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DAILY TDIAIIUffi EXCREflOBS AM) THEIR 
llEIATIOIISDIP TO ORmnMm EXCRETION IN 

FOUR ABVhfB  OK CGlXROl^m DIETS 

IHTRODUCTIOK 

This study of urinary thiamine and oreatinino excretions of 

four adult Tsomen on oontrolled diet formed a part of a larger study 

made in the Nutrition Research Laboratory, Sohool of Home Economios, 

Oregon State College, The purpose of the whole investigation was 

to study the effect of two different levels of thieanine Intake on 

the nutritional status of four apparently normal adult women on 

constant diet* The nutritional status ?ms evaluated by the follow- 

ing daily determinationst    concentration of thiamine in whole blood, 

serum total and free riboflavin, blood hematoorit, and total daily 

urinary excretion of ribof lavin, thiaxalne and croatinine. 

The determination of daily urinary thicunino excretion is used 

in many laboratories in assessing the thiamine nutrition of man 

since the picture it gives is fairly reliable* It has been noticed, 

however, that the excreted amount of thiamine varies between differ- 

ent individuals on similar intakes* Also, in a given individual, 

there may be marked variation in thiamine excretions from time to 

time* Some causes for these variations have been detected by 

several investigators, but more experimental work is needed to find 

the complete explanation for them* 

To determine the total dally excretion of thiamine, a S^-hour 

urine collection of the subject is needed* Since this is a tine 
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coneuming procedure, it would b@ desirable to find some shorter way 

to ostiinate tho value of tho total daily thiamine ozorotion. Adomson 

and co-xrorkore (1, p,25) indicated that tho excretion of thiamine is 

related to tho excretion of creatlnino, that It may he calculated in 

nog. per gta. of croatinine, and that this ratio is fairly constant 

from voiding to voiding in a given individual, fhis would mean that 

to assess the thiamine nutrition of an individual, only on© voiding 

of urine would need to he collected and analysed for thiamine and 

eroatlnine. She amount of thiamine in meg. per ga. of oreatinine 

in this voiding would then indicate the thiamine nutrition of the 

individual* So further information concerning this method of 

thiamine estimation is given in the literature* 

She purpose of this study was to add more data to previous 

studies on daily thiamine excretions of subjects on controlled 

intake and to study individual variations In the relationship of 

thiamine excretions to oreatinine excretions of these subjects on 

the controlled diet* In addition a very brief study was conducted 

to assess the validity of estimating the total daily thiamine 

excretion by the thiamine per gm. of oreatinine ratio in single 

voidlngs* 



REfflig OF tI1?EMfqRE 

mfmrn OP ASSESSING vm imwL OF tBumm XH vBtsin&a 

fh& difference between radiant health and the prosonce of 

symptoms of real thiomin© deficienoy can be easily detected. During 

the state of suboptimal health when no clinioal oridonoe of thiamine 

deficiency is seen, objective tests to determine the level of thioraino 

nutrition are needed* The measurements of the thiamine content of 

the tissues, feees, blood, and urine by biochemical tests have all 

been used* 

Carleen, et al* (6, pp.l+7~49) introduced a raethod for measuring 

the thiamine content of tissues, but it has not been widely used* 

Concerning the thiamine content of feoes, Cowgill (10, pp,805-812) 

stated that the thiaMne in feoes, except during diarrhea, is found 

In the bodies of the bacteria present in the intestine and does not 

originate from the ingested food* Since thiamine is water soluble, 

it will be absorbed from the food and the excess excreted in urine* 

tthen assaying both urine sad feoes in a balance study with children 

in 1956, Ihott (3U» pp.597-611) found that the thiamine content of 

feoes did not increase proportionately to increases in dietary 

thiaiaino intake* As these and several other studies indicate, the 

thiamine content of feoes does not have any direct relationship to 

the thiamine nutrition of the individual and, hence, cannot be used 

in assessing the thiamine level. 

fhe thiamine content of blood, however, is found to vary tritb 



the intake of thiamine. Chemical aethods have been ueed to determine 

th© thiamine level of the blood and a microbiological test has been 

proposed (20, pp.372-36l)» fhe fact that comparatively large amounts 

of blood are needed for these nethods, however, makes their frequent 

use difficult. A mieromethod for determining thlamlne in blood had 

been reported by Buroh, but so far tio method has been published. 

