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INTRODUCTION AND CITATION OF LITERATURE

Before modern methods of deteoting mild or subelinical deficiency
digseases were developed, the status of the individwml with regard to vitamin
C adsquacy was determined by the pressnce or absence of mild o gross symp-
toms of sourvy. As early as 1772 Lind reported that the presenes of petechiae
was the most constant symptom te occour in individuals with seurvy. mothw
frequent early sign of vitamin ¢ deficiency was that of mild bleeding or
swel ng of the gums, These gross signs of vitamin C shortage were pre-
ce :d only by a short period of fiwe to eight days echaracterized by wesk-
ness and lassitude. The early appreciation of the antiscerbdutic properties
of fresh vegetables and citrus fruits led to the appraisal of the dlet as
an indirect means of diagnosing suspected osses of vitamin C deficiency.
Thus menifestations of symptems of sourvy assosiated with an apparent low
intake of foods possessing antiseorbutic preperties served es the early
moans of judging vitamin ¢ status,

In recent years it has bdeen appresiated that deficisncy diseases have
reached an advanced state whem they can be diapgnosed by tisaune changes whieh
oan be recognited grossly. Less severe tissue changes msy not be apparent
and yot the individuml may be suffering from prolonged vitemin C shortages.

The isclation and syntheeis of assorbis asid and the develomment of
practicel methods of assaying for this nutrisnt have aoted as a great
stimlus to the study of methods of meeasuring “tamin C status. At present
the adequaoy of vitamin C in humen nutrition is determined by ons or more
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of severasl measurements. These include determination of the resistanse of
the ocapillaries to preasuwrs, metsurement of the exeretion of asscorbiec aeid
in the urine when the subject is on an average mixed diet or following
administratio~ £ large doses of assorbic asid, and the analysis of ths
fasting blood ascorbic seid level.

Capillary fragility is detemmined either by the positive pressure
technio of GBthlin (1933), or the negative pressurs technic of Dallderf
(1938)s This method was first used by GBthlin who messured the ecapillary
resistance at varying levels of vitamin C intake, in an attempt to determine
the hman requiremsnt of the vitamin. While it was first thought that this

method might be prastioal for deteeting mild cases of vitamin € inadequasy,

it bas been pointed out in later pepers by GBthlin (1937) that tho tesG may
serve only as a mathod of detecting a rather severe degree of vitemin ¢
undernutrition, 6G8thlin found that when the capillary resistanse fell,
indicating definite wvitamin C shortage, plasma sgeorbic scid wvalues ranged
from 0.1 te 0,14 milligrams perosnt. These wvalues are considerably below
the aseepted minimum normal waluss for asecrbic secid sconcentration of dlood
as reovealed by more resent studies,

Other investigators hawe found no correlation between waluss for oapil-
lary fragility and plesma concentrations of escorbiec seid (Farmer, Abt, and
Epstein, 1936; Hawley and Stevens, 1936). Acocording to Sloman (1938) the
capillary resistance test in the majority of cases gives dependabls infor—
mation oonocerning the presence or sbsensce of vitsmin C depletion but does
not indicate the degree of depletion. He points ocut thet the test also
gives falsely negative results in the presenve of severe anemia., Rhinshart
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and Greenberg (1942) state that capillary fragility is not specifis fer
vitanin C deplotion and is of little value as an index of vitamin ¢ status.
Thus the method of determining capillary resistance as a means of detecting
ear r or mild avitaminosis C must be ruled cut, and hag been widely replaced
by the direst chemical tests which determine the assordic acid concentration
in blood and in urins.

During the years 1937 end 1938 sewveral reports have appeared in the
literature suggesting an intradermal test for detecting vitamin C defisiemcy
(Rotter, 1937; Portnoy and Wilkerson, 1938a)s This method in brief consists
of injecting e small quantity of the dye 26 dishlorophenclindephsnol beneath
the surface of the skin and noting the speed of decolorization which ocours.
The method has likewise been disearded ss a means of detecting mild vitamin
¢ defioiency.

The quantity of ascorbilc scid exoreted in the urins during the twenty-
four hour period has been used extensively s a method of measuring the state
of vitamin C nutrition. The exvretion of vitumin ¢ in the urins appears %o
be dependent upon the relative degree of saturation of the tissuss and the
immediate intake of ascorbioc acid. In genaral, at intakes of vitamin O
designated as low or defisient, the urinary exoretion of asoorbic asid is
low, inoressing with inereased intakes of the vitamin. Objections have beem
raised, however, to the use of the twenty-four howr exoretiom of witamin C
as & diagnostisc test, because of the wide individual wariation observed in
the amount of aseorbiec moid exoreted at relatively constant levels of intake
(Finoke and lundquist, 19423 Todhunter and Fatser, 1940). lorsover, tempo-

rary variations in the dietary intake cause corresponding flustuations imn
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the amownt of the vitanmin excroted. Hense a single low value may not be

an indication of & deficisnoy state. In those cases, however, when a single
value of asoordic acid is determined for the twenty-four hour perioed, it is
sssumed that the subject has been receiving a genercus inteks of vitamin C
if ths amount of asoorbdis acid exereted ranges from 20 to 50 milligrams per
day, while exeretions below 15 milligrams are aonsidered suggestive of s
defisiency (Yowmans, 1941).

It is now fairly well recogniged that a more sensitive estimation of
the vitamin C nutrition can be obtained by the use of a test dose, or
saturation period, than by determining the resting lovel of vitamin ¢
excretion alone, This method consists of determining the 4aily excretion
of ascorbio asid during a period in which large doses of asoorbio aeid sre
given to completely saturate the tissues. In normal subjeots a consideradble
portion of such a dose is exursted in the wrine within twenty-four hours,.
In the defioient subject mumsh of the dose may be retained in the tissues
and little or none appears in the urine.

Numerous prosedures have been described in the literature for deter-
mining the degres of saturation of the tissues. It is difficult te evaluabe
these findings due tc variations in the size of doses fed, the number of
days the dose is to be administered, the method of administration, and the
time interwal used to recover the major portion of the ingested aseorbie
acid., A dosage of TOO milligrams of erystalline assorbis asid per 10
stons of body weight (3140 pounds) has been recomasmded by Harris and
associates (1936) and has been used frequently by other investigatorse.
However, doses &s low as 100 milligrams and as high as 1000 milligrems
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have been reperted. When the assorbic asid is taken by mouth, as is

commonly the case, the excretion of 60 persent or more of the entire test
dose within twenty-four hours is considered to indicate tiasus saturation
(Smith 1958). As has been pointed out by Shaffer (1944) the exaretion of
ascorbic acid following a test dose varies with the route of administratiom.
A test dose administered orally reaches & peak of exeretion within three to
8ix hours dues to the time required for absorption. Aseorbic soid administered
intravenously is followed by an immediate rise in plasma goncentration and
maximm sxoretion ccourz in less than two hours. Subsubtansous injection is
proferred to intravencus administration by van Bekslen and Hoinemann (1938)
since intravenous administration raises the consentration in the blood so
suddenly that a transitory overflow intec the uwrins results before the tissues
becoms saturated. Lilienfeld et al, (1936) consider intremmsoular injeoticms
of the vitanin as satisfactory as oral dosages and superior to the intravenous
route, in that absorption is slower and the height of the inoreass in blood
plasme is sustained longer.

Drinary tolerance tests have been used by Portnoy and Wilkersen (1938b),
Balli and assoeointes (1938), and Wright and coworkers (1537). This prosedure
consists of administering a magsive dose of ascorbis seid parenterally and
observing the urinary excretion whish ocours within the following three to
five hours. Goldsmith and Ellinger (1939) state that in normal subjests
asgorbie acid exsretion begins to inarease within ons hour after the adminis-
tration of the teat dose, and remaches & peak botween the first and sixth hours,
The individusl with depleted vitamin C stores exhibits only a slight rise or

shows no rise at all following a test dose. Since appreximately 80 percent
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of the total twenty-fowr hour excretion ccowrs within the first six hours,
it is urmecessary to follow the exoretion period lonmger. The wrinary
toleranse test, because of its convenient six houwr colleotion period, has
been used widely by oliniciers as e means of diagnosing vitamin C depletion,
A further advancement has cocsurred in the swaluation of wvitamin €
status with the development of methods for the determinatiocm of vitamin C
in blood and plasma. While it is generally scoepted that fasting bdlood
levels of ascorbic acid perallel the inmtake of the vitamin, there is less
sgreement as to what valus of fasting blood ascorbis acid indicates depletion.
Abt et al (1936) have reported that healthy individusls receiving en adequate
intake of vitamin C will exhibit a plasma lewel of 0.7 milligrams perocent
or above. Values dbelow 0.7 milligrams percent are oconsidered subnormel or
at least suboptimml. Xajdi, Light and Kajdi (1939) state that on an
adequate intake of aseorbic acid, fasting waluss of the plasms range frem
0.7 to 0.8 milligrems percent, and that levels between 0.6 and 0,16
nilligrams percent indicate suboptimal stores. Symptoms of sourvy are reported
to ooour at levels below 0,15 milligrems percent. Goldsmith and Ellinger
(1939) designate the normal rangs of blood plasma as being between 0.435
and 1.96 milligrams percent. A plasma wvalus of at least 0.8 milligrams of
asgorbie acid per 100 milliliters of plasme has been used widsly as & ori-
terion of normml stores of vitamin C, The determination of the fasting
level has dDeen oonsidered the simplest and most direct exploratery method
for detecting subelinioal defioiency of the vitamin, Van Eekelen and
assooiates (1937) have shown that with an asoorbic acid scontent of the blood
of approximstely O.4 milligrams percent, a total of 2 grams of aseordis acid
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is required in adults dbefore saturation is reached, as compared with only

) gram for an initial blood valus of 0.8 milligrems percent. These workers
conslude that the dsgree of vitamin C saturation of & sudject can be esti-
mated by a single blood determination rather than the tedious urinary sxere-
tion test. The sitandards used by Van Eekelen and assogictes agree with those
suggested by Farmer, Abt and Epstein (1938), & blood velue of 0.0 to 0.4
rilligrems peroent denmoting depletiom, from O.4 to 0.8 milligrams percent
indicating moderats stores of vitamin C, and all values above 1.2 milli=-
grams perocent indicative of an exvellent state of saturation.

Tolerance tests based on the rise in plasma ascorbic aeid following a
standerd arally administered test dose have been developed as a means of
determining the degree of tissue depletion exlsting at an obviously low
fasting lewvel. EKajdi, Light and Xajdi state that in measuring or esti-
mating vitemin ¢ nutrition, the customary plasma vitamin C determination is
not an adequate oriterion. These investigators point out that plasma lewvel
of asoorbic asid is regulated by the intake, the rate of withdrawal from
or deposition into the stores, the rate of exeretion and the rate of
utilization. A low plasma level of ascorbic acid therefore may be dus to
ingestion of immdequate smounts of vitamin, low stores, or increassed destrus~
tion or utiliszation. If inadequate ingestion or inorsased destruction is
of short duration, then the storage may not be greatly interfered with,
although the plasma level is low, In such a case the inoresse in the plasms
vitamin C following the adeninistration of a test dose may be normal or even
above normal. Hence a combination of the initial plasma level and the
increase four hours following a test dose is eonsidered to give a more
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reliadle pisture of the storage of vitamin ¢ in the tissuea. Kajdi and
sssociates have developed a test for vitamin C storege which they refer to

as the “vitanin C index". The index is the produst of the initial valuwe

of the plasma and the inerease in plasma vitamin C four hours after injectiom
of the test dose. Thus smmall rise in the concentration of the plasms ascorbie
apid denotes severe tissue depletion, whereas a mrked increase indicates a
state of saturation., Other workers have expressed & zimilar eritiscism of
the use of the fasting plasma level as the sole oriteriocn of degres of
saturation. Greenberg et al. (1936) state that the reduced plasms ascerbic
asid is merely a measwre of the bmmediste nutritive or metadolisc lewvel
relative to vitsmin C and is dependent om recent distary habits to a large
degres. Cansequently, although it is an index of the vitamin ¢ mutrition

at the time of the test, a single low level does not imply tissue injury

or sourvy. Conversely a goed or high level of assorbis aeid in the plasma
would not always indisate tint & deficiency had not eperated to produce
tissue injury in the immediate past. These workers sonclude that a more
asourete index of vitamin C status in any given ocase ecan be mads by means

of serial dsterminaticms following aduinistration of known vitemin C
supplements.

