.o14 .0016 0.98 -0.05 .0025
0.714 -0.11 .0121 0.88 0.00 .0000 i.o14 +0.07 .o0L49 0.99 -0.014 .0016

0.85 ±0.06 .oL26 0.88 to.014 .0258 0.97 *0.05 .0296 1.03 *14 .01314

M2- M2-
2 '2

:y.0o07o1 *j/&5TItT ±/)()(J59 ±.j/.000239

* .02758 * .021147 :* .023 .015145



Table VI (continued)

Deviation calculated on last 5 days of each period
l97-t
N.R.C.-10 rnr.

LA.
x d d x

J3.D

d d2
?.F.

x d x

R.R.

d dDate
11-10 0.87 40.06 .0036 0.89 -0.02 .000)4 1.01 +0.05 .0025 0.97 -0.0111-11 0.b9 -0.12 .OiLjL 0.77 -o.ili .0196 0.0! -0.01 .0001 0.96 -0.02

.0001

11-12 0.81 0.00 .0000 0.86 -0.05 .0025 0.03 -0.03 .0009 0.0') .0.01
.000)4

11-13
11-1)4

o.8L1. #0.03
0.72

.0009 1.00 .0.09 .0081 0.9° +0.03 .000c 0.06 -0.02
.0001
.000)4

-0.09 .0081 0.82 -009 .0081 0.96 0.00 .0000 0.9)4 -0.0)4 .0016
11-15
11-16

0.82 +0.01
0.85 .0.0)4

.0001 0.96 +0.05 .0025 0.99 +0.03 .0009 0.96 -0.02 .000)4

.0016 0.97 +0.06 .0036 o.o)4 -0.02 .000)4 1.03 +0.05 .0025
11-17 0.86 40.05 .0025 1.02 40.11 .0121 0.9)4 -0.02 .000)4 1.0)4 .0.06 .0036

0.81 *0.05 .0312 0.91 *0.08 .0569 0.96 *0.02 .0061 0.98 *0.03 .0091

_'3= ''3_ '3= /
r*$'.001015 :*dI/000i09

* .0236 ± .03187 .oio)4h =* .01276

rbw ±%/00 536+ 000761

1'D ±4/.001257

:i .03601

1.03
- 0.85.

0.lb significant

DV1-M2= 0006Llii... 000)4eT

D /01109

= .0333

1.18
- 0.88
0.30 signifioant

D1-W2- */ 001L45+ .000529

1D :1/0p195L

=* .0t4)42

1 25
- 0.07
0.25 significant

''l -M2 *4'323, .000259

D *.00502

* .050019

1.22
- 1.03

0.19 8ignifioant



Table VI (contthud)

TZ7-h5 N.A.

n.2i 2fubo7o14.00055y 'b? 23 j/.000L461..00lolo

'b =*A/?Jp1315 t *j/.001L77'

:± .0363 =± 05li

o.er o.e
- 0.Ll rot - 0.l not

0.OIi sicrniflcant -0.03 s1rnificsrt

±To53o..00p7

#5

=t .03306

1.03
-0.61

0.22 sinifioant

Ti_13_*V.00040f1016

: .OLiO7Q

1.16
- 0.91

0.2T s1-rdficart

h.

Dl 2.43± y.000529+. 000109 Dr-M= i/. 0002354 0001o3

'b *j/.oroou

.* o2c2 ± .0200L

1.02

- O.0 not - 0.9d
0.01 stnIficart 0.0 sivrift cant

D j/.00153I

± .03016

1 25
- 0.90

0.29 s.t"ijfjcant

'?T1-M7:* 4/bO22b5+.00Ojô3

D =t/o02t26

* .oL25

1.22
- o.°e

0.2t significant



Table VI (continued)

Deviafion calcul ed sE
19L7-Li8 1:.A% .D. ].F'.______________________________________
Sat'n x d. x d x d2 x d2