Curing 'Siiaraine deficiency, an Qxeess of pyruvate and other 

metabolites is aocuaulated in the tissues. Lu (55» pp.2i4.9",25l*) 

proposed a method to determine the blood pyrumte concentration as 

an indication of thiamine nutrition. However, the blood pyrumte 

concentration was found to vary also for reasons other than thiamine 

intake. Urlno also may be analysed for pyruvio acid. A disadvantage 

of this proca&as'o, as well GO for the sisasureinent of blood pyruvate, 

is that in mild oases of deficiency little pyruvio acid can be 

detected. 

METHODS OF BBTEBffiHMG THTAKJIISE mOTIHOtf St SBIIMY TSSfS 

fhe excretion of thiamine in urine is the most widely used 

indication of thiamine nutrition of the individual. The presence 

of thiamine in human urine was first demonstrated by Muckenfuse in 

1918 (UZt  p.595), end this finding was subsequently confirmed by 

van der Walle in 1922. Investigations of the factors Influencing 

the urinary excretion of thiamine were necessary before significance 

could be attached to the values obtained. Melniok and Field (40, 

pp.97-107) reported In 1939 that thiamine in urine is in the free 
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form vjhioh makes the quantitative chemical measurement fairly simple* 

The excretion of thiamine of a given individual has been found in 

many laboratories to be roughly proportional to the intake of the 

vitamin under normal conditions. (2k»  pp.886-891*, 63, pp.633-6it2, 

30, pp.^e^ail* 39, pp.l39"'15l) Many different -raays of measuring 

thiamine nutrition by ncoas of urinary analysis have been suggested 

and used in different laboratories. 

One-Hour Fasting Sample 

the amount of thiamine in a one-hour fasting specimen has been 

considered by a number of investigators as an indication of thiamine 

nutrition. The critical level in a deficiency ease was stated to 

be aero by Holt and la^jar in 19lt2 (29, pp.329,~330)* By Johnson it 

-cms said to be .6 mog. (31, p. 128), and by Papageorge and Lewis 

(J48, p.301} t k nog. . Iheso Investigators do not agree whether or not 

the fasting-hour test gives any reliable indication of the tSiiamine 

nutrition of the subject. 

Four-Hour Load Tests 

Shore is even more disagreement in regard to the interpretation 

of load tests. It is agreed that in people on controlled intakes, 

the excretion following the administration of a thiamine test dose 

decreases as the general intake level of thiamine is reduced. 

According to Melttiok,s findings (1»2, pp.593»6lO>, in 1939, most of 

a parenteral test dose of thiamine is recovered in the urine during 

the first k hours after the administration. Hajjar and Holt (31» ?• 



128) have found that the thiamlne excretion after the intravenous 

administration of 1 mg. of the vitamin drops to less than 50 snog* 

in k Hours when symptoms of deficiency are apparent<> Williams and 

l&soa (60, pp.71-97), making the same type of a study in 19l*3» stated 

that an excretion of less than 100 mogo of a 1 mg. test dose indicates 

deficiency. Johnson (51, P»128) used an oral test dose of 5 J^S* &&& 

concluded that a l^-hour output of less than SO meg. was subnormal, 

doldsmith and Sarott found that 7 persons on normal diets excreted 

about 150 meg. in k hours after the same oral test dose. Oldham, 

Davis and Roberts (1+7, p.163) concluded that load test excretions 

gave a better idea of tissue stores than did the output of one-hour 

fasting or even 2l|-hour urine collections. Bobinson, Melniok and 

Field (50, p.399) end Voxig and Harris (57, p.1556) also suggested 

the detection of thiaaine deficiency by means of oral and parenteral 

test doses. In 1939, Zelnick, Field and Robinson (1*2, pp.593-610) 

stated that variations in test dose recovery values of different 

individuals are not related to differences in urine volume, in 

metabolic rate, or vitamin to calorie^ or thia&lne to non-fat calorie 

ratio in the diet. "The response of the subject to the oral test 

dose of extra thiamine is governed by the nutritional status of the 

individual and is independent of the adequacy of the diet consumsd 

at the time of the test,w (k2t p.608). The percentage of the avail- 

able vitamin which is excreted is a function of how great an excess 

is present. Helniok and Field (41, pp. 131-138) in 19l|2 studied the 

of foots of an intraausoular test dose the amount of which depended 



on the surfaoe area of the subjects body, being 35° saeg, per square 

meter of the body area, k 4-hour oollection was taken after the 

administration of thiamine, fhoy suggested that 6% or less of the 

test dose excreted indicated deficiency, $)% being a safety borderline. 

fhey also considered that the subjects vjhioh excreted less than f% 

of a 5 rag* oral test dose in k hours were deficient. In the same 

study, U-hour fasting urinary determinations were done, the fasting 

starting 12 hours after the last meal. It was concluded that 10 meg. 

or less of thiamino in a 4-hour fasting Specimen of urine indicates 

deficiency, the minimal normal level should be 15 nog. 