Oral and intravemous toleranse tests, invelving simultaneous determina-
tions of the blood and wrins at frequant interwvals following the administra~-
tion of a single massive dose of asoorbis acid orally or intravencusly, have
boen suggested by Portnoy and Wilkerson (1938b) as fwrnishing the most
relisble informaticn concerning the state of vitamin C mutrition,

Numerous reports have appeared in which either blood or urine analyses
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have been used to determine the state of vitemin C mutrition,sinee in
normal subjeets there appears to be a direot relationship between the blood
level and the lewsel of excretiom at plven intakes of the vitamin.

The oriterion most frequently used as indisative of a satisfactory state
of vitsmin € nutrition has beon & fasting plasma level of 0.7 milligranms
peroent or above and the sxerstion of S0 peresnt or more of a test doas of
asoarbic soid. These oriteria bave Deen based on the usml performmncs of
a normal individual who ocan be expected to maintain a fasting plasma level
at or abowe this soncentretion on adequate intakes of vitamin ¢ and who will
exorete 50 percant of a test dose when the tissues are in a gtate of satura-
tion.

In studying the vitamin O status of various groups of individuals, it
has been observed that osscasionally subjects failed to resch the expeoted
fasting dlood asoerble acid level, even though the intake of ssearbic aeid
was highe Stotz ot al. (1942), in studying ascorbic aoid storsge of senile
patients, observed two individuals showing low plagma lsvels and tolerance
ourves indiocating & deficiency in spite of seemingly adequate intakes of
vitamin ¢ furnished from their hospital dist. These patienta displayed the
sxpectsd saturetion curves only after receiving supplemsntery doses of
300 milligrams of ageorbic seid daily for a pericd of two weeks. The faet
that normal exeretion surves were cbtained after two welks of high vitamin
C ingestion has been interpreted by Stots and his coworkers to mesn that
ebsorption of vitamin C wes normal in these caces. Besssy and White (1942)
in studying the asecrbic aeid requirements of children, obserwed a small

mmber of individuals whose blood plasms lsvels remained definitely low in
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st » of a regulur intake of assordie acid which was eonsidered sdequate
for the average ahilde All ohildren included in this study were considered
to be in normal health., Bessey and White suggest that the low levels mmy
be characteristis of oertain individuals and that in previous studies they
have also ensourrtered an occasiomal subject exhibiting low plasma levels
of asoorbic acid which were not explainable by their previous vitamin C
intake,

In the mutrition laberatory of Iema State College, routine exmminations
of plasme sscorbic acid levels of prospective subjects for a study of vitamin
C meteabolism during periods of controlled sxercise led to an extended
observation of one subject whose initisl fasting level of aseordic asid
varied fram 0.21 to O+48 milligrems percent. A quantitative check of the
self selected diet of this individual revesled an approximmte intake of
112 milligrams of ascorbio agid daily. Administration of a test dose of
50 milligrams of aseorbio seid resulted in & wrinary exeoretion of 53
perosnt of the test dose. Continued study of this same sudjeot revealed
that the plasmma concentration of assorbic acid did not inoreese following
the administration of 500 milligrams daily for 4 sucvessive days. Judging
from the findings of other workers it would appear that the tissues of this
subject were satureted with aseorbic acid but that the plasma aseordis seid
lovel remained within a deficient or suboptimeal rangs.

In an attempt to determine whether other fastors of the diet may have
influenced the plasms level of assorbioc soid, a check was zmade of the ocustom-
ary eating habits of the subjeot. The diet was found to be adequate in all
the usual nutrients when checksd against the reccmmended amounts proposed

www.manar



-11-

by the Eatiomal Research Council with the possible exeeption of thiamine,
The ealoulated thiamine intake of the diet was approximately 0,96 milligrems
per day as sampered with the figure of 1.5 milligrems as suggested by the
¥ationel Research Cowmeil, Ingquiry into the previous dilstery habits of this
subject indisated that the diet had been sonstantly limited to avoid gein
in welght and that the thiamine intake of the diet was apt to have been low
for quite some period of time. During s second experimental period at which
time one milligrem of thismine es thiamine hydroshloride was added to the
dist for a period of two weeks, it was cbserwed that the plasma ascorbio
acid values increased to within levels sonsidered indicative of normal
aseordic aeid stoves.

A search of the literature relative to possible interrelationships
betwesn thieamine and ascorbie acid has revealed little experimental evi-
dence of a positive nature. Sure and coworkers (1959) have studied the
influmoe of avitaminoses on the oxidation~reduction mschanimms of the

aniwe] organism by studying the aseorbisc aold content of wvarious tissues
of rats during various defieiency dissases. The above workers report
considerable reduction of aseorbie seid in gertain tissues of rats during
thisaine aud riboflavin defisiency. More recently it has deen demonstrated
that aseorbic aeid will prevent or owre mmmmymmmxg
of thiamins deficiency in dogs (Govier and Greig, 1943). These studies,
although demonstrated with speoies whieh synthesise vitamin C, suggest an
interrelationship betwesn thismine and assorbis seid which may have sig-
nificance in humen nutrition,

The oblmtim of Sealock and S8ilberstein (1939, 1940) and Levine,
Marples and Gordon (1941) comcerning the requirement of aseorbis asid for
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normal metadolism of phenylalanine and tyrosine mey also be of importance
here. Ascording to the above workers, in the absence of suffioient assorbis
acid, insamplete metabolism of aromatio amino aoclds ocours, In such instances
alpha kete acids are excreted in ebnormel quantities, Since thiamine fumo=-
tions in the removal of pyruvio acid derivatives from the blood, the possi-
bility exists that a shortage of thismine influemces the requiresent for
asgorbie asid depending upon the height of arematioc smino asids ingested.

In view of these possibilities and the results obtained in the serlier
study from this lsboratory whish suggested that thismine intake influences
the plasma ascorbic aoid oonocentration, frrther investigation of a possible
interrelationship between these two vitamins has been indiceted. The present
study, therofore, was mmdertaken to determine whether the thismine intake
of the diet plays & measurable part in the reguletion of ths sssorbic acid
loevel of the plesm,
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EXPERIMENTAL PROCEDURB

Subjects

Healthy occllege women of senior or graduate lewel were selectsd., It
was believed that adwanced students would show greater interest in the study
and cooperate more fully than students of & lower classification., Data
regarding age, height, and weight of the subjects are recorded in Teble 1.

Table 1. Age, height, and weight of subjects

Subject Age Height Weight
“Inches pounds
JeBo 24 64,6 123
ACe 23 62.5 126
B.Co 24 64,0 143
PXMa 20 4.5 128
K.N. 20 64.0 122

G.06 1% 65,0 1286

Rout 10 college entrance exsminations and health reeccrds of the subjects
indicated that they wers physieally normal,

The purpose and procedure of the sxperiment was explained to sach
prospective subjest at the outset and the necessity for complete coopera=

am throughout the study was emphasized.
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During the experiment, subjects oontinmued the ordinary routine of
slasswork and partiscipation in extrssurricular funetions, They wers asked
to keep & record of eny wnusual activity. The use of espirin or similsr
drugs was not permitted.

Diet

411 food was served at the college hospital in arder to insure
asouracy of distary resords. Due to conditions prewailing at the time of
the study it was impossible te offer a spscial dist during the experiment
and the diet ssrved to the regular hospital staff was used. PFood for the
sub 6te was weighed am & Chattilon soale which could de read to an soourasy
of one gram. Records were kept of the dietary intake of each subject. The
nutritive valus of the dista was ealoulated by a short method of analysis
recommended by Donslsom and Leichsenring (1942). This method consists of
grouping foods previously reported te contain approximately the same
quantity of a given mutrient and allowing one valus to serve as typioal
of the groupe

Origimally it was planned to allow subjects to select wmrestrioted
smounts of food throughout the stuly accarding to their individual appetites.
Subjects J.B., ACsy, and B.C. wore studied on this basis, Howewver, caloula=-
tion of vitamin C intake of these subjects showed & wide wariation from day
to day; thus it seemed advisable to ocontrol the quantity of vitamin C rich
foods in future subjeots. Aoccordingly, the vitamin C intake fer subjects
PoMe, KHoy and G.0. was limited to & caloulated range of 70 to 90 milli-
grame of asoordbio acid daily, This intake of ascorbic ecid was chosen
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because it approximstes the recommended allowange for vitamin C as set up
by the Food and Nutrition Board of the National Research Couneil (1943).

Experimental FPeriods

The gensrs plan of procedure throughout the study ineluded the following
periodss

1. 4An initial period wvarying from seven to fourteen days was
studie dwring which all subjeots receiwved a known quantity
of the regular college hospital diet, the quantities of foods
consumed depending on the individualts appetite. Subjects
JeBey Ao, 8nd B.C. were maintained on this initial peried
for seven drys while PJl., K.N., and G.0. were oontinmwed on
the hospital diet far fourteen days. Fasting plasma levels
and winary exorstion of ascorbic aoid were determined on
alternate days throughout this periloed.

2. A saturatiom period of three to fowr days followed during
which the subjects received & supplement of 500 milligrems
of orystalline asoorbie meid daily in swvenly divided doses
given at breakfest and at lunch, FPlasm ascorbic aeid waluss
and urinary eutput of asgorbis aoid were checked daily during
this period to determine the extent of tissue saturation maine
tained en the previcous intake of vitamin Ce

Se¢ A finmal period varying from seven to fourtsen days followed
the saturation periodes Those subjects maintained om period 1
for seven days were likewise oontinmued for seven days following
the saturation test, Plaswa and wrine were analysed daily until
the sxaretion of aseorbic asid fell to that of the initial
period. Determinations wers then made en altermate days,

4, memmiimu-npplmtotmnniymct
thiamine hydrochloride* daily and the periods deseribéd adove
were repeated on this higher level of thiamine intake,

Colleetion of Urine

Twenty-four hour urine specimens were collected directly inte wide-

““merck and Compary, Ins., Ralway, N. Jo
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moutht btrown bottles sontaining an asid preservative. The preservative
used consisted of 100 milliliters of § sulfuric asid, 100 milliliters

of ons percent metaphosphoric acid and 2 milliliters of S-hydrexy quinoline
(1,45 grams in 100 milliliters of alechol). Subjests wers instructed to
keep the urine samples tightly steppered between collecticns. Sexple
bottles were held at room temperature, After the campletion of ths twenty-
four hour collection, samples were brought ¢to the laboratory immediately
and analyses were made within four hours of this tine.

Deternination of Ascorbie Acid in Urine

The assorbic asid content of the wrine samples was determined by
the method of Ewvelyn _03_&_1_. {1938) with corrections for turbidity and
oolor as suggested by Bessoy (1938). This nathod involves the use of a
photoslestric colorimeter in measuring the amoust of 2: dichlerophenol
indophenol decolorized when & measwed qmntity;bof urine reavts with an
exoess of the dye. nnuaeothsd:!nhlmphonél indophenol to determine
sseorbie 20id is based en the fact that the dye is quantitatively and
rapidly reduced to & colorless campound by aseorblc aeid in seid solutim
(Besssy, 1938).

A stock solution of dye was prepared every two weeks by dissolring
1¢ mnilligrams of sodium 216 dichlorobensencne indophenocll in 200 millie
liters of Sorenson's rhosphate buffer solution having « pE of 7. This
buffer wag prepared by combining 38,9 parts of a molar solutiom of
potassium dihydrogen phosphate (9,08 grems per liter of solution) and

}EM Kodak Coe., Rochester, H. Y.
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, perts of a molar solution of sodium monochydrogen phosphate (23.587
grans per liter of solution). The dye was refrigerated in a brown glass
bottle when not in use. The stock soclution of dys wae diluted 1110 with
freshly redistilled water immediately preceeding urine determinations.