10-2L 0.90 -0.12 .OlLJi 1.23 +0.0)L .0016 1.10 -0.16 .0256 1.27 0.00 .0000
10-25 1.07 +0.05 .0O25 1.25 40.10 .0100 1.35 êfl.OQ .0081 1.17 -0.10 .0100
10-26 0.98 -o.oL .0016 1.17 -0.02 .000 1.1° -0.07 .00.° i.LtO .0.13 .0169
10-27 1.07 +0.05 .0025 1.12 -0.07 .00LLO 1.25 -0.01 .0001 1.22 -0.05 .0025
10-28 1.10 +0.08 .00614 1.13 -0.06 .0036 l.L2 +0.16 .0256 1.30 .0.03 .0009

1.02 *0.07 .027L 1.10 *0.06 .0205 1.26 o.io .o6L13 1.27 t0.0 .0303

V20 V2o 1/20

:*4/.00102 */.no32i

:* .0370 :* .0'oi :t .0567 t

.R.C.
Date
11- 3 0.89 +0.06 .006 0.°)t .iO.OLt .0016 1.01 .0.03 .000° 1.05 +0.03 .0009
11 4 0.9L. +0.11 .0121 0.78 -0.12 .oiti4 o.°6 -0.02 .00014 1.0° +0.07 .00b9
U- 5 0.85 +0.02 .00014 0.90 0.00 .0000 o.6 -0.02 .000L4 1.01 -0.01 .0001
ii- 6 0.73 -0.10 .0100 0.98 +0.03 .00611 0.'3 -0.05 .0025 0.03 -0.014 .0016
11-7 0.7L -0.09 .0061 0.88 -0.02 .00014 1.014 +0.06 .0036 0.99 -0.03 .0009

0.83 *0.08 .03L2 0.90 *0.05 .0228 0.08 tO.0L4 .0078 1.02 o.oL4 .00814

2 2
f */75l37

2y V 2o

4/00171 :*j/.00c7)o

t .01d35 :± .076 =± .fl17L .n2ot



Table VI (continued)

Deviation IThTTT,r last 5 days of each period
19L7-L LA. 13.D. M.F. R.R.

N.R.C.-l0nig. x d d x d d x d d' x d
Date
11-13 0.814 .0.02 .0001.4 1.00 40.05 .0025 099 sO.03 .0009 O.Q6 -0.03 .0009
ii-114 0.72 -0.10 .0100 0.82 -0.13 .0160 0.06 0.00 .0000 0.9L -0.05 .O5
11-15 0.82 0.00 .0000 0.96 .0.01 .0001 0.99 +0.03 .0009 o.°6 -0.03 .0009
11-16 0.85 40.03 .0009 0.97 .0.02 .00014 0.914 -0.02 .00014 1.03 .0.014 .0016
11-17 0.86 eo.o14 .0016 1.0 .0.07 .0014° 0.914 -0.02 .00014 1.014 .0.05 .0025

0.82 *0.01.4 .0129 0.95 *0.06 .02148 0.96 *0.02 .0026 0.99 *0.014 .00814

IT3/t:

= ±.000L *y.00rdl.i. :*4/.ppp

* .02539 :± .0352 :* .oii14 * .02014

12 t%/.00137f. 0lfl

fJ) :±/.0050tS

: .055149

1 02
- 0.83
0.19 significant

±.00171+.0Q5

f ±j/.002355

= ± .0148526

0.83
- 0.82 not
0.01 significant

DL1-M2S i.00io+.00ii1i.

=

= ± .0146529

1.19
- 0.°0
0.9 significant

b?i2-M3- i/ G011L+.0012L4

.014878

0.90
- 0.95 not
-0.05 sipnificent

1 26
- 0.98

0.ti significant

l s*ppp5

:* .0228

0.°8
- 0.96 not
0.02 einifioant

*%/.001j 5.000L42

'i z*c?J]9yj

St .0143988

1.27
- 1.02

0.25 sinifioart

rDM3. *j/ 000Li2+ 000LL2

lb :*4/.00p5

* .02808

1 02
- 0.0 not

0.0 significant



Table VI (continued)

19L7-LB ?.A. B.D. R.R.