Expression in Senas of Percentage 

Some investigators state the amount of excreted thiaaine in 

teras of percentage of the intake. Jolliffe end othexs (30, pp.198- 

211) in 1939 showed that their subjects excreted thiamine in the 

rang© of 7-25^ &$ intake during the entire study. Changes in intake 

caused corresponding changes in output. During the high thiamine 

period, the subjects excreted 13-25$ of the intake. During the 

following deficiency period, the excretion dropped to 7*23^ of the 

intake. After the depletion period, a recovery period followed, 

and the excretion during that time was 11*7-21^ of the intake. In 

191)2, Helniek (39, pp.139*151) Studied a group of adult men and 

women on controlled thiamine intakes. The men were given 1 mg. of 

thiamine daily, and they excreted a mom of 200 meg. a day. The 

women on a 700 meg. intake excreted 90 meg. daily. On this level 

the reeponse of both men and women to the test dose was 15^. It 
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stay be assumed that adequate storage had been obtained on both intake 

levels, ©ifft and Hauok (18, pp.635-614.5), in I9i*6, had their subjects 

in ike  stage of saturation before starting the esporiiaent. fhe 

experimental diet contained 600 meg. thianino per 1000 calories, 

fhe excretion of thiamine was «ML'7$ of the intake. A 5 mg. oral test 

dose wa© given to the subjects* and the response to it in a 2ij.-hour 

collection was 15-22% of the dose, fhe response of the subjects 

to a 1 sag. intramuscular test dose was 15-2U.% at the beginning of 

the study and 8-2l?S at the ©nd of it. la 1^2, Melaick and Field 

(1*1, pp. 151-138) observed that 23 normal adults ivith good stores of 

thiamine excreted 7-30$ of a test dose, and 1I4. normal adults isitti 

poor stores excreted l-TJ? of the same test dose. Six other adults 

studied by lelnick (39, pp.139-151) excreted 13-20.8^ of a test dose 

of 10 rag* daily given for one week. 

Twontyfour-Hour Urine Collections 

She most oomonly used Method to determine the thiamine nutri- 

tion of a person is the determination of thlanine excretion in a 

2U-hour urine collection. Melniok, Field and Robinson {l&i pp.593" 

610), in 1939* stated that the volume of urine in 2k hours appeared 

to be an insignificant factor governing the urinary output of thia- 

mine. Daum, et al. (15, p.lOi+9), in 19i4B, had a group of young 

i7omen on k different levels of thiamine intake. The subjects 

receiving lijO meg. thiamine daily excreted about 20 meg. They devel- 

oped deficiency symptoms. Another group received 200 meg. thiamine 

daily. Their excretion diminished progressively for 19 weeks. On 



625 ftog* daily thiomine intake level, tho excreted amount diminished 

for 3 months, then there pas a slight iaeroas© during the next two 

months, Th© thisMn© ©xcretibn of subjects ingssting 13b0 meg. a day 

increased noticeably. The  group on the loweet lovol was later 

transferred to th© highest intake, but their thiasdne excretion Sid 

not increase until the third month of the diet. In 191(2, Mason and 

miliams (36, pp.21+7-255) had 15 female subjects on controlled diets, 

Their lowest thiasino intake level was 150 isog, daily, The output 

on that level was 11-36 iadg. In their report, they stated that if 

tho intake of thiamlno was 1000 meg. and th© output 100+10 meg. and 

th© reoovory after a 1 Eg. test dos© 20+2^, th© nutrition tdth 

roepeot to tfciaaine was sufficient for minimal needs. They also 

indicated that 400 mog. per 1000 calories vms ^vo minimal daily 

requirement for th© 5 adult viomon in their oxporiaent. The thiaaine 

excretion levels of individuals on varied intake levels tsas also 

studied by Mokelsen and co-^sorkers (IjU, pp.254-258) in 1946. Before 

starting the study the subjects were given thiamine supplements to 

reach the saturation level. On a 1 sag. level of daily intake, the 

output was 32-91 aog, and on a 2 rag. level of Intake, it was 86- 

310 iacg. daily. Ho apparent explanation was found for the rela- 

tionship between the individual and his level of thiaxain© excretion. 