The ariginal optionl density of the dye solution was messured by
adding 6 milliliters of dye by means of a rapid delivery pipette to a
one milliliter aligquot of a solution comtaining the quantity of preserva-
tive present in a similar aliquot of urine, The readings were made in o
Klett Summerson colorimster after the galvanometer had been adjusted ¢o
2670 when cheeked againat a tube containing distilled water., Readings
were takem at 10, 15, 20, 30, 40, 50, and 60 seconds. Theze values were
termed blenk resdings. Next, the same quantity of dye was added to &
ons milliliter aliquot of wrine and readings taken at the interwals noted
abowve. A ocorrection for cslor and turbidity in the urine was made by
occmpletely redusing the excess dye with a few erystals of ascorble asid,
and subtraooting the dooolorized readings frem each of the originel readings.
The reducing value of the wrins was caloulated by subtraoting the corrested
urine readings from the correasponding dlank readings. These walues were
plotted agninst time and the eurve extrapolated by a smooth fres hand curve
to intersest the axis of ardimates to determine the redusing valus of
agsorbio asid. The consentration of ascorbic asocid in the sample was
oaleulated by multiplying this extrapolated walus by the ealibratisn
constant for the colorimeter determined by mesasurements of solutions of
pure aseordis asid,

A Sypioal resction welooity curve obtained by this method is shom
in P rure Y.
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Evelyn et .o state that the method slimimtes errors dus to inter-
fering colored substances and non-asocrbic asid reduwoing sudstances. The
authors point out that whereas the method is empirioal and gives approximate
results, the errors are far less serious than those of the ordimary visual
titration which may often amount to several hundred peroent. Bessey con~
siders photoelsotric messurement superioy to other methods for the determina~
tion of small amounts of aseorbic acid in substances eontaining pigments end

other re sing materials,

Deteraination of Flesma Ascorbie Acid

Plesma asoorbic aecid was determined by the mloro procedure of Farmer
and Abt (1936). Fasting bleod samples were obtainsd by finger punsture.
The blood was oollected into small vials cont2ining orystels of lithium
exalate as an antioocagulant. 8Samples were ocentrifuged for 5 minutes and
aliquots of 0.2 milliliters of clear plasma were pipetted into oentrify
tubes containing 0.2 milliliters of redistilled water. The plasma samples
wore then deproteinized by adding Oed milliliters of § peroent metaphos-
phoric aci = The samples were mixed snd ocentrifuged immediatsly. The
pre 1r«  deproteinized samples were refrigerated at low temperatures until
sach coul t titrated with a standardized solution of 2:6 dichlorophenol
in phe 1. The dye was made up as needed from the stack solution desoribed
ebove by diluting the dye 1:20 with redistilled water., The aseorbic asid
equive mt ' the dye was debermined by titration against & solution of

mown ascordl aeid sonsentration,
Titration of plasma aliquots was carried out with a Farmer and Abt .

mioroburrette of 1 milliliter capacity omlibrated to 0,002 milliliters.
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! » pipstte was read to the nearest 0,001 milliliter. A blank was deter-
nined with each aliguot of plasme by titreting 0.2 milliliters of 2.5
percent metaphosphoric aeid to the first permenent pink. The 0.2 milli-
liter aliquot of plasma was titrated to the same end point. The reduced
asoorbic asid ocontent of the plamma wasz caloulated according to the fol-
lo ng formula:

Hilligrams of aseorbis acid = milliliters of dys for plamma
aliquot = blank titration x dye equivalent x dflutien fastor,

Three individual determinations were made from two separate ssamples of
plagma and the averags valus obtained from the six titrations was used

st 1g asma a ¢ & d mnosntration,
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RESULTS ARD DISCUSS ION

Dietary Intake of Thiamine and Ascorbisc Acid

i . menus served to the subjects during the experiment are resorded
in Table I (APPENDIX). The oaloulated average daily intake and the range
of intake for both thismine and ascorbic acid have been summsrized in Table
2. At no time did the estimated consumption of ascorbic asid fall below
that of TO milligrame suggested by the National Research Counoll as desirable
for normal adult womsn. During several days the level of ascorbic acid in-
gestion was very high especislly for subjects J.B., A.C., and B.C., who were
studied first and who were not restricted in any way as to the gquantity of
asgordie asid foods saten. Thiamine intake, however, during the first period
of the experiment did not meet the value suggested by the Kational Ressarsh
Counoil as dssirable for adult women of moderate setivity. The quantity of
thianine estimated to be present in the hospital diet served all six subjects
during the first period of the experiment averaged about one milligram per
day as ocompared with the 1.8 milligrams propesed by the National Research
Couneil. While the thiamine intake of the diets during the first peried
did not approach the figure quoted by ths National Research Council as one
desirable for women showing moderate activity, it exceeded the wvalus of 0.8
milligrams per 2500 calories given by Lane and associates (1942) as typical
of the intaks of three-fourths of the American populetiun.

During the perlod of high thiamine intaks, an inoreased inteake in dietary

sources;of sthiamine ocourred in,all subjeocta due to the inclusion in the diet
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4 130 AT

Mgs. mgBe =g8e Nze.

Haanity] Diat

J.B, 126 78-186 1,12 0,83=1,36
AC, 140 85«190 1.01 0.79=1,28
B.C. 149 76-185 1,00 0,88«],36
P.M, 80 75=- 88 0.98 0.81~1,28
K.XN. 80 76= 86 1.08 0,80=1,28
@,0, 80 76- 86 0.98 0,79=1,30
Hospital Diet Plus 1 Milligrem Thiamine

J.B, 139 95=180 2,20 1.92=-2,48
A.C, 138 88-196 2,28 1,.86«2,45
B.C. 150 76-190 2,29 1.80-2,66
P.M, 80 T0= 90 2,22 1,86«2,49
K.N, 80 70= 90 2,52 1.82«2,46
3.0, 80 70~ 90 2.25 1,90=2,39
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of wh . grain or enrished dreads. Morsover, an unexpscted increase in total
consumption of foods wes ebserved. Three to five hundred additional oalories
were consumed regularly during this period. The addition of the one milli-
gram supplemsnt of thiamine hydrochloride brought the thiamine level of the
diet to approximately 2.25 milligrems daily. Occasional higher levels of
thismine intake resulted when the menu insluded pork, liver or peas which

are rich sources of the vitamin.

Urinary Excrstion of Asoorbisc Aold

Tables 3 through 8 give ecomplete data on eack subjeat including the
caloulated édletary intake of ascorbic asid and thiamine, the urinary exore~
tion of aseorbio soid and the plnmi concentration of ascorbis soid. A wide
fluotuation in deily urinary ucrotfon of ascorbic acid was observed in subjects
JdeBe, AC., and B.C. Thess data are given ia Table 9. When one considers
the variation in ascorbie scid intake éf these subjects, this fluotuation
is to bde expected. A smaller day to day fluctuation in urinary aseorbie
acid was observed for subjeots P.M., K.N., and G.0.,, who were on a relatively
fixed asecordbie ecid intake. The extent of ths fluctuation im azcorbiec seoid
excretion observed in these subjeots agrees with the findings of other in-
vestigators including Todhunter and Eobdbins (1940), Storviek and Bauck (1942)
and Roberts and Roberts (1942). Todhunter and Robbins have guestioned the
reliability of urinary sxecretion as a criterion of vitamin C status beoause
of the wariable results odtained with subjects eonsuming the same basal diet
and receiving the same supplements of crystalline asoorbdbic scid. Storviek

snd Hauck bave pointed out that although dally fluetuations in aseorbic seid
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Table 3. The influence of warying the level of thiamine
of the diet on the urinary exoretion and plasma
concentration of ascordic seid of subjeet J.B.

Estinmated Estinated Urinary Plagma

Date Intake Intake Exeretion Conasentration
Ascorbie Acid Thiamine Ascorbie Acid Ascorbdie Aeid
24-hours

N TTH Wgs. gs. “Ngs. Percent
Inttia) Peried
6-20-44 98 1.01 T0.9 0.80
8-28-44 128 0.98 55.9 0.83
6-30-44 150 0.956 52.9 0.86

Saturation Peried (500 milligrems of ascorbie acid given for four days)

7= 1-44 806 0.89 372.9 0.94
T- 2-44 616 0.85 651.9 Q.98
T- 3-44 620 0.87 661 .6 0.03
T- 4-44 €80 0.98 451 .4 C.93

Post-Saturation Peried

T- 5=-44 150 1.04 120.5 0.87
T- T=-44 1286 0.86 38.6 0.79

' ’.“ 100 1.21 85.8 0080
7-11.“ 85 1 001 5000 0 .83
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Table 3. The influsnse of varying the level of thismine
of the diet on the urinary exeretion and plasma
concentration of aseorbic acid of subjeet J.B.

(Continued)

Estimated Estimated Urinary Plasma
Date Intake Intake Exeretion Concentration
Asocorbie Aeid Thianine Asgorbio Asid Ascorbio Aoid

24-hours
Wgs. Ngs. “Mgs. Mgs. Percent
Initial Period with Thiamins Supplemsntation

T=13=44 160 2.23 67.0 0.89

Telb=idd 80 2.16 28.0 0.90

T=18=~44 160 2.08 682.8 0.84

Saturation Period (500 milligrams of aseorbiec aoid given for four days)

T-17-44 625 1.96 446.9 0.92
7-18-44 875 1.90 702.0 1.18
T=19=44 620 1.97 553.8 1.01

gg =Saturation Period

7=-20-44 96 1.95 189.6 1.00
44 2.4 8t 0.92

-4 2.18 39.3 0.93
T=265-44 150 1.02 66.7 0.93
': " k, 2. ‘ 50.2 0.91
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Table 4. The influenmce of varying the level of thismine
of the diet on the urinary excretion and plasmm
concentration of ascorbie acid of subject A.C.

Estimated Estimated Urinary Plasma

Date Intake Intake Exoretion Congentration

Asoorbiec A0id Thiamine Ascorbic Aeid Ascorbic Acid

24~hours
gs. Wgs. Wge. Ngs. Percent

Initial Period
4-26-44 165 0.84 88.2 0.78
4~-28-44 120 1.36 23.8 0.T4
4-30-44 161 1.48 58.2 0.39
B~ 344 1396 1,04 28.6 0.486

Saturation Period (500 milligrsms of asecorbie asid given for four days)

6~ 5-44 865 1.08 417.3 0.54
5~ &-44 670 1.00 497,85 058
o T=44 682 0,78 702 .4 0.56
S= 8-44 617 0.81 523.2 0.54
Post~Saturation

5~ S-44 28 0.88 152.1 0.56¢
5=10-44 159 0.79 82.4 049
6« ledd 129 0.94 42.1 D49
B- =44 113 0.89 35.4 0.50

www.manar



2=

Table 4+ The influence of wvarying the level of thiamine
of the diet on the urinsry excretion and plasms
consentration of ascorbic acid of subloot A0,

(Continued)

Estimated Estimated Urinary Plasma

Date Intake Intale Excretion Conecentration

Asoorbic Acid Thiamine Asoorbic Acid Ascorbic Aold

24~-hours
Wgs . Wgs. Hgs. Mgs . Percent

Initial Period with Thiamine Supplementation
8=24-44 126 2.06 42,0 0.56
G=-26-44 102 2.09 60.9 0.78
6=-28-44 135 2.156 94 .6 0.87

Saturation Period (500 milligrams of ascorbie acid given for four days)

6=-29-44 592 2.27 347.2 1.06
6-30-44 608 1.8% 328,.8 1.06
T- 1-44 689 1.98 469.3 0.99
T- 2-44 620 1.99 863.4 0.98

Post-Satureation Period

Te 344 112 1,95 148.8 0.9¢4
T- 4-44 109 1.87 38.7 0.90
7= 7=44 163 2.8 30.4 0.87

v 944 169 2.49 32.4 0.88
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Tabdble §. The influence of varying the level of thiamine
of the diet on the urinary exoretion and plesma
aoncentration of ascordic acid of subjeet B.C.