'D1'1 3: /. 00137+ 000

b *+f.002015

* .0)44888

1.02
- 0.82

0.20 sinifioant

13* *$/.0Q10d5+.0O1)4

'b *$/002255

* .o)475p

1 19
- 0.95

0.a4 significant

* /003215.. 00013 * p'. 001515+. O00L2

'b .*%/.opJ.

=± .057835

1.26
- 0.96
0.30 signf'ioant

"b .'iI/.001035

=* .0)43988

1.27
- 0.99

0.2 significant



Table VI (Continued)

2-25
2-26
2-

0.93 -0.114

0.99 -oo
.0196
.0064

0.99 -0.02 .00014

2-28
1.2k +0.17
1.16

.0289
0.°2 -0.09
0.89

oO

3- 1 1.05 -0.02
.0081
.0004

-0.12
1.03 .0.02 .0004

1.07 ±0.10

1.22 .0.21

.063)4 1.01 0.o9 .0674

V2
- *v'?517 =

.0563 .055o

N.R.C.
Date
3- 4
3- 5
3- 6
3- 7
3- 6

d

0.6a -o.
0.85 -0.05
0.96 +0.06
1.12 +0.22
0.°i +0.01

0.90 *0.11

*

= .0717

0.95 +0.07 .0049 0.82 0.00 .0000 1.02 +.12
0.85 .000g 0.85 .0.03 .0000 0.66
0.82 -0.09 .0051 0.72 -0.10 .Olon 0.56 -o.oJ
0.89 -0.02 .0004 0.84 .0.02 .00014 0.90
o.o .o.oa .0064 0.85 .0.03 .000 - 0.84 -0.06

oc *0.06 .0207 0.52 *0.0)4 .0122 0.00 *005

2 V V

* .03217 .02) ± .03255

.0025

.0036
o4ei

.0001

.1030

01L4
.0016
.0016
.0000
.0036

.0212

1.10
1.06

+0.03 .0009

1.00
_oo
-0.07

.0001

.004q
1.07
1.13

0.00 .0000
40.06 .0036

1.07 *0.03 .0095

- ±

.02179

0.95 .00q .0061
0.86 0.00 .000o
0.66 0.00 .0000
0.56 0.00 .0000
0.77 -0.09 .0031

0.56 ±0.04 .0162

02814



Tabi. VI (continued)

19lib-1.7 J.C. V.D. J.J.

N.R.C-b mg. x d d2 x d x d d2 x d d2
D&te
3-11 0.86 .0.07 .00)49 0.69 -0.06 .0036 0.96 .0.16 .0256 0.9)4 +0.10 .0100
3-12 0.82 .0.03 .0009 0.88 .0.13 .016° 0.75 -0.05 .0025 0.79 -0.05 .0025
3-13 0.81 +0.02 .000)4 0.68 -0.07 .00)49 0.6° -0.11 .0121 0.82 -0.02 .000)4

3-1)4 0.8)4 0.0 .0025 0.72 -0.03 .0009 0.79 -0.01 .0001 0.81 -0.03 .0009
3-15 0.63 -0.16 .0256 0.7° oo)4 .0016 0.81 .0.01 .0001 0.8)4 0.00 .0000

0.7° :0.07 .03t3 0.75 *0.07 .0279 0.80 *0.07 .0)40)4 0.8)4 *0.0)4 .0138

rM3_

- *.001715

= * .0)41)41

DM1-M2- *.00511,.001O55

'b :t.00l205

1 07
- 0.91

0.lb significant

DM_3* p'. 001035g.. 001715

ID *f.002750

:t .o52LsLa.