There mis no correlation between the body weight and the amount of 

thieaaine excreted, nor did the fecal excretion or physical activity 

seem to influence the thiamine output of the individual. 

As already indicated in the study of liason and Williams, a test 
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dose Is often given to the subjects after they have been on constant 

thianine intake over a certain period of time, Tho Sk-haur  recovery 

after the test dose is used as an indication of thiamine nutrition 

of the person. 

immTis OP mm& SBXASBBB mms 

As early as 1920 it was realiaed that thiamin© was a necessary 

factor in normal nutrition. The search for facts about human 

requirements had begun, although the pure vitamin had not yet been 

isolated. The first attempt to express the thiamine requirement in 

the fona of a mathematical formula was made by Cowgill in 193U (9» 

pp.73"*7Q)» J* tuae based on calorie intake and body weight. His 

formula wnss 

E (constant) x wt. in pounds x calorie intake, 

with the E value for man as developed after isolation of pure thia- 

mine being .00215 (lU» p»10t|.). This formula does not provide any 

safety factor. Applied to a 150 lb. man who consumes 21*00 calories 

daily, it calls for 76? meg. thiamine daily. After that several 

investigators studied the daily thiamine requirements of human 

subjects with variable results. In 1938, Harris (23, pp.67-69) 

recommended thiamine intakes of 300-600 I.U. daily ishioh equals 

approxiraately 0.9-1.8 jag. According to Wilbur's estimation in 1939 

(59# PP«2U6-253) the daily thiamine requirement of man was about 

500 I.U. which equals 1.5 mg. He also stated that the requirement 

varies with body weight and total metabolism, the next year 
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Williams and oo-tsorkors (6lt pp.785*799) reported that 950 mogo of 

thiamincs daily prevented deficiency symptoas, but 2 rag. resulted la 

the best porformanee as measured in toras of physical work done by 

noriaal women. In contradiction. Keys and lensohsl (52, pp.259-269) 

stated that when large supploEients of thiaaino wore added to diets 

containing 2+30 mog. thiaiain© per 1000 calories, no improvement in 

ability to do physical work could be detected in adult subjects, 

fhe subjects of Blsoa and others (15, 569-577) ingested 651 laog, 

thiamine daily for 120 days. Their minimum requirements seemed to 

be met, fhe authors, however, suggested that this amount might 

prove inadequate if consumed over a longer period of time, to 

determine the thiamiae needs of normal adults, Melaick (39, pp,!??"* 

151) made eeveral studies. According to hie results 550 meg, per 

1000 calories is an adult requirement, but he recommended a safely 

guide of 500 meg, per 1000 calories daily, fhe recommendation of 

Williams, Mason, and Wilder (60, 71-97) in 1945 was a little higher. 

Their subjects were kept on a thiamins intake of 450 meg. per 1000 

calories daily aad slight deficiency symptoms developed. Therefore, 

in the opinion of these investigators, 600 meg, per 1000 calories is 

none too high an allowance. After a study of different thiamine 

intake levels of adults, Hathaway and Strom (25, pp.1-8) stated that 

0.8J+-1.0 mg. thiaaino per day appears to be sufficient for a norml 

adult. Tho recommended daily allowance by the Food and lutritioa 

Board of tho national Research Council was based on these and several 

other studies. The National Research Council recommended daily 
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allovjance of 500 meg. per 1000 calories which was suggested in 19li3 