Estimated Estimated Uricary Plagma

Date Intake Intake "~ Exeretion Concentration

Asoordic Acid Thiemine Ascardie Aoid Ascorbie Aoild

24 =-hours
Wge. Ngs. Was. ¥gs. Percent

Initial Peried
6.28.“ “ 0090 23.3 0.38
6=30=44 118 1.21 66.9 0.5%
T= S-44 96 1.%56 56.3 0.84

Saturation Period (500 milligrams of ascorbic acid given for four days)

T= 4-44 685 0.98 328.3 0.87
T- b=44 886 0.86 376.1 0.96

© G=d4 .} ] 0.87 386.6 0.98
T= T~44 896 0.93 449.5 0.51

Post-Saturation Perioed

T~ 8-44 96 0.8 91.8 0.82
7-10-44 89 1.01 75.7 c.72
T-12-44 o8 1.08 89.3 0.76
T-14-44 83 0.97 45.5 0.70
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Table 6. The influsnwe of varying the level of thiamine
of the diet on ths urinary exeretion and plasma
concentration of aseorbie acid of sudject B.C.

(Continued)
Estimated Estimated Urinsry Flaszma

Date Intake Intalke Exceretion Consentration

Ascorbic Acld Thiamine Ascorbic Acid Ascorbic Acid

24-hours
Ngs. Nge. Hgs. Mgs. Percent

Initial Period with Thiamine Supplementation
7-16=-44 180 1.79 41 .4 0.81
T«18~44 95 1.88 48.6 0.89
7‘17"‘ 160 1.69 62.8 0088
T=18=-44 k£ ] 1.76 24.5 0.87

Saturation Period (500 milligrams of aseordie acid given for four days)

T=19-44 8§25 2.20 242.1 1.0
T=20=44 603 2.5 386.4 0.97
T=21~44 595 2.26 4038,9 Q.91

Post=Saturation Period

1‘22‘4‘ 125 2.15 199.8 0087
T=2%=-44 165 1.98 104.7 0.87
T-26-44 179 1,96 8.4 0.85
7‘27‘4‘ 150 2-40 5095 0.85
T=29-44 146 2.26 39.8 C.86
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Table 8. The influense of varying the level of thiamine
of the diet on the urinary exsretion and plasma
conoentration of asgorbic acid of subjeot P.M.

Estimated Estimated Urinery Flasma
Date Intake Intake BExoretion Concentration
Asocorbic Acid Thiamine Asoorbic Aold Ascorbie Acid
24-hours
Ngs . Ygs. Wgs.  Ngs. Percent
Initial Period
10-18-44 76 1.01 32.6 0.73
10-20-44 76 0,96 16.6 0.75
10=-23=44 80 (.88 25.8 076
10=25-44 88 0.97 12.3 GeT6
10=2T7=44 76 1.08 39.1 071
10=30-44 80 1.23% 29.9 0.88

Saturetion Period (500 milligreams of ascorbie acid given for four days)

10-31-44 680 l.26 186.7 0.76
1l- 144 586 1.07 206.8 G.82
1l- 2~44 5786 1.23 328.9 Ce80
11- 3-44 5856 1.13 406.5 c.82

Post-Baturation Period

11~ 4=44 80 1,17 118.7 .81
1l1- 6-44 85 .96 76.8 C.80
1l- 8-44 70 .82 £28.5 C.T8
11=10-44 86 0.85 25.6 0.79
11-13-44 90 0.56 30.9 J.74
11"15‘“ 00 0095 38.3 0.71
11-17=¢4 78 0.91 31.7 C.78
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The 1flusnce of varying the lew of thiamine
of the diet on the urinary exoretion and plasma
ooneentration of ascorble acid of subject P.N.

(Continued)
Estimated Egtimated Urinary Flasma
Date Intake Intake Exeretion Conpentration
Asgorble Acid Thiamine Aseordie Aeid Ascorbie Acid
24-hours
Ngs. Wes. Ngs . Mgs. Feroent
Initial Period with Thiamine Supplemsntation
11=20-44 80 2.15 256.6 0.76
11-22=44 85 2.69 30.6 0.79
11-24-44 88 1.80 42.8 0.79
11-27=-44 90 1.8¢6 18.7 0.82
11-29-44 78 2.25 20.3 0.86
12=- l=44 76 2.03 30.2 0.89

Saturation Period (500 milligrems of assorpvic acid given for four days)

12- 4-44 876 1.97 298.6 0.89
12- 644 580 1.89 348.7 0.92
12~ 6-44 576 2.06 425.3 0.89
le T-44 586 2.18 429.2 0.87
Post-8aturation Period
12~ 8-44 80 2.25 290.9 0.87
12= 9=44 76 2.39 71.6 0.8¢
12-18-44 76 1.98 24.6 0.86
12-15-44 80 2.09 26.8 0.83
12-17=44 85 2.38 30.7 0.83
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Table 7. The influsnce of varying the level of thiamine
of the diet on the urinary excretion and plasm
ooncentration of assorbic acid of subjest K.¥.

Rstimated Estimated Srioary Plasms

Date Intake Intake Exerstion Concentration

Aseordio Acid Thismine Asoorbie Aoid Ascorblio Asid

24~-hours
igs. Hgs. Ngs. Mgs. Percent

Initial Peried
10=-18-44 {1 1.05 18.4 0.5¢
10=20=44 78 0.96 22.3 C.89
10=-28-44 80 1.23 26.6 0.68
10=26-44 85 1.12 31.3 0.7}
10=-27=44 76 0,90 24.7 0.68
10-30-44 80 0.99 29.9 0.68

Saturation Period (500 milligrams of ascorbiec acid given for four days)

10-81-44 580 0.96 205.8 0,78
11- 44 586 1.12 352.9 0.71
11- 2-44 578 1.00 366.8 0.70
1l- 3-44 588 1.03 420.2 0.72

Post=Saturation Peried

1= 5-44 { 0091 72.1 0,63
11- 8-44 70 0.93 38.9 0.62
11-10-44 86 0.98 2b6.4 0.682
11-13-44 80 1.01 39.6 0.68
11. =44 80 0.98 27.3 0.89

l=17-44 76 0.98 29.6 0.66
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The influsnce of varying the level of thiamine
of the diet on the urinary exeretion and plasma
consentration of ascorbic soid of subject K.N.

(Continued)
Estimated Estimated Urinary Flasme
Date Intake Intake Excretion Consentration
Asoorbio Aeid Thiamine Ascorbic Aeid Asoorbic Aeld
24~-hours
Ngs . Mgs . Mgs. Ngs. Percent
Initial Period with Thiamine Supplementation
11-20-44 80 1.88 15.4 0.85
11-22-4 86 2.12 12.8 0.83
|=24~44 86 2.03 18.9 0.89
11-27-44 90 2.14 20.3 0.72
11-29-44 76 2.23 22.5 0.76
12- 1-44 7% 2.41 26.7 0.79

Saturation Period (600 milligrams of ascorbie acid givea for four days)

12= 4-44 6786 1,96 320.8 0,80
12= 5-44 880 1.88 365.6 0.79
12- §-44 678 1.96 388.6 0.77
12= 7=44 586 2.%9 418.5 0.73
Post-Saturstion Peried
12~ 8-44 80 2.8 116.4 0.76
12 944 75 2.42 45.83 0.74
l=1 44 T0 2.09 31.2 0.74
12-13-44 75 2.81 25.6 0.78
12-15-44 80 2.28 26.7 0.7
12=17-44 88 1.98 20.9 0.7
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Table 8. The influsnce of varying the level of thiamine
of the diet on the urinary excretion and plasma
soncentration of asecorbic meid of subjeet G.0.

Estimated Estimated Urinary Flasma
Date Intake Inteke Exoretion Conoentration
Ascorbio Acid Thiamine Asoorbie Acid Ascorbis Aeid
24-hours
Mgs. Ngs. Ngs. lgs. Pereent
Initial Perioed
10-=20-44 75 0.79 24.3 0.46
10-23-44 S0 0.82 18.7 0.42
10-26-44 85 0.38 18.5 0.39
10-27-44 75 1.01 20.6 0.41

Saturation Periecd (500 milligrams of ascorbic acid given for four days)

10-31~44 880 0.90 298.6 C.39
11~ l1=-44 685 1.08 299.7 0.42
11- 3-44 585 1.08 $45.7 0.37

Post-Saturatic Periocd

1l= 4-44 90 0.80 169.% 0.32
11- 5-44 86 0.83 96.8 0.32
1ll- 8-44 70 1.06 36.4 0.33
11-10-44 86 1.16 28.7 0.58
11-13-44 90 1.34 26.7 0.31
11-15-44 80 0.92 25.4 0.33
11-17-44 76 0.98 23.1 0.37
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Table 8. The influence of varying the lewel of thiamine
of the diet on ths urinary exoretion and plasma
sonsentration of ascorbic acid of subject G.0.

(Continued)
Estimated Estimated Urinary Plasma

Date Intake Intake Bxoretion Concentration

Aseordie Acid Thiamine Asoorbie Aeid Asoorbic Aoid

24=-hours
Ngs. Yeo. ligs. Ngs. Tercent

Initial Period with Thiamine Supplementatiom
11-20-44 80 2.28 29.6 0.39
11-22-44 86 2.35 52.8 D.42
11=24-44 86 2,50 26.7 0.42
11=27=44 90 2.94 18,9 0.58
11-28-44 76 2,36 33.5 0.69
12- 1-44 ) £ T 2.08 39,1 0.88

Saturatien Period (500 milligrams of sscorbic acid given for four days)

12- 4-44 576 2.968 326.6 0.96
12- b6-44 680 2.64 380.6 0.97
12- 6-44 575 2.09 426.3 0.99

- T=44 5885 2.25 460,.1 0.97
12~ 3-44 80 2.37 l86.2 0.95
12- 9-44 76 2.41 52.9 0.98

Post-Saturation Peried

12-11-44 70 2.90 3l.4 0.9%
12-13-44 78 2.54 28.3 0.54
!-15=-44 80 2,36 18.7 0.86
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exoretion ocour, in general lower urinary values are observed on lower in-
takes of the vitamin. Average excretion walues over a psriod of time on a
given level of intake will ordinarily show this trend. The relation of the
average caloculated dietary intake of ascorbie acid to the average daily ex-
oretion is shown in Table 10. The values ars arranged ascording to increas-
ing intekes of ascordiec acid. It is apparent that the higher lewvels of intake
resulted in a greater sxcretion of the vitamin, There is no marked varis-
tion in the excretion values for subjeots on comparable levels of intake.

Ther appsars to be little difference in the pattern of exoretion of aseorbie
acid on the two levels of thiamine intake.

The urinary exeretion values obtained in this study are comparable to
values reperted by other investigators for individuals receiving an adequate
¢ b

Barris and coworkers (1938) reported that a daily excretioen of 20 to 30
milligrem of ascorbie acid indicated edequate stores of vitamin € while an
excretion of less than 13 milligrams per day indicated a depletion of vitamin
C. Abbassy et al. (1955) reported that adults receiving a diet adequate
in vitamin C excrete 20 to 40 milligrams per day., Vean Fekelen (1936) states
that daily exoretion of 40 milligrams of ascerbic soid indicates a liberal
intake of the vitamin and a state of tissue saturation in the individual,

Acoording to tht ) stendards, the average excretion values of subjects

Bey, AsCe, and B.C: refleot a lideral intake of ascorbiec acid, while those
of subjeots P.M., K.N., and G.0 indicate a moderate intake snd normal stores
of the vitaain. The exoretion values appear to present am acsurate pieture
of the vitamin C intake sinse the average caloulated intake for subjeots J.B.,

A.C., and B.C. was 125 milligrams or above which would bs considered liberal.
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Teble 10.

The relation of the average oaloulated
assorbio acid intake to the average daily

exorstion of ascorbie asid.