0.91
- 0.79
0.1 signifioant

= tV.001395

: .0373)49

#t&1-M *.00337..000o1

b =*i/.0o59s

:± .06308

1.01
- 0.82

0.19 siniftoant

M2M3 &y'.00cJol,..001395

ID :q.0o2o05

:* .0)4)477

0 82
- 0.75 not
0.01 signifioarit

#}53_

:1 .o14)p)4

1'1-M2 ij. 00515.. OClOb

D t,/.00621

t .0788

0.90
- 0.90 not
0.00 significant

bV_M3=&I/O1oô4.. 00202

b =*1/.005od

:1 055)49

0 90
- 0.80 not

0.10 signifioant

± /.0i33
3 V

:t4t000o9

:* .0262

12 *.p0iJ75,.00ji

) */pp]

.* .0358)4

1 07
- 0.86
0.21 sinifioant

23 00031+. 000t

b &yooi,o

:* .038729

0 86
- 0.8)4 not
0.02 signifio&nt
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Tabl VI (oontinued)

Deviation onloülated on last 8 dave of efth nerlod
19L47-8 1.C. D..
at'n x d x a x a a'- U

Date
2- 3 0.39 -o.L1 .1681 0.38 -0.33 .1069 0.09 -0.12 .oiLli 0.97 -0.17 .O29
2- L 0.146 -0.3b .1156 0.L3 -0.28 .078L 1.13 .0.07 .00LA i.00 -o.oL .0016
2- 5 o.5L ...0. .0676 0.148 -0.23 .0529 1.12 .0.01 .0001 1.03 -0.01 .0001
2- 6 0.63 -0.17 .0289 0.63 -0.08 .006L 1.06 -0.05 .0025 1.07 .0.03 .0009
2- 7 0.87 .0.07 .00L 0.92 .0.21 .olda 0.99 -0.12 .011414 1.15 .0.11 .0121
2- 8 i.1L ,0.3L .1156 0.59 .0.18 .032L4 1.32 .0.21 .014i1 0.9L -0.10 .0100
2- 9 1.02 .0.22 .o148L 0.90 .0.19 .0361 1.08 -0.03 .0009 1.09 .0.05 .0025
2-10 1.31 .0.51 .2601 1.06 .0.35 .1225 1.16 .0.05 .0025 1.18 .o.iL .0196

0.60 40.29 .8092 0.71 40.23 .L817 1.11 *0.08 .0838 i.oL 10.08 .0757

,i f:: /E17 4*
-i1.

Th1LLT ti00850 . * 4/. npiIQo *%/.001352

Si .1202 s* .0°2Th sI .03867 x .03676

N.R.C.
Date
2-13 0.96 .0.06 .0036 0.66 -0.03 .0009 0.7L -0.05 .0025 o.6Q -0.014 .0016
2-1L 0.87 -0.03 .0009 0.69 0.00 .0000 0.76 -0.03 .0009 0.8L .0.11 .0121
2-15 0.90 0.00 .0000 0.77 +0.08 .006L 0.72 -0.07 .00L9 0.83 .0.10 .0100
2-16 o.8L -0.06 .0036 0.72 .0.03 .0009 0.55 .0.06 .0036 0.72 -0.01 .0001
2-17 0.91 .o.oi .0001 0.66 -0.03 .0009 0.78 -0.01 .0001 o.6L -0.09 .0081
2-18 0.°1 +0.01 .0001 0.714 .0.05 .0025 0.85 +0.06 .0c3. 0.70 -0.03 .0009
2-19 0.al .0.01 .0001 0.63 -0.06 .0036 0.75 -o.oL .0016 0.70 -0.03 .0009
2-20 0.91 .0.01 .0001 0.62 -0.07 .00149 0.814 +0.05 .0025 0.71 -0.02 .00014

0.90 *0.02 .0085

1J:=

4/.000152

si .01232

0.69 *o.o14 .0201

/.00i

si .018914

0.79 *0.05 .0197

fN21/7
5

* .01876

0.73 10.05 .03141

:

Si .021467



Table VI (continued)