(16, p»l6) was used as a basis in this study* 

cimnsiffi BxcBEKos 

Under normal conditions, the daily excretion of creatinine by an 

adult ranges from 1.0-1,8 gn. per day. fhe exact amount varies 

somsvyhat with the diet because the creatinine contained by the diet 

is exeretei in the urine. It was shown by Folin and %©rs (56,  pp.696* 

699) that the daily excretion of creatinine on a meat-free diet is 

constant in a given individual. Often the excreted amount of 

creatinine Is expressed as a creatinine coefficient which moans the 

2Jvhour excretion in milligrams per kilogram of body weight* the 

normal range of the creatinine coefficient is I9-3O (26» p*3ii2)* I^aw 

(57» pp«lt82-J466)# in 19l4.7# reported that the daily excretion of 

creatinine may vary up to 300 mg# from day to day, and that there is 

a significant correlation between the level of creatinine excretion 

and th® day of the week, presumably due to the influence of a weekly 

routine common to all subjects* fhe next year Friedemann and others 

(17» pp«117"156) studied the effect on th© creatinine coefficient of 

diets restricted in protein and the vitamin B-eomplex* She diet 

vms so low in those nutrients that deficiency symptoms appeared 

which were reflected in metabolic changes associated with the forma- 

tion and excretion of creatinine* It was concluded that the creatin- 

ine excretion paralleled the rise and fall of body weight* The 

creatinine coefficients of the subjects decreased gradually on the 
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deficiency diet* During the second period, thiamine was supplemented 

to the diet, but the coefficients did not increase* Friodemann 

states that the administration of thiamine to 2 subjects did not 

increase their creatinine coefficients in 2 months* The recovery 

was very slow even when other restricted nutrients were supplemented* 

In their report on a medical survey of nutrition in Ilewfoundland 

in I9k5»  Adsuaeoa @>nd his associates (1, pp.25-26) express the 

urinary thiaaine values as meg* per gjn* of creatinine in a given 

voiding* The normal values for urinary thiamine excretion according 

to their report range between 150»300 meg* per gm* of oreatlnin©* 

It is assumed by them that an excretion of less than 50 meg* thioaino 

per gm. of creatinine represents an inadequate thiamine intake and 

that well-nourished individuals excrete more than 150 meg. thiamine 

per gm* of creatinine* It was also stated in their report that the 

amount of urinary thiamine per gm* of creatinine stay be considered 

roughly as the amount of the vitamin excreted per day by a small 

adult* 

The same way of measuring thiamine nutrition was used by Buroh 

and co-workers (5« pp*9"50) when surveying the nutritional status 

of the population in Bataan, Philippines, in 1950. the literature 

does not yield any further information about this method of estimat- 

ing the thiamine nutrition of man* 
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EXPERISJBM'AL PROCEDURE 

this study vrae started January 19, 1951* ^he previous day 

served as a preliminary day in which the dotorminations were Eiad©, 

but the diet was not controlled. She study lasted for 30 days, 

February 17 being the last, and was divided into two periods of 

15 days each. During the first period, tho subjects received 628 

nog* thiamine daily, furnished by the diet, plus an additional 

amount of 1*00 meg. of thiamine hydrochloride given orally in water 

solution before breakfast* Shis way the total ingested thiamine 

daily during the first period was 1028 meg* per 2000 calories which 

approximately follows the reoonmiended daily allowance of the iational 

Research Council, 1000 meg* per 2000 calories (16, p.l6). During 

the second period, no thiamine supplement was given to the subjects* 

Hence, the thiamine intake was the 628 meg* furnished by the daily 

diet* 

EXpERMMm mm 

the  subjects were maintained on a constant daily diet which 

provided approximately 2000 calories* The foods were selected to 

meet the National HeSearoh Council recommended daily allowances 

for all nutrients except thiamine. She calorie, thiamine, riboflavin, 

protein, fat, and carbohydrate values of the foods contained in the 

diet are given in fable 1. These food values were calculated from 

the food composition tables by Watt and Herri 11, U.S. Department of 

Agriculture (58, pp.lO-lltf) except for thiamine and riboflavin values 
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MioxMS mm mmamE tmms OP FOOBS OF 
!sm mxtx MWS 

Food 

evaporated 

Carrots, canned 

Beef, round 

ISheat sera 

Pears, canned 

Peaches* canned 

Green beans, 
oasmed' 

Orang® juieo 

CrGm. of XM<B&% 

' Cheese ^ AmeiMeaa 
Cheddar 

Bisouite 

Cookies 

Butter 

Sugar 

Sotal 

Ihia- Car^ohy- 
Aao«at Calories mind' Bibof lavisf Protoln Fat  drat® 

E|Og« .  EOg> 

100 

100 

ioo 

6 

100 

100 

100 

166 

30 

5k 

50 

110 

30 

20 

139 

3d 

177 

n 
75 

22 

80 

108 

9S 

120 

372 

1422 

220 

80 

20U0 

75 

18 

77 

129 

10 

ii 

10 
127 

19 

51 

14 

23 

2k 

373 

22 

27 

20 

12 

1G 

67 

26k 

131 

101 

9 

7»0 7 

•5 

19»5 » 