Average Caloulated Average Urimary
2ubjeot Intake of Agcorbdis Exoretion of
Aeid Ascorbie Aoid
Hospital Diet Ngs. Nes.
@.0. 80 24.5
P.M. 80 27.0
K.R. 80 30.0
J.B. 126 456.5
A.C. 140 41.0
B.C. 149 51.0

Hospital Diet Supplemented with 1 Milligram Thismine

K.X.
G.0.
P.M.
A.C.
J.B.

B.C.

80
80
80
138
139

150

24.5
27.6
28,8
§0.0
4.5

80.0
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| ya U _motmwbiea 4 was estimated as the average intake for
ects Pe , Ko, 8nd G,0,, a valus which meets the recommended allowances
suggested by the Rational Research Council.

Therefore, on the bagis of winary exeretion, it would appear that all
of the subjects wore in a satisfactory state of vitemin C nutrition.

The response to the 500 milligranm test doses of agscorbic aeid gives
further evidensce of apparently adequate stores of ascorbic aeid in the
subjeots studied. In Table 11 the winary response of the subjests to

{ wesslve doses of 500 milligrams of aseorbic aeid is recerded. If
sxoretion of 50 perocent of the added aseordis asid within twenty-four hours
is taken as a oriterion of tissus saturation, subjects PJdle and B.C. wers
the only subjects who showed & slight defioit in vitamin O stores. Since
these two subjsots met the requirements for saturation om the second day
of asoorbisc aeid supplementation, there does not appear te hawve been any
signifisant defieit of qwrbi.o asid in the tissues.

Subjeets Ao, Koy, and GoOs sxoretsd more than 50 peroent of the

greater axmounts thereaftar, Apperently there was & lag in the exorstion
of the test dose in the oase of J.B. who exoreted more than the ingested
smount of ascorbic seid following the second test dose in both saturation

pericds. A.C. 2lao showed & lag in exsretion of aseorbio acid en two
separate oceasions,

After the fimml test dose of aseorbic aeid, from two to three days
wers require before the sxeretion level of the subjeets returned to the

pre ous al level, Even after this period, the levels of exsretion
we 1+ slightly higher than those cbserved previous to supplementation with

orystalline ascorbie aoid,
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ble .. Record of the psrcent of ascorbie acid exoreted
in the ‘'ine following fowr deys of supplementa-
tion with 600 milligrams of ascorbie acid.

Hebees Tercast  Torcent  Perowt  Tevoest
Bospital Diet

Be és 108 28 78
A.Co 76 81 103 96
B.C. 54 63 86 78
P.M. 52 54 61 76
K.N. &4 1 66 7
€.0. 56 68 e2 65

Bospital Diet Plus 1 Milligram Thiamine

JeB. 80 104 81 .
ALCo. &6 63 81 107
B.C. 43 72 76 .
P.N. 64 64 77 80
K.X. 60 70 78 60
¢.0. 89 70 79 8s

* Subjects J.B. and B.C. were given saturstion doses for three days
enly,
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us the re onse to the test dosmes of ascorbic acid indicated that the
8 were receiving adequate amounts of ascorbic acid, There was no marked
noe in the urinary excretion of ascorbic acid during the two levels

mine intalse

Plaszs *scorbic Acid Valuss

erage plasma ascorbic soid concentrations for all subjects throughout
ire study are suwmmerized in Taeble 12, In view of the adequate stores
rbie acid predioted by the urinary exoretion values, the levels of
ascorbic acid found appear somswhat low., Average values during the

. period of study ranged from 0.43 milligrems percent to 0,83 milligrams
e FNormal individuals receiving an adequate intaks of ascorbic asid

en observod by others to maintain a plasma sscorbic acid lawel of
ligrame percent or above. According to Creenberg et al. (1938)

; ascorbie ecid levels below 0.7 milligrems percent are suboptimal,
rarging from 0.7 to 0.9 milligrums percent are adeguate, and optimal
are reported to lie above 0.9 milligrams percent. levels below 0.5
‘ams percent have been considered to indicate severe tissue depletion.
ma ascorbic acid values are used as the criteria for evaluating the

1 C status of the present subjects, it would appeer that subjects

W P.,M. have adequate stores of {he vitamin during the initial

of the study. Subjects B.C. and K.N. showed a slight depletion,
jubjects A.C. and G+0e fell within e range considered to indicute severe
tome Wisn ii; is recalled that subjeot A.C. received more than 100

ans of ascorbic acid daily throughout the study and G. 0. received
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Table 12 ™

Average plaszms asooarbic secid levels

8ub jects
Period J.B, B.C. P.M, KN, A.C.
Initial peried 0.83 0.89 0,78 0.67 0,69
Saturation p"i“ 0,54 93 0.82 00"2 0.55
(800 mg. of aseorbies soid
given daily)
Postesaturation periocd 0,88 0.76 0.77 0.85 0.61
Initial peried 0,88 0.81 0.82 0.71 0.72
with thiamine supplemen~
tation
Saturation period 1.04 0.96 0,889 0,77 1,01
(500 mg. of mseorbio acid
given daily)
Post=gaturation period 0.54 .86 0,85 D73 0,85
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an average of § milligrams per day, it must be concluded that the suboptimal
levels of plasms ascorbic acid observed in these twe women cannot be attrib-
uted to low intakes of vitamin C. Furthermore, the response of subjeots
A.C. and G.0. to the high intskes of ascordic scid during the saturation
period was unexpected. Vhereas all other subjects showed a measurable rise
in plasma ascorbic asid during the saturation pesriocd, the plasma levels of
A.C. and G.0. were decreased slightly. In fact, a gradusl deeline in the
plasma ascorbic acid levels had been noted in these subjects throughout the
first period on the hospital diet. The plasma ascordic aocld consentrations
of subjects J.B., B. C., P.l., and K.N. remsined relatively constant pre-
vious to the saturation peried, showed & moderate rise at this time, and
gradually returned to the previous levels following the saturation period.
It would appear, therefore, from the plasma asscorbic acid wvalues, that four
of the subjeats observed in this study followed the usual trend for normal
individuals receiving liberal intakes of ascorbie acid and further supple-
monted with saturation doses of ascordic asid. Two subjects failed to main-
tain high ascorbie acid concentraticns even on intakes above 500 milligrams
per dey.

During the period of inoreased thiamin intake, sudbjects A.C. and G.0.
showed a marked rise in plasms ascorblc asid concentration. In Table 13
an attempt has been mads to show the differences in response of subjects
during per )ds of low and high thiamin ingestion. The average plasma ascorbic
acid leve 1 maintained by sach subject during the saturation pericds on

ol w 't an 1w itake az compared, and the inorease which

ecourred during thiamine supplementation is recorded.
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Table 13. Average plasma ascorbic scid levels
during the saturatiom periods.

Plaszma Ascorbie Aeid Inoreass in
Sub jeot Concentration Plasma Ascorbie
Tospital Tospital Diet Aoid
Diet Plus 1 mg. Thiamine Concentration
B.C. 0.98 0.98 0.03
| ¢8 0.72 0,77 0,05
PM. 0.82 0.89 0.07
JeBe 0.94 1.04 0.10
AL, 0.58 1.01 0.46
G.0. 0.39 0.97 0.58

It is apparent that there was some increase in the plasma ascorbic
acid levels of eash subjeot during the period of thiamine supplementation.
However, the slight increases observed for subjests B.C., K.N., F.M., and
JeBe., could not be interpreted as significant improvemsnts in vitamin C
status. On the other hand, the plasma ascorbiec asid levels of subjests
A.C. and G.0, wors inoreased by 84 and 149 percent respectively when the
thiamine ingestion was high. Thus it would appear that an intake of approxi-
mately 2.256 milligrams of thiamins produced a measurable improvemsnt in
ths levels of plasma aseorbdle acid maintained in these subjects. The conocen-
tration of ascorbiec aoid in the plasms of subjects A.C. and G.0. increased
progressively following the improvement in thiamine intaks, resshing a
maximue during the saturation period and remaining within the normal range
in the subsequent peried.
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Data ooncerning the thismine stores of these subjects would have been
rer worthwhile in the interpretation of these findings.

Limited data obtained during the present study appear to indicate that
| high ¢t mine ingestion may improve the lewvel of plasma ascorbic aeid
wintained by individuals who show low plasma ascorbioc acid levels which do

0t respond to liberal ascorbdic acid ingestion.
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SUGGESTIONS FOR FURTHRR INVESTIGATION OF THE FROBLEM

The observation that two of six college women ingesting diets esti-
meted to provide from 80 to 125 millirrams of ascorbic soid daily showed
lc plasme ascorbic aeid valuss introduses several interssting questions
for further stulye.

First, Lhow froquantly do 1w plasma a3aorbis acid walues exist among
the college student group? If tho prosance 32 low ascorbic acid wmluss
oan be used as an index of vitanin T nutrition, is thars svidsnee that an
appreciable number of atudents show signs of inadsjuats vitamin C stores?

Seocond, the question may be raised that individuals showing low plasma
ascorbic aoid concentration on their sslf-chosen diets might respond o
inoreased ascorbic acid intakes if ingestion were continusd over a longer
period of time than was used in the study just reported. Alszo, sincs the
length of the saturation period followed in this study varied froam thres
to four days, the possibility remeins that the subjects did not have suf-
fielent time to become entirely saturated with asscorbic eeid. A longer
saturation period therefore, would seem advisable in e continued investiga-
tion of this problem,

Third, will additional subjects showing low plasma ascorbie acid valuss
which do not respond to high ascorbie acid intake always respond to thiamine
therapy? While the present study strongly points to thiamine as the facter
influencing the ascorbio acid level of the plasma, it would be preferable
in future work on this problem to study the subjects on diets of csomstant

oamposition and of known thiamine and ascorbic acid content. In the present
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81 , vari # in protei intake as well as in caloris content wezre

&l meds both are factors which are recognized as influencing the total

re¢ lrement of the adult. If additional subjects respond to thiamine
therapy by showing an inorease in suboptimal levels of plaama aseorbic acid
to & value of 0,7 milligrems peroent or above, what level of thiamine mus%
be ingested to produce this effect? In the present study high thismine
intakes ranging from 2 b 2.25 milligrsms per day have been used, These
amounts ars considered unnecessary for women of moderate aoctivity judging
by the values resommended by the Hatiomal Research Council. Estimations

of the aversge thiamine consumption of American families, also, indioate
thet thiamine ingestion is very much lower than this figure. Is & beneficial
effect therefore producible in subjeots receiving less than this smount of
thiszine?

A fourth question which arises, is that oconcernsd with the state of
thiamine nutrition of subjeots showing an interrelationship between thiamine
intake and ascorbio acid levels. An investigation of the thismine stores
of suoh individuals would seem necessary and & oarsful determination of all
signs of thiamine defioiency noted. In addition, very little informatiom
is awvailable at the present time as to the length of response produced by
high thiamine intakes. In the study just reported plasma agcorbic asid
values were not continued for sn extended period of time after thismine
supplementation,

In general continued investigations of this problem involve confirma-
tion of the present findings on several additiomal subjects, and a study

of plasma esoorbic seid values over a wider range of thismine and aseorbis

a8 4 intakes.
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SUMMARY ARD CONCLUSIONS

Six oollege omen considered in good health have been studied during
ssveral experimentsl pericds to determine e possibdle relationship between
the thisnine intake of the diet and the lovel of escorbie acid of the plasma.
During an initial period ranging from seven to fourteen days in lemgth,
three of the subjeote consumed a diet whioh was scalcoulated to contain an
average of 80 milligrems of ascorbic acid per day. Three subjects received
a diet estimqted to contain an average of from 125 to 150 milligraas of
ascorbdie nh; daily. The intake of thiamine during this period was approxi-
mately ons n.ﬁlligru per day. Urinary excretion values for asoorbie asid
fluotuated la-wm with the dietary lewel of ascorbic acid, but in general
the exoretion of ascorbis acid paralleled the intake and indicsted that
all six subjects were receiving sdequate amounts of vitamin C,

A saturstion period of four days followed during which tims the subjeots
recsived 500 milligrams of orystalline assordic aeid in addition teo their
regular diet. Urismary exeretion walues of ascorbic soid fellowing the satur-
ation doses indicated again that the tissues were well saturated with
asocordiec eeid. Plasma wvaluss for ascorbic acid for the six subjecsts wvaried
eonsiderably. At the begimning of the experiment two of the six subjeocts
showed plassa wvalues indicating suboptimal or deficlient stores of vitamin
C. During the saturatioa period and ths high ingestion of vitamin C four
subjects showed an inereass in plasms eacorbic scid values. Following
the saturation period the level of ascorbic acid in the plagma dropped

slightly but remained in the range sonsidered to indicate normal stores
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tan 1 Cs The two subjects whe showed suboptimal levels of ascordis

s bezinning of the study falled to respond to the saturation psrioed

he bleod valuss romained within the suboptimal range.