Deviation calculated onlast 8 days of each period
19L7-LLt T.C. D. 'ip. D.R.
N.R.C.-10 xng. x d d2 x d d2 x d d x d
Date
2-23 0.93 '0.11 .0121 0.61 -0.06 .0036 0.72 0.00 .0000 0.68 -0.05 .0025
2-2L 0.73 -0.09 .o081 0.67 0.00 .0000 0.62 -0.10 .0100 0.59 -0.1)4 .0196
2-25 0.69 -0.13 .0169 0.71 .o.o)4 .00i6 0.73 +0.01 .0001 0.89 +0.16 .0256
2-26 0.55 +0.03 .0009 0.67 0.00 .0000 0.69 -0.03 .0009 0.75 +0.02 .000)4
2-27 0.76 -0.06 .0036 0.66 -0.01 .0001 0.71 -0.01 .0001 0.83 +0.10 .0100
2-28 0.93 .0.11 .0121 0.71 .0.0)4 .0016 o.6q -0.03 .000° 0.83 40.10 .0100
2-29 0.55 +0.03 .000° 0.65 -0.02 .000)4 0.88 +0.16 .0256 0.59 -0.1)4 .0196
3-1 0.79 -0.03 .0009 0.70 *0.03 .0009 0.71 -0.01 .0001 0.68 -0.05 .0025

0.82 0.07 .O5T5

r13_

"MT. 000991

:* .031)48

112tj/. 01L445+. 000152

lb :ty.pl

:j .12083

0 80
- 0.90 not
-0.1J significant

0.67 *0.03 .0082

IR.::* / 0082
1/so

=t .01208

t4/p3o02, 'n0035o

'b *po
* .09)466

0.71
- o.6o not
0.02 si'nifioant

0.72 *0.0)4 .0377 0.73 *0.10 .0902

lp

*%/.001bll

* .0250)4 * .0)4013

1 2
* 4/01)496+ .000352

D :t4t0O1d)48

=* .o)42e33

1.11
- 0.70
03 significant

1?1
2

54 .

b

:* .014425

1.0)4

- 0.73
O.31 signifioerit



Table VI (continued)

19L7-l5 T.C. D.E. .1'. D.R.

rD12_M3 * {. 0001524.000991

'b :/.001lit3

:* .033808

0.00

- 0.82
O.0 sigrlfioant

bL1-M3.* 1/.01L4!45+ .000991

rD*V.015LJ41

* .12Li26

0 80
- 0.82 not
-0.02 significant

DY-13_*4/. oo..000n

:* .022L7

0 6°
- 0.67 not
O.0 signiftoant

-M3. * 4/. 00tk024 . 0001h

'D :*/.00j

:± .00353

0.7].

- 0.67 not
o.it siinifioant

fDL_Mf* %/. 000352+ .000673

:t4/.p01o25

: .03201

0.7°
- 0.72

0.07' si-nlficant

]._13_ ky. 001L96. 000673

rD *4/.0021b9

n* .ot657

1.11
- 0.72

sipnifioant

'i)Y2-W3Z M's 000609+ 001.611

'b

:t 0t711

0.73
- 0.73 not
0.00 significant

1'1-3 135d4 .001611

Fj

:± .05)443

1.014

- 0.73
0.31 sirnificant



Table VI (continwd)

-
iatior óWThii1atod on last daviThY each 5erTod

I9L7r_l45 1. D.. T.P D.R.

Sat'n x d d2 x d d2 x d d2 X d d2

Date
2- 6 0.63 -0.36 .126 o.6 -0.25 .0625 1.06 -0.06 .0036 1.07 -0.02 .000Li

2- 7 0.87 -0.12 .oiL1 0.92 ,o.oL .0016 0.00 -0.13 .0169 1.15 .0.06 .0036

2- 8 1.1i .0.1 .0225 0.9 .0.01 .0001 1.32 0.20 .otoo 0.9! -0.15 .0225

2- 9 1.02 +0.03 .0009 0.90 .0.02 .000L 1.08 -0.0)4 .0016 1.09 0.00 .0000

2-10 1.31 +0.32 .102L, 1.06 .0.16 .032L 1.16 +o.oL .0016 1.18 .0.09 .0081

0.99 020 .2698 0.88 *0.10 .0970 1.12 *0.0 .0637 1.09 *0.06 .0316

l'M11/.2o9i
.