■'l.5 

4.2 

1.0 

1.0 

3.5 

7.S 7 

7.5 9 

9.0 11 

g.a 12 

•2 24 

9.9 

6.1 

■••• 

3.1 

18.4 

18.2 

1 4.2 

3 18.4 

2 23.2 

0 .4 

7 .6 

8 57.4 

2 52.0 

ij. «»•■■ 

20,0 

623 IW*  72.7 85.8 231.9 

*   Sifeof la^in valuos were detoitoined by Moi-ling' XTu. 
** fhe riboflavin intake mas lees than Hi®  National Reeearoh Council'e 

reooamended daily allowanoe 0$  1500 mog. 
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which were determined in this laboratory* The individually detenoined 

values for the thiamine content of the foods are given in fable 5<» 

DESCIIPHOS OF SUBJECTS 

Four apparently nonml adult women served as subjects of this 

study* One of then was a faculty membor, three others were graduate 

students* Their activities during the study were quite similar* All 

of them were working in the laboratory doing chemical determinations* 

KT, HAL, and CAS were in good health throughout the entire period* 

EBD had some nausea on 3 individual days* Any deviations which seemed 

to have affected the results of the doteminations are indicated in 

the table of daily values and were considered in the statistical 

treatment of data. Table 6* A description of the subjects in terms 

of age, height, weight, and weight variations during the study is 

given in Table 2. 

TABLE, a. 

AGE, HEIGHT, AID VMIfm  OF THE SUBJECTS 

Subject  Age Height Kean Weight  Weight lange Weight Variation 
in*   lb*   kg*     lb* lb* 

WB        35    65.5    122.0  55.5  lai.o * 123*5 2*5 

BAL 31 68.0 140.3 63.8 138.5 - 11*2.0 3*5 

CAS hh 68.5 152.6 68.5 151*0 - 154.0 3*0 

RBD    29  62.0  10U.6 ltf.5 102.5 - 106.0       3*5 
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mam COLLECHQS mm FSESEKWATJOH 

The collection of urine was started the first day of the 

experiment after the first voiding before breakfast was discarded* 

The first voiding of the next day ms always included in the previous 

day*? oolloetlon* Isaaodiately after Q&oh voiding the volume of the 

urine vi&e measured and recorded* A preservative, glacial acetic 

acid, in the amount of 2$ of the voiding was added* The pool of 

preserved voidlngs mis stored in a brown bottle under refrigeration* 

Tfcen it was completed, the total volume was again measured* In 

Calculations for the different analyses, the total volume, the 

calculated sum of individual voidlngs, ms used unless there was an 

obvious error in measurement detected by the total measuring. 

AMLYTICAL PROGIDUHE 

to determine the thiamine content of the foods and urine, the 

thloohrome method was used* this method was first proposed by 

Jansen in 1936* and later modified by Karrer and Kubli (7, pp.380- 

381*). It was further modified by Hennessy and Cerecedo in 1939 (28, 

pp*179-183) viho introduced the use of synthetic zeolite, called 

Deoalso, for adsorbing the thiamine and thereby separating it from 

interfering substances* They also were the first ones to employ a 

sensitive photoelectric instrument to measure fluorescence* The 

thloohrome method is based on 1) oxidation of thiamine to thloohrome 

by potassium forricyanide in an alkaline medium, 2) extraction of 

thloohrome with isobutanol which has been redistilled to free it 
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from fluoresoent material, and 3) estimation of the intensity of the 

\riol©t-blue fluorescence in ultra-violet light* Mickelssn, Oondiff 

and Keys (I4.5, pp*361-370)# in 1947* suggested an additional adjustment 

of pE before the extraction step to Eilninize interferenoe of other 

fluoresoent substances often present in the samples. She proeedure 

as followed in this study includes all these modifications and has 

been previously used in this laboratory with satisfactory results 

(unpublished data). 

Reagents and Equipment Ueod 

During the procedure for determination of thiamine in the foods 

and urine, the following reagents and equipment were used. 