Upon the sddition of one milligrem of thiamiune te the regular diet

8 observed that all subjects showed a level of ascorbio acid in the

2 nsidered to indioats adequate stores of vitamin C. Seemingly two
cts responded to thiamine therapy in that they showed a rise in

t » soid value not previously observed in spite of high ascorbic aoid
nge The percent of aseorbic acid exoreted by the six sudbjects during
dministration of thiamine was much like that observed during the low. _
ine ingestion.

Ko explanation is given for the observaticn that two of six subjects
0d showed plasma ascortic acid values considered to indicate suboptimal
ge of vitemin C when the diet contained liberal amounts of vitamin

| that these two subjescts responded by an incresse in plasma ascorbis
upon the addition of 1 milligram of thiamine to eompriss a totesl thiaaine
» of approximately 2.25 milligrams daily.

Suggestions have been made as to further plans in ths continuation of

problem.
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Tal ' I. Hospital menus served to subjects
throughout the experiment.
Date Breakfast Lunch Dimner
4-26-44 Stowed prunes Vegetable soup Baked fish
Bread Cheese sandwich Steamsd potatoes
Butter Radishes Stewsd tomatoes
Milk Fruit cup (fresh) Cole slaw
Plain cockies Bread
ik Butter
Fresh pineapple
Milk
4-2T7-44 Rhubard Roast Beef Chop suey {beef)
Bread Gravy Steamed potatoes
Butter Tomato salad Vegotable saled
Nilk Celery Whole orange
Bread ¥ilk
Plain cookies Bread
Milk Butter
Milk
28-44  Grapefruit juioce Omelet Liver
Oatmeal Fresh peas Boiled potato
Bread Bran muffin Green beans
Butter Jem Vegetable saled
1k Butter Jello
i1k Butter
Bread
Milk
4=29=44 Grapefruit Creamed ham Roast beef
::::r Toast Steamed potatoes
Lettusce Qr.'y
Wik Oranges Cauliflower
Milk Rhubarb
delle
Butter
Bread
Milk
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Table I. (Continued)
ate Breakfast Lunech Dimner
=30=44 Grapefruit juloe Clam chowder Roast pork
Cornflakes ILettuce @resn beans
Milk Bread 8toamed potatoes
Pineapple Gravy
Plein cookies Tomate saled
- Milk Rutabaga (raw)
Rolls
Ice creanm
f=1l-44 8liced oranges Cmslet Meatloaf
Cornflakes Mixed vegetable Steamed potatoes
Milk salad Rutabaga
Cornbread Tomato aslad
Maple syrup Butter
Hilk Bread
Pireapple
¥{lk
b-2-44 Stewed prunes Roast beef Vogetable beefl
Rolls Potato salad Stew
Butter Tomatoes (fresh) Jello salad
Milk Gingerbread Oranges
¥ilk Angel cake
Bread
Milk
b=S=44 Grapefruit Vegetable soup Roast beef
Grape nuts flakes Cheese sandwiches Steamed potato
Milk Apriecot preserves Green beans
Milk Nixed vegetable salad
Bisecuits
Butter
ik
Ioe cresm
bod-id 8tewed prunes Devilled eggs Roast beef
Bread Tomatoes Steamed potato
Butter Clam chowder Creamed sarrots
Milk Potato salad Gravy
Rolls Lemon pie
Butter Milk
Milk
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Table I. (Continued)
Date Breakfast Lunch Dinner
5-6-44 Grapefruit Salmon salad Meat loaf
Bread sandwiches Green beans
Milk Creamed asparagus Stesmed potate
soup Mixed vegetable salad
41 Fresh fruit eup Spice ouke
Milk Bresd
Butter
Milk
6=6-44 Orange iloe Vegetablo stew Lamb chops
Rolls ¥ Apple and eelery Baked potato
Butter ¢ salad Cauliflower
Milk t Bisculits Crean sauce
| Milk Fruit oup
! Rice pudding Bread
Butter
| M1k
5=-T=44 Apple sauce Roast beef Roast beef
Bread Tomatoes Potato
Butter Cottage cheese Gravy
Milk Bread Corn
Butter Fruit saled
Milk Milk
Pumpkin pie
S=-8-44 Stewed prunes Creamed vegetable Liver
Bres soup Steanmsd potatoes
Butter Roast beef Creamed onions
Milk sandwiehes Tomatoes (fresh)
Custard Rhubard
Milk Bread
Butter
Mlk
b-0-44 Grapefruit Baked beans Tongue
Bread Onions Stesmed potatoss
Butter Cottage cheese Cabbage
Milk Celery Tomato saues
Nut bread Onions (ereamed)
Butter Bread
Pineapple Butter
Milk Cookles
Milk
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Tadle I (Continued)

Date Breakfast Lunch Dinner
5-10-44 Grapefruit ce Omelet Hamburger bun
Bread (w.w, Cornbread Onions
Butter Karo syrup VYegetabls szoup
Milk Tomato salad Fruit saled
Butter lce cream
Mlk Milk
5-11-44 Grapefruit Mixed vegetable Pork (lean)
Bread salad Potatoes
Butter Corn (escalloped) Gravy
Milk Baeon Paas
Bread Celery
Rhubard ple Crean chesss
Mk Spiece cake
Bread
Butter
Milk
5-12~44 Prunes Pish Vegetable soup
Bread Potato Radishes
Butter Tomato Chesze
Milk Cabbage (raw) Mayonaise
Pineapple Pinsapple orange
Bread Lettuse
Butter Cookie
Milk Bread
Butter
Milk
§-15-44 Stewsd apples Egg Msat loaf
Bread Salmon Potato
Butter Asparagus soup Apple and celery
Milk Pineapple salad
Bread Gravy
Mlk Jelle
Bread
Butter
HMlk
8§=20-44 Oatmeal Neat loaf Roast pork
Toast Potato Potato
Oranges Mixed vegetable Celery and lettuce
Butter salad Tomato
Milk Jello Bread pudding
Butter Hilk
Milk
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Table I. (Continued)

Date Breakfast Luneh Dimmer
6=21-44 Orange juice Fried egg plant Beast pork
Oatneal Green deans Poteato
Bread Tomatoes Carrots
Butter Lettuce Hayonaise
Milk Cottage cheese Lettusce
Cornbread Cauliflower
Frult cup Chesss sauce
Butter Joe cresm
Hilk Butter
Milk
6-22-44 Grapefruit Ham Pork
Bread Tomato sauce Onlons
Butter Lima beans Potato
ik Bran muffin Apples (spiced)
Rhubarb shortoaks Apricots
Cream Bread
Butter Butter
Milk Mlk
6=23-44 Rhubard Pish cake Fish
Oatmeal Cheose sauce Cheese ssuce
Cream Oreen beans Rsealloped potatoes
Bread Tomato Cabbage
Butter Lettuce Lettuce
Cogea Mayonaise Mxyonaise
Chocolats pudding Sploe oake
Bread Whipped cream
Butter Bread
Milk Butter
Milk
8-2 44 Grapefruit Cabbage slaw Liver
Cinnamon yoll Pork Potatoes
Bread Gravy Carrots
Butter Pineapple Lemon pie
Milk Bread Bread
Nilk Butter
¥ilk
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Tadble I. (Continued)
Date Breakfast fanch Dinner
§-26-44 Grapefruit HEam Besf
Bread Lettuce Potatoes
Butter Egg Gravy
Mlk Mayonaise Cauliflower
Oranges Rhmbard gelatin
Bread Lettuce
Buttar pineapple
Milk Ice areanm
Butter
Mlk
6-26-44 Cereal Lettuce Lettuoe
Grapefruit juiee Tomato Cole slaw
Pread Pruit Hamburger
Butter Butter Buns
Milk Milk Cake
Joe cream
Milk
8~27-44 @rapefruit Stewed tomatoes Roast boef
Bread Sorambled eggs Steamed potatoes
Butter Cornbread Cauliflower
Milk Gelatin Mixed vegetable
Peaches salad
Sponge eake Pineapple tapiocca
Butter Butter
Milk Kilk
8-28-44 Grapefruit juiee Fresh fruit salad Haa
Bread Cheese Apple (spiced)
Butter Poanut butter Potate
Milk Jam Poas
Lettuce Gravy
Cinnamon rell Lettuce
Butter Rolls
Chocolate milk Ice orsam
Milk
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Table I. (Continued)
Date Breakfast Lunsh Dinner
G=29-44 Grapefruit Meat FPraakfurters
Bread Lettuce Potatoes
Butter Tomatoes Cabbage
Mlk Cuoumber Lettuoce
Chioken broth Grapefruit
Cookie Gingerbdread
Bread Whipped oream
Butter milk
Milk
8-30-44 Grapefruit Masaroni and cheese Potato
Jelly Carrots Betts
Egg Cabdage Parsley
Bread Fruit eup Cabbege
Butter Tea ring Bgg
Milk Butter Tomato
Milk Mayonaise
Rolls
Cake
Butter
Milk
T=1-44 Sliced oranges Eggplant Steak
Toast Ham Potato
Jam Beet tops Green beans
Butter Cream sause Mixed wegetable
Milk Bread pudding salad
Chooolate sauce Stewsd tomatoes
Toast Cherry ple
Butter Milk
Milk
T=2-44 Orangs Jjulos Meat loaf Beef
Bread Potato chips Gravy
Butter Tomato salad Vegetable salad
Milk Bread Cauliflower
Butter Cresn sauce
Milk Potatoss
Pruit Jjuice
Ginger ale
Ice creanm
Cherry sauce
Butter
Milk
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Table I. (Continued)