Fi71=*/;!t7-

20 V20
*j/.00La35 t/.0O3135 :*j/.cY0173

:* .i1ciL : .o6°6L :± .056L35 t .0L159

N.R.C.
Date
2-16 o.8L -o.o6 .0036 0.72 +0.05 .0025 0.85 .o.oL noi6 0.72 .0.03 .0009

2-17 0.91 .0.01 .0001 0.66 -0.01 .0001 0.78 -0.o .0009 o.6! -0.05 .0025

2-18 0.°1 0.01 .0001 0.7L1. +0.07 .00Lo 0.85 ,o.oL .00ió 0.70 .0.01 .0001

2-19 0.1 .0.01 .0001 o.6 -n.oL .00i6 0.75 -0.06 .0036 0.70 .0.01 .0001

2- 0.91 +0.01 .0001 0.62 -0.05 .0025 0.8)4 +0.03 .0009 0.71 .0.02 .000)4

0.00 *0.02 .00)40 0.67 *0.0)4 .0116 0.81 ±o.o)4 .0086 0.6° *0.02 .00)40

±4/.0002 :*j/.0005b =i/.°°°)4

:t .oth.i)4 :* .02)408 :* .020736 * .01)4114



Table VI (continued)

DeviEon ca1ou1atedi1ast 5s of eadh period
l9Lq-145 T.C. O.E. W.P. D.R.

N.R.C.-1Orr. x d x d d2 x d x d a2
Oate
2- 0.85 .0.01 .0001 0.b7 -0.01 .0001 0.6° -0.05 .0025 0.75 +0.01 .0001
2-27 0.76 -0.08 .00614 0.66 -0.02 .00014 0.71 -0.03 .000° 0.83 +0.00 .0081
2-28 0.93 .0.09 .0081 0.71 .0.03 .0000 0.69 -0.05 .0025 0.83 +0.00 .0081
2-29 0.65 +0.01 .0001 0.65 -0.03 .0009 0.88 +0.1)4 .0196 0.59 -0.15 .0225
3- 1 0.79 -0.05 .0025 0.70 +0.02 .000L1 0.71 -0.03 .0000 0.68 -0.06 .0036

0.814 0.05 .0172 0.68 10.02 .0027 0..7L; *0.06 .02614 0.714 *0.08 .014214

:* .02932

i/. 01311+. 0002

'Tj :±.pl3oo

:± .0117

0.95
- 0.90

0.09 sipnificoit

D?2-L 3S*4/.O002$.0003b

1D ±j/.00ioo

* .03255

0
- 0.8)4 not

0.0b significant

1*1/. 000i

± .01161

2
001455+. 00055

'b =±.0o5J43

:± .07368

0 88
-0.67 /

0.21 signiFicant

D!3* y.00055+ 000135

'b :±4/.00071

:± .026730

0.67
- 0.68 not
-0.01 sirnificnt

*4/.0013

:± .03633

D1.J _M,t j/. 003155+ .000143

D *4/.003b15

:± .o6ol2Li.

1.12
- 0.21

0.31 sirnifioant

DW2W3:t 47.0001434 .00132

'? *4/.00175

= .o1i8

0 81
- 0.7L not
0.07 significant

47.00212

n* .0146014

l2003 .0002
rD :*.00].93

:t )4393

1.09
- 0.69

0.L4.0 significant

4/.0002+. 0021.2

l :2.yoo3

:* .014316

0.69
- 0.7)4 not
-0.05 signifloant



Table VI (continued)

19L7-L8 T.C. D.E.