Standard Solutions 

*• Quiaine Sulfate Stock Solution At 0.0108 gnu of U.S.P. quinine 

Gaifate wa© dissolved in 0.1 1 HgS^ond diluted to 1 litor with 

the same solvent. It was stored in a brown, glass-stoppered 

bottle under refrigeration. 

2* Quinitt® Sulfate Working Standard Solutlont 5 ml. of the stock 

solution A vssco. pipetted to a 200 ml. volumetric flask and 

diluted to volume with 0.1 H B^Oj^. the solution was Stored 

as explained above, and it YJUS used to set the fluorometor 

reading at 70 before reading of unknown* 

5* thiamine Stock Solution At    25.O mg. of Herckf0 orystalline 

thiamine hydrochloride, kept dry over concentrated SgSOh, aa© 

dissolved with 20% ethanol of pE h ®®& mado up to 500 ml. in 

a volumetric flask* 
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It, 30^ Ethanol of j>H }±t    120 ml. of 95% ©thyl alcohol was- added to 

450 ml. distilled vn^oF. fh© pH of th© solution was measured 

with a Beckman pS motor and adjusted to pH h by adding 0.1 

H HGi drop by drop* 

5, Thiamine Intermediate Solutlont 5 B»1» O^ thiamine stock solution 

A was diluted to 5° ssl» witti buffered water pH k*5» On© sal* of 

this solution tjas equivalent to 3 ^cg* of thiaiaine hydroohlorlde* 

^^ ^h5-ami'ne forking Solutlont 10 ml. of thiamin© intermediate 

solution was pipetted into a 230 ml. volumetric flask and diluted 

to volume v/ith buffered water* pH k»5»    Thus, 1 ml* Of this 

solution urns equivalent to 0,2 meg. of thiamine hydroohloride. 

Other Reagents 

7. Buffers 

a. j>B l»*gi 33 ml* glacial acetic acid and 66*6 gm* anhydrous 

sodium acetate were made up to 1 liter with distilled water. 

fhe pB was measured with Beokman pH meter and adjusted if 

necessary* 

b. jaH 3»63 to 6.681 Anhydrous sodium acetate was dissolved in 

full strength glacial acetic acid to the point of saturation* 

8. Buffered water, pH l».3t Distilled water was adjusted to pH 4*3 

little by little by adding the buffer pH U»5 to it and testing 

the pH with Beekcaan pH meter. The approximate concentration of 

the solution was ^tlOOo 

9. 1.0 13 IBlt 83 ml. of concentrated C.P. ECl 'me- diluted to 1 

liter with distilled water. 
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10. 0,1 N Kl: 10 ml. of concentrated ml ^ae diluted to 1200 ml* 

vrf.th distilled water* 

11* 0,1 N figSOj^t 5 ml* Of oonoentrated HgSC^was diluted to 1800 ml* 

with distilled water* 

12, Silver titrate Solutionj 25 ml* of 5% silver nitrate solution 

in distilled mtor and 25 ml. of concentrated HKOj were mixed 

together* The solution was used to test whether Decalso was 

washed free from chlorides. 

13* 2/| Acetic Aoidt UO ml* of glacial aoetie aoid vsaa diluted to 

2 liters with distilled water* 

ll;. y$> Potassium Ferrioyanidei 1,0 gm» of crystalline potassium 

ferrioyanide was dissolved in 100 ml* of distilled water* It 

was stored in a dark bottle* 

^* Aahyflrottfr Sodium Sulfatet Preparation of Hallinokrodt Chemioal 

Works* 

16, Isobutanoli Isobutyl alcohol was redistilled before using* The 

portion only which distilled between temperatures of 106-1080C. 

was used as a reagent* The fluorescence of the distillate was 

tested to be the same or less than that of distilled water* 

17* yp$> Sodium Hydroxide Solutioni 2*5 liters of distilled water 

were boiled for 10 minutes to get rid of COg and oooled to 

room temperature* 500 gnu of HaOH pellets were disolved in 

1.5 liters of this water which was then cooled again to room 

temperature. The solution was diluted to 2000 ml, with the 

same COg-free water, 20 gm. of C.P. Ba(0l)g xmM added to this 
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solution# stirred xmll,  aad allowed to stguad in a dark place until 

the next day. The clear liquid ms then decanted and the residue 

discarded. 

18» S ffi.3£ £li 1S* 800 ml# of oa 1lci ma ft®at©d t0 foiling. 