Date Breoskfast Lunech Dinner
T=3=44 Orange julee Yegetable soup Pork roast
Bread Cheess sandwich Potatoes
Butter Cherries Fess
Hilk Lettuce Green pepper
Butter Lettuce
Milk Hayonaise
Cranberry relish
Jelly roll
Butter
Milk
T=d-44 Orange Jjuioce Chicken oream sauce Ham sslad sandwich
Bread Biseouit Tomatoes
Butter Lettuce Grapefruit
¥ilk Plums Sliced oranges
Peas Bread
Fut pie Butter
Hilk Xilk
T-6-44 Sliced oranges Bgge Beef
Bread Bacon Potato
Jam Tomato Carrots
Butter Lettuce Tomato
¥Milk Blits Torte Lettuoce
Milk Peaches
Butter
¥ilk
S-44 Orange juioce Beef Spagetti
Bread Gravy Meat balls
Butter Lettuce Cranberry sauce
Milk Fruit Lettuce
French dressing Choocolats pudding
Bread Bread
Butter Butter
Mlk Milk
T=T=44 S8liced oranges Potatoes with Baked fish
Cornflakes Cheess Tartar sauce
Bread S8liced tomatoes Gresn beans
Butter Gingerdread Fruit salad
Milk ¥Whipped cream Rolls
Milk Butter
Mlk
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Teble I. (Continued)
Date Breakfast Lunch Dinner
T=8=44 ! loed oranges Chsese waffles Liver
Grape nuts flakes Syrup Stesmed potatoes
But ter Butter Beets
Bread Fruit saled Apple pie
Milk Rolls Bread
Butter Butter
Milk Milk
T=9=44 Grapefruit Boston baked beans Tongue
Corn flakes Bran suffins Tomato sauoce
Bread Frozen fruit salad Boiled potatcea
Butter Butter Nixed vegetable
Milk Milk salad
Pruns pudding
Bread
Butter
Hilk
T= J=d4 Sliced bdananas Vegetable soup Swiss steak
Corn flskss Hem seled sand- Baked potato
Bread wiches Carrots
Butter Jello salad Gravy
Milk Milk Bread
Tapioca
Milk
T=11=44 Grapefruit juloce Sliced ham Sorambled oggs
Corn flakes Fried potatoes Bread
Bread Banans nut saled Butter
Butter Ioe oream Banana cake
Wlk Bread Mlk
Butter
Milk
T« l=44 Stewed apricots Meat loaf Roast pork
Cream of wheat Tomato salad Baked potatoes
Bread Celery Celery and peas
Butter Broad Apple sauce
Milk Butter Rolls
Cookies Butter
Milk Peaches
Ice creanm
Milk
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Table I. (Continued)
Date Breakfast Lunch Dinner
T=13=-44 8lice oranges Vogetable soup Weliners
Oatmsal Ham sandwich Baked potato
Bread Frogen fruit salad Corm
Butter Rolls Bread
Milk Butter Butter
Milk ¥ilk
T=14-44 Sliced oranges Navy bsan soup Baked fish
Oatmeoal Cheese sandwich Steamed potatoes
Bread Fresh peaches Tomato salad
Butter Milk Bread
Milk Butter
Gingerdread
Apple saucs
Nilk
Te =4t Grapefruit juice Roast beef Bamburger
Oatmeal Potato salad Buns
Bread Raw ocarrots Beets
Milk Rolls Tomato salad
Butter Milk
Custard
Gingerbread
Milk
T7=16=-44 Grapefruit Egg saled sandwieh Roasgt deef
Wheaties Apple ssuoce Steansd potatoes
Bread Plums Peas
Butter Milk Lettuce
Milk Rolls
Butter
Ice crema
Chosolate sauoce
Mlk
T=-17-44 Stewed prunes Sorambled eggs Roast beef
Rolls Tomato salad Gravy
Butter Pruit eup Potatoes
Milk Bread Carrots and peas
Butter Bread
Kilk Butter
Milk
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Table I. (Continued)
D e Breal st Lunch Dinner
18-4 Grapefruit Roast beef sandwioch Roast pork
tmeal Gravy Potatoes
Bread Fruit jelle salad Asparagus
Butter ¥ilk Raw celery and
Milk sarrots
Bread
Butter
Devil's food cake
Milk
1944 Apple sauce Sorambled eggs Beef stew
Bread Tomato salad Nocdles
Butter Cheese bisouits Green beans
Milk Butter Tomate salad
Prune pudding Bread
Milk Butter
Ioce oream
Nilk
T=20=-44 Sliced oranges Fruit salad Liver
Bread Cornbread Paked potato
Butter Butter Beets
Milk Cuaterd Apple sauce
Milk Bread
Butter
Spice cake
Mlk
V=2 -44 Grapefruit Creamsd oggs Baked fish
Bread Toast Potatoes
Butter Stewsd tomato Poas
Mlk Cantelepe Orange salad
Milk Bread
Butter
Plain ceke
Mlk
T=-22-44 Cantelope Beef hash Spanish rice
Bread Buttered carrots Buttered cauliflower
Butter Pickle relish Vegetable salad
Milk Fruit oup Apricot oake
Bread Bread
Butter Butter
¥ilk Milk
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Tadle I. {Continued)
Date Breakfast Lunch Dinnesr
T=28-44 Cantelope Potato salad Roast beef
Bread Raw carrots Apple sauce
Butter Lwmoch meats Potatoes
Milk Apple sauce Peas
Coockies Fruit oup
Nilk ‘ Cookies
Mlk
10=-5-44 Grapefruit Jjuice Bsson Broiled ham
Corn flakes Bggs 8weat potato
Bresd Yegetadble salad Cauliflower
Butter Bread Tomato and lsttuce
Milk Butter Brown betty
Banana tapieca Milk
¥ilk
10-6-44 Presh pears Asparagus on toast Baked fish
Corn flakes Cheese sauce Baked potate
Bread Cole slaw Butter
But ter Flain cake Broescli
Milk Milk Fruit salad
Bread
Butter
Mlk
10-7=44 Grapefruit Pea soup Swiss ateak
Serambled eggzs Peanut butter Boiled potatoss
Bread sandwiches dravy
Butter Jam Canliflower
Marmalade Stewed pears Lettuce
ik Milk Bread
Butter
Stewed plums
Hilk
10-8-44 Grapefruit Spiced ham Roast pork
Cream of wheat sandwiches Swest potatoes
Bread Fresh pears Carrots
Butter Doughnuts Lettuoce
Hilk Milk Bread
Butter
Ice cream
Milk
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Table I. (Continusd)
Date Broakfast Lunech Dinner
10-8=-44 Sliced oranges Cream of pea soup Roast beef
Puf'fed wheat Cottage cheese Steamed potatoes
Bread Apricots Gravy
Butter Bread Sealloped tomatoes
Milk Butter Carrot and raisin
Milk salad
Bread
Butter
Brownied
¥Milk
}=10-44 Grapefruit Baked beans Liver
Cresm of wheat Celery Baked squash
Bread Cabbage Boiled onions
Butter Chocolats pudding Steamed potatoes
Milk Cream Lettuce salad
Bread Bread
Butter Butter
Hilk Plain oake
; Mlk
10-1 44 Grapefruit julce Pork stew with Smoked sausege
Cream of wheat noodles Uresn beans ,
Bread Baked apple Steamed potatoes
Butter Lettuce Cole slaw
Milk Bread Bread
Butter Butter
Milk Bread pudding
Lemon sauce
Milk
10-12-44 Grapefruit juice Chili Stewed chicken
Com flakes Lettuce salad Rioe
Bread Bread Peas
Butter Butter VYegetable salad
Jam Cookies Bread
Milk Milk Butter
Ice cream
Butter seotch sauce
Milk
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{Contimed)

Date Breakfast Luanaoh Dimer
10=13=~44 Freszh pears Bgg outlet Baked salmon
Cream of wheat Fruit salad with Com
Bread cottage cheese Lettuse salad
Butter Bread Lemon ple
Jam Butter Bread
Milk Milk Butter
Milk
10- |-44 Sliced erangos Yeiner sandwich Meat loal
Corn flskes Potato salad Mashed potatoes
Bread Froesh pears Creamed celery
Butter M1k Orange salad
ik Bread
Butter
Rice pudding
Mk
10n15-44 Stewsd plums Meat loaf Roast lamb
Croam of wheat Potato salad Creamed potatoes
Bread Plums Peas
Butter Broad Lettuce salad
Jelly Butter Bread
Milk Milk Butter
Ice Cream
Milk
10=16-44 Stewed plums Creamed eggs Stuffed besf heart
Cream of wheat Toast Egg plant
Bread Appls sauos Lettuoce salad
Butter Bread Sliced oranges
Jan Butter Flain oake
Milx Mk leson sauce
Milk
10-27-44 Orapefruit juiece Mixed vegetable Baked ham
Serambled egg salad Sweet potatoes
Bresd Bake potato Green
Butber Plain cockies Celery
Jam Bread Cabbage
Milk Butter Bread
¥ilk Butter
Cranberry tarts
Milk
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Teble I, (Continued)
Dats Brealkfast Lumch Dinner
10-18-44 Grapefruit juice Tomato soup Tongue
Puffed wheat Bren muffins Raisin sauce
Bread Boiled egg Steamed potatoes
Butter Macaroni salad Baked squash
Milk Grapes Cole slaw
Milk Bread
Butter
Ice cresm
Milk
}=19-44 Orange juice Cheese souffle Chicken pie
Cream of wheat Lettuce salad Egg plant
Bread Fruit oup Waldorf salad
Butter Muff ins Browniea
Milk Milk Milkc
}20=44 Sliced oranges Bean lcaf Baked fish
Poached egg Celery Dressing
Bread Cabbage Steamed potatoes
Butter Apple orisp Stewed tomatoes
Milk Milk Orange salad
Chocolate ocake
Millk
10-21-44 Grapefruit Bean soup Beef stesk
Corn flakes Crackers Steaned potetoes
Bread Pruit salaed Cabbage
Butter Chooolate coockies Gravy
Milk Milk Lettuce
Bread
Butter
Grapes
Mi
10=22=44 Stewad prunes Cheese sandwich Baked ham
Oatmeal Tomato juice Sweet potatoes
Bread Celery Spima
Butter Carrots Apple salad
Milk Rice pudding Bread
Milk Butter
Ioe oream
Milk
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Table I. {(Continued)
Da Breakfagt Lunch Dinner
10=23=~44 Stewed prunes Tomato Jjuice Liver
Corn f{lekss Minced ham Onions
Bread sandwiches Gravy
Butter Cerrot end Steamsd potatoes
Milk raisin salad Lima beans end cora
Butterscotch Cole slaw
pudding Bread
Milk Butter
ik
10=24~44  Stewed prunes Bean soup Roast veal
Puffed wheat Meoaroni salad Baked potato
Broad Colery Steamed rutabaga
Butter Carrots Mixed vegetable salad
Nilk Bread Bread
Butter Butter
Milk Baked apple
Milk
10=-25~44 Sliced oranges Macaroni and Stewed chicken
Corn flakes cheese Egg vlant
Bread Grapefruit salad Creamed cheese and
Butter Milk prune selad
Bread
Butter
Milk
10-28=44 Grapefruit Kidney bean and Beef stew
Cream of wheat egg salad Potatoes
Bread Raw carrots Carrots
Butter Bread Stewed tomato
Milk Butter Bread
Apple dumpling Butter
M1k Canned peaches
Milk
10~27-44 Grapefruit Creameod epgs Fish oalkes
Bread Toast Stesmed potatoes
Butter Beots salad Cabbege
Mo Bread Lettuce salad
Butter Bread
Milk Butter
Ise cream
Milk
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Table I. (Continued)
Date Breakfast Laneh Dimmer
10-28-44 Grapefruit Hamburger Roast beef
Corn flakes Bun Gravy
Bread Raw omion Steamed potatoes
Butter Sliced tomato Brussel sprouts
Milk Apple Bread
Mik Butter
Peagh tapioca
Mile
10-29-44 Sliced oranges Potato salad Roast lamb
Oatmeal Boiled egg Boiled potatoes
Bread Butter Creamed onions
Butter Bread Grapefruit salad
Eilk Cranberry whip Ioe cream
Milk Hilk
10-30~44 Grapefruit juice Hash Pork chops
Sliced bananas Dumpling Baked potatoes
Corn flakes Red oabbage Stewed tomato
Bread salad Banana and peanut
Butter Chocolate pudding butter salad
Milk Cream Cranberry salad
- Milk Bread
Butter
Milk
10-31-44 Sliced oranges Bacon Smoked seausage
Puffed wheat Baked squash Baked potato
Bread Banane and Soalloped apples
Butter orange salad Carrot and reaisin
Milk Bread salad
Butter Bread
Ginger cookies Butter
Mk Punpkin pie
Whipped oream
Milk
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Table I. (Continued)
Date Breakfast Lunch Dinner
11-1-44 Sliced oranges Mushroom soup Meat pie
Corn flakes Bran muffin Parsnips
Bread Butter Pear salad
Butter Raw carrots Jelle
Milk Celery Milk
Radishes
Baked pear
Milk
11-2-44 Sliced oranges Boston baked beans Roast beef
Corn flakes Red cabbage salad Potatoes
Bread Brown bread Green beans
Butter Butter Lettuce
Milk Grapes Bread
Butter
Milk
11-3-44 Steamed prunes Oyster stew Baked fish
Corn flakes Fruit salsd Creamed potatoes
Bread Bisouits Peas
Butter Bromnies Crean cheess
Milk Milk Celery
Radishes
lIce cream
Milk
1l1~-4-44 Stewed prunes Yegetable soup Liver
Bread Lunch meat Sweet potatoes
Butter Fresh tomato salad Secealloped apples
Milk Seslloped apples Grapefruit and apple
Breoad salad
Butter Bread
Milk Butter
Ice cream
Milk
11-5-44 Grapefruit Fish chowder Stewed chicken
Corn flakes Nut bread Potatoss
Bread Carrots Brussel sprouts
Butter Celery Raw oarrots
Milk Fruit cup Colery and radishes
Milk Cottage chsese