ft*1-3= */.Q13JC)4.(0O35

:± .011979

0.99
- O.8L

sionfjcart

lJL1-T 4/C)0L0.+ .000135

liD *4/. ootn

:± .07O60L

o 88
- 0.68

0.20 snificant

±4/. 001b5#.0T

f :±4/ooL5o5

± .06711°

1.12
- O.7L

sin1fcnnt

130017900212

:t)/.Op355

:L o62oL

1 0°
- 0.7L

0.35 signIficant



Table VII

Significance of the Means by Analysis of Variance
for the Concentration of Ascorbic Acid in Plasma

A. Adolescent Girls

lubiect M.G. Lii, B.R. P.S LA. B,D. M.F. R.R.
Plasma Plasma Plasma Plasma Plasma Plasma Plasma Plasma
L.A. L.A. LA. L.A. AL. L.A. LÀ. L.A.
Mg% Mg% Mg% Mg% Mg% Mg% Mg% Mg%

qaturation 1.13 1.06 1.13 1.28 0.90 1,23 1.10 12?
eriod 1.19 1.20 1.24 1.17 1.07 1.29 1.35 1.17

1.34 1.01 1.07 1.13 0.98 1.17 1.19 1.40
1.04 1.00 Li? 1.29 1.07 1.12 1.25 1.22
1.13 1.30 1.14 1,20 1.10 1.13 1.42 1.30

I.R.C. 1.15 1.00 0.93 1,08 0.89 0.94 1.01 1.05
eriod 0,96 0.99 1,00 1,16 094 0.78 0.96 1.09

1.09 1.06 0,99 1.15 0.85 0.90 0.96 1.01
0.88 0.80 0.93 1.10 0.73 0.98 0.93 0.98
0.89 0.97 0.99 0,87 0.74 0.88 1.04 0.99

N.R.C. - 10 mg 0.75 0.83 086 1.12 0.84 1.00 0.99 0.96
0.78 0.76 0.87 1.09 0.72 0.82 0.96 0.94
0.90 0.85 0.99 1.15 0.82 0.96 0.99 0.96
0.92 0.72 0.99 0.96 0.85 0.97 0.94 1.03
0.93 0.86 089 0,86 0.86 1.02 0.94 1.04

tPsh1. Af

erjods Totals Means

9aturation 5.63 557 5.75 6,07 5.12 5,94 6.31 6.36 46,75 1.17

.R.C. 4.97 4.82 4,84 5.36 4.15 4.48 4.90 5.3.2 38.64 0.97

.R.C. - 10 mg 4.28 4.02 4.60 5.18 4,09 4,77 4.82 4.91 36,69 0.92

14.88 34.41 15.19 16.61 13.36 15.19 16.03 16.41 122.08Totals

Means 0.99 0.96 1.01 1.11 089 1.01 1.07 1.09

712 divisor
2x2

divisor cc.
erson 1871.1654 15 124.7444 0,5483
eriod 5024.7682 40 125.6192 1.4231
roup 631.4882 5 126.2976 2,1015
rror --- -- --- 0,6560
ota1 126.9536 1 126.9536 2,7575
orreotion 14903.5264 120 124.1961

Interaction s.c. .1301

Tariation d.f. s.c variance F
erson 7 0. 5483 0.0783286 11.46
eriod 2 1.423]. 0.7116 104.14
[nteraction 14 0.1301 0.0092929 1.36
!rror 96 0.6560 0,006833
Lota1 119 2.7575

significant
significant
not significant

1.1?
- Q.97
0.20 significant

0,97
- 0.92
0.05 significant



Table VII

Significance of the Means by Analysis of Variance
for the Concentration of Ascorbic Acid in Plasma

B. Adolescent Boys

ubiect J.C. V.1), GS. TQ, D.E. W.P.
Plasma Plasma Plasma Plasma Plasma Plasma P1asm
A.A. A.A. LA. A.A. A.A. A.A. A.A.

Mg% Mg% Mg% Mg% Mg% Mg Mg%

aturation 0.93 0,99 1.10 0.63 0.63 1.06 1.0?

eriod 0,99 0.92 1.06 0,8? 0.92 0.99 1.15
1.24 0,89 1.00 144 0.89 1,32 0.94

1,16 1.03 1.07 1.02 0.90 1.08 1.09

1,05 122 1.13 1.31 1.06 1.16 1.18

N.R.C. 0.98 0.82 0.95 0.84 0.72 0.85 0.72
Period 0.88 0.85 0.86 0.91 0.66 0.78 0.64

0.82 0.72 0.86 0.91 0.74 0.85 0.70

0.89 0,84 0.86 0.91 0.63 0,75 0.70

0.99 0,85 0.77 0.91 0.62 0.84 0,71

N.R.C. 10 irig 086 0.69 0.94 0.85 0.67 0.69 0.75
Period 0.82 0,88 0.79 0.76 0,66 0,71 0,83

0.8]. 0.68 0.82 0.93 0,7]. 0.69 0.83

0.84 0.72 0.81 0.85 0.65 0.88 0.59

0.63 0,79 0.84 0.79 0.70 0.71 0.68

,

'erlods Totalø Means

saturation
.R.C.

.R.CS - 10 mg

5.37
4.56
3.96

505
4.08
3.76

5.36
4.30
4.20

4.97
4.48
4.18

4,40

337
3.39

5.61
4,07
3.68

5,43
3,47
3.68

36,19
28.33
26.85

1,03
0.81
0.77

13,89 12.89 13.86 13,63 11.16 13,36 12.58 91.37Totals

Means 0.93 0,86 0.92 0.91 0.74 089 0.84

divisor

22
divisor S.s.

'erson 1198.2523 15 79,8834866 0.374l82
eriod 2833,2275 35 80,9493571 1.440053

roup 407.5585 5 81, 5117 2.002396
rror -- --- 0,8464
Lotal 82.3581 1 82,3581 2.848796;

Oorreotion 834.8,4769 105 79,5093038
Interaction s.s, 0.lB2

iarjation d.f. ss, variance

Person 6 0,3741828 0,0623638 6,189
Period 2 1,4400533 0,7200267 71.4595
Interaction 12 0.1881601 0,0156800 1.5561
rror 84 0. 8464 0,010076

Total 104 2,8487962

1.03
- 0.81

0.22 significant

0.81
- 0.77 not
0.04 significant

significant
significant
not significant



Table VIII

The "T" test for Least Significant Difference Between Means

for the Concentration of Ascorbic Acid in the Plasma

A. Adolescent Girls

Least significant (5%) difference between any two means of periods:

t.05[l06833T with 96 d.f.

1.985 2(.Oo6iY
V 40

1.985 / .013666

V 40

1.985 {.000342

(1.985) (.01849)

0.03670

Least significant (5%) difference between any two means of persons:

t.o5 fL0o6B33) with 96 d.f.
V 15

1.985

V 15

1.985 / .0]3666

V 15

1.985 '[000913.

(L985)( .030183)

0.05991
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Table VIII - (continued)

The "T" test for Least Significant Difference Between Means
for the Concentration of Ascorbic Acid in the Plasma

B. Adolescent Boys

Least significant (5%) difference between any- two means of periods:

t.05 / 2(.010076) with 84 d.f.

V 35

1.989 / 2(.010076)

V 35

1.989 / .020152

V 35

1.989 V .000576

(1.989)(.o24)

0.047736

Least significant (5%) difference between any two means of persons:

t.05 / 2(.010076) with 84 d.f.

V 15

1.989 / 2(.010076T)

15

1.989 / .020152

V 15

1.989 .001343

(1.989) (.03663)

0.072897



Table IX

Compari8on of Mean Plasma Ascorbic Acid Values of Boys and Girls

No. of Man Variance
observations X d.f.

Girls 120 1.0173 0.006833 96

Boys 105 0.8702 0.010076 84

t : Xz X2. 1.0173 - 0,8702

4 /0.006833 P°076
N2 120 105

= 0.1471

/ö.00005694 4 0.00009596

= 0.1471

/0.00015290

= 0.1471

0.01237

U.89 with 84 d.f,