Ice creanm
Milk
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Table I. (Continued)
Date Breakfast Lunch Dinner
11=-6-44 Grapefruit Barley soup Breaded pork shop
Corn flekes Heash Steamed potatoes
Bread Beets Creamed celery
Butter Banana salad Pear and cottage
Milk Bread cheese salad
Butter Bread pudding
Vanilla pudding Hilk
Milk
11=7-44 Grapefruit Omelet Stuffed veal
Corn flakes Peas, corn and Potatoes
Bread celery Beots
Butter Orange salad Tomato salad
Milk Milk Apple
Milk
11-8-44 Oreange Juice Yegetable beef steow Fried chicken
Grape nuts flakes Pear salad Gravy
Bread Rolls Red cabbage
Butter Butter Peas
Milk Jelly roll Csuliflower
Milk Bisouit
Apple
Nilk
11-9-44 Sliced oranges Oyeter stew Baked ham
Puffed wheat Coffee oake Sweet potatoss
Bread Orange and grape Lima besns
Butter salad Pruneg and cottage
Milk Milk cheese salad
Coffee oske
Butter
Milk
11-10-44 Grapefruit Cheese sandwich Baked fish
Puffed wheat Cole slaw Potato cakes
Bread Baked apple Green beans
Butter Milk Lettuce sgalad
Milk Bread
Butter
Ice cream
Milk
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Table I. (Continued)
Date Breakfast Lunch Dimner
11-11-44 Grapefruit Beef stew Hemburger
Grape nuts flakes Dumpling Bun
Bread Cottege cheese Raw carrots
Butter salad Celery
Milk Grapes Graham crackers
¥ilk Chocolate aauce
Hilk
11-12-44 Apriocots Baked beans Fruit juice
Grape nuts flakes Raw ocarrote Baked hawm
Bread Celery Steansd potatoes
Butter Bread Cranberry salad
Milk Butter Bread
Cranberry whip Butter
Milk Milk
11- =44 Grapefruit juice Beef snd potato Liver
Corn flakes cake Steamed potatoes
Bread Carrots Parsnips
Butter Lettuce salad Gravy
Milk Rolls Pear salad
Butter Bread
¥ilk Butter
Brownies
Milk
11-14-44 Orange Jjuics Spagetti Roast beef
Corn flakes Cranberry saled Mashed potatoes
Bread Boston cream pie Green beans
Butter Milk Carrots
Milk Lettuce salad
Bread
Butter
Baked pears
NMilk
11-15-44 Grapefruit juice Cresmed eggzs smoked sausage

Grape nuts flakes
Bread

Butter

Milk

Toast

Cole slaw
Oatmeal cookies
Milk

Steamsd potatoss
Peas

Bread

Butter
Cranberries

Milk

www.mana



77w

Table I. (Continued)
Date Bresakfast Lunch Dinner
11-16-=44 Tangerine Vegetable soup Stuffed hearts
Oatmsal Apricot and cabbage Beets
Broad Cheese szalad Lettuce salad
Butter Biscuits Radishes
Milk Butter Bread
Gingerbread Butter
Milk Chocolate ple
Milk
11- '=44 Orange Juice Tuna fish and Baked fish
Bread egg salad Corn
Butter Tomatoes Stewed tomatoes
Milk Bread Lettuce salad
Butter Biscuits
Cranberry wupside Butter
down cske Ice crean
Milk ¥Milk
11-18=44 Grapefruit juice Heat loaf Bamburger
Puffed wheat Creamed carrots French fried potatoes
Bread and celery Romaine
Butter Potatoes Bread
Milk Beet salad Butter
Bread Ioe crean
Butter Milk
Chocolate pudding
Mlk
11-19-44 Grapefruit Spagetti Roast lamb
Grape nuts flakes Tomato sauce Gravy
Bread Bread Maghed potatoes
Butter Butter Brosocolli
Jam Pear salad Cranberry and orange
Milk Gingerbread salad
Milk Bread
Butter
Ice Cream
Mlk
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Table I. (Continued)
Date Breakfast Lunoh Dinner
1 20-4 Sliced oranges Land stew Roast wveal
Corn flakes Potatoes Baked potato
Bread Carrots Baked squash
Butter Cranberry sauce Lettuce salad
Milk Bread Bread
Butter Butter
Brownies Apple erisp
Milk Milk
11-21-44  Grapefruit Bacon Lamb
Oatmsal Escalloped corn Noodles and gravy
Bread Carrot and raisin Brocoolil
Butter salad Apple and cranberry
Milk Lettuoce salad
Bread Bread
Butter Butter
Spice cake Cherry pie
Milk Hilk
11-22-44 8liced oranges Omslet Smoked sausage
Oatmeal Corn, green beans Potato cske
Bread and peas Beets
Butter Lettuce salad Peaches with cottage
Mlk Bread ehsese salad
Butter Bread
Apple dumpling Butter
¥ilk Jolly roll
Milk
1-23=44 Grapefruit Juice Turkey sandwich Roast turkey
Sausage Lettuce salad Dreseing
Pancakes Apple Cranberry sauce
Butter Milk Gravy
Maple syrup Sweet potato
¥ilk Mashed white potato
Green beans
Lettuce salad

Raw carrot, radishes
and olives

Rolls

Butter

Mincemeat ple

Milk
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Table I. (Continued)
Date Breskfast Lunch Dinner
1l=24-44 Grapefruit Cream of tomato Baked fish
Grape nuts flekes soup Peas and corm
Bread Crackers Sweet potato
Butter Orange salad Apple and celery
Milk Apple orisp salad
Milk Rolls
Butter
Minocemeat pit
Milk
11-25=44 Grepefruit Weiner sandwioch Roast turkey
Cream of wheat Raw carrots Dressing
Bread Celery and radishes Gravy
Butter Plain cookies Creamed potatoes
Jam Milk Cranberry sauce
Milk Lettuce szalad
Rolls
Butter
Ostmeal ocookies
Milk
11-28-44 Orange Juioce Scrambled egga Swiss steak
Corn flakes Bread Baked potatoes
Bread Butter Brocooli
Butter Jam Lettuce salad
Hilk Milk Bread
Butter
Jos Cream
Milk
11-27-44 Sliced oranges Roast lamd Port cutlet
Bran flakes sandwich Sweet potatoes
Bread Gravy Cranberries
Butter Steamed potato Bread
Milk Carrot and Butter
raisin saled Brownies
Bread Milk
Butter
Hilk
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I. {(Continued)

Date Breakfast Lunsh Dinner
11-28«44 Sliced oranges Spanizh rice Roast beef
Cream of wheat Orange and Gravy
Bread oranbsrry salad Stesmed potato
Butter Bread pudding Baked squash
Jam with oresm Cabbage and apple
Milk Milk salad
Bread
Butter
Mincemeat pie
Milk
11-29-44 Grapefruit Vegotable soup Baked ham
Bran flakes Cottage cheese Sweet potatoes
Bread salad Cabbage
Butter Coffee cake Fruit selad
Mlk Butter Rolls
Pears Butter
Milk 8pice cake
Milk
=30-44 Sliced oranges Beef stew Tongue
Cream of wheat Dumplings Raisin sauce
Bread Lettuce salad Carrots
Butter Doughnuts Cresmed onion
Milk Milk Steamed potatoes
Colery
Bread
Butter
Butterscotch pudding
Nilk
12-1-44 Sliced oranges Omsl et Baked fish
Bread Lettuce salad Baked potato
Butter Cranberry sauce Brussel sprouts
¥Milk Bread Lettuoe
Butter Cottage cheese
Vanille pudding Broead
Milk Butter
Ice oream
Milk
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tble I. (Coni 1ued)
Date Breskfast Lunech Dinner
lw2edd Grapefrult Tomato soup Meat pie (beef)
Crean of wheat Hamburger Stewed tomatoes
Bread Bun Lettuce salad
Butter Raw carrot Cranberry sauce
Milk Celery Milk
Peanut butter
cookies
Milk
12-3-44 Grapefruit Sorambled eggs Lamb chops
Corn flakes Raw carrots Stesmed potato
Bread celery Peas
Butter Radishes Apple, celery and
Milk Fut bread nut selad
Butter Bread
Jello Butter
Milk Ice oream
¥Milk
12-4~-44 Grapefruit juice Tomato soup Roast beef
Bran flakes Ham and egg omelet Potato cake
Bread Peas and corn Carrots
Butter Pear salad Lettuce
Milk Bread Bread
Butter Butter
Plain ocake Lemon pie
Milk Hilk
12-5-44 Grapefruit Bacon Liver
Bran flakes Soalloped corn Onions
Bread Apple and celery Steamed potatoes
Butter salad VWax bsans
Milk Rolls Cole slaw
Butter Bolls
8liced bansnas Butter
Hilk Chocolate cake
Milk
12-6-44 Orange julce Bpagetti Pork cutlet
Bran flakes Tomato sauce Potato
Bread Lettuce salad Cabbage
Butter Bread Lettuce salad
¥ilk Butter Bread
Milk Butter
Cranberry shortoakse
Hlk
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) To (Conbinued)

Ds Broakfast Lamoh Dimner
12-~7-44 Grapefruit juice Chili Roast besf
Bran flakes Crackers Steamed potatoes
Bread Carrots Asparagus
Butter Celery Crenberry gelatin
Milk Radishes salad
Bread Bread
Butter Butter
Milk Baked pears
Milk
12=8=44 Sliced orsuges Tuna fish and egg Pried oysters
Bran {* ‘ces salad Beked potatoes
Broad Fruit Stewed tomatoes
Butter Rolls Lettuce salad
Milk Butter Bread
Butterscotoh Butter
squares Mtk
Hilk
A Tangsrines Roast beef Tongue
Carn {lakes Steamed potatoes Raisin saude
Bread Orange salad Carrota
Butter Bread Celery
Milke Butter Cabbage
Baked Apple Bread
Ml Butter
Spice pake
Mk
12-10-44 Tangerines Peamut butter Swiss steak
Bran flakes sandwich lMashed potatoos
Bre: Jan Cauliflower
Butter Apple (Orange and grepefruit
Milk Milk salad
Brasd
Butter
Ico oreem
ik
12-11-44 8 Meat pie (beef Smoked saus
Cornflaies  lathube silad ) Beka potate
Bread Flain cockies Cauliflower greens
Butter M1k Fruit salad
Hilk Bread
Butter

Bana) oveam ple
Milk
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Table I. (Gmbinued)
Date Breakfast Lunch Dimmer
T 12-44 Grapefruit Hamburger Roast beef
Corn flakes Bun Baksd potato
Bread Onion Brussel sprout
Butter Tomato salad Gravy
Milk Apple Orange salad
Milk Bread
Butter
Tapioos
Milk
12-1 b Orange Juice Boiled egcs Rosst larmd
Ontmeal Potato salad Steamed potatoes
Broad Bread Creamed onions
Butter Butter Lettuce salad
M o Milk Breed
Butter
Ico eroam
Milk
I 14-44 Orange Jjulce Lamb staw Pork chop
Corn flakes Dumplings Faked potate
Bre Cole slaw Gravy
Butter Chooolate pudding Stowsd tomato
J Milk Iettuce sa] |
Bread
Buttar
Cranberry whip
Milk
12-16~44 Slice oranges Sausage Smoked sausage
Puffed 1 H Baked squash Sealloped potatces
Bre: Lettuce salad Carrot and raisin
Butter Bread salad
¥ Xk Butter Bread
¥ilk Butter
Pumpkin pies
Ml
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