250 ©a. of C.P. Kl war© dissolves in it, and tSi©- solution tsas 

cooled to room temperature. It mo mad® up to- 1 liter with 0*1 

1 HSl. 

*9* ^e^ Solutions 50^ eonsestrated HC1 aad 50^ ©osoentrated H^PO. 

£©r adjusting, the pH of the sampl© befor© adding iaobutaaol. 

20. IkiayBi® Solutions for Food Analysest    3% takadlaotag® aolution 

xm.Q Bjade up by treigliing 2.§ ga* takadiastase tclxioh Tias dissolved 

in 5© ml. of buffer, pH k»5» 

5g§ papain rms: prepared the sam© isay using papain. 

Both. m.zym<B  solution© irars prepared fr©sh just b©foro using thea. 

21, Dacalso, Bynthetlo Zoolit©.. Acti^ationt About 1 kg. of Dee&lso, 

5O-30 m©sJi# obtainod from Permutit Co..,. tsas soakod in 2 liters 

of hot £$ aoetie acid and etlrrod "wall a©v©ral times. She liquid 

tjith floating debrifl- ims dscaated. fh© Peealso laas soaked again 

with three sueeossiir© portions of hot ac©ti© acid. lih©n the last 

amount of acid ms poured off, tho Dsealso was drained ae dry as 

possibl©. then it ma soak©d for 20 minutes in boiling 23% 161 

said stirred ■well, fhe- mi vm.8  decanted, Tim washings trith 

hot 2$ aoetie acid followed and then at least three "waahisags 

xvith hot distilled mster. fh© last tmshing vater was t©sted 

xaith silver' nitrat© solution to detezmine ^0th©r it was free 
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from chlorides and also with litmus paper as to whether neutral* 

If either test was positive, Dooalso was washed more with hot 

distilled water. Finally it was drained well and spread on 

trays to dry in air» 

Equipment 

Beokman pH Efeter, laboratory model 6, Hatlonai Technical Laboratories* 

Coleman Blectronlo Photofluorometer, model 12. 

International Centrifuge, slae 1, type SB, series no. ¥59601. 

Base Exchange ffubos, called Decalao eoluano. lihon prepared for use, 

a small plug of glass wool was first placed into the bottom 

opening. The tub© was filled with distilled water. Docalso 

whioh had been soaked in distilled water previously was 

Introduced with a spoon into the funnel part of the tube and 

allowed to settle down by gravity while the column was slowly 

rotated. Air bubbles in the tube were avoided. Decalao was 

added until the level of it was 2-3 mn*  above the opening to 

the funnel. Water was allowed to drain Just before introduc- 

ing the sample into the tube* 

Reaction tubes. Glass-stoppered, conical Maizel-Gerson reaction 

vessels were used* TJooden racks were prepared to support the 

vessels* 

Hatched Cuvettes were used for fluorometer readings* 

Incubator Oven for food samples was maintained at the temperature 

of 3.70C* 
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Syringe fflpettes 

20 ml« syringe, B?D Yale, ms used for isobutanol 

^po-syringa, Chiaftain, 5 ml., was used for HiaOH 

Bypodenaio tuboroulin syringe, B-D Yale 

Syringe Pipette Holders were of suitable size for eaoh pipette. 

Determination of fhiamine Standard Curve 

^o calculate th® thieuaine values of unknown samples, a thiamine 

standard Curve was determined by using known amounts of thiamine 

hydroohlorlde. Different volumes of th® thiamine working solution, 

containing 0.2 mog. thiamine hydroohlorido per ml.,were pipetted 

into 25 ml. glass-stoppered graduated cylinders and diluted to volume 

with buffered water, pH 4.5. the following amounts of thiamine 

were usedt O.Oj 0.2| Q.kl 0.6t  0.8j 1.0; 1.2} l.kl  1.6t 1.3} 2,0; 

2.Ui  2.8} 3*2$ 3.6i and U»0 meg. Eaoh 25 ml. sample was nm through 

a Deoalso column, ^hpee washings, 10 ml. eaoh, of buffered water, 

pH k»5$  followed to rinse the graduated cylinder and the sides of 

th© column. Activated Deoalso during this process adsorbs thiamine 

from the solution. After the last washing was through, the washings 

were discarded and a new 25 ml. graduated cylinder was placed under 

the oolumn for collecting the thiamine which is eluted with hot 25% 

KC1 solution. Enough HC1 was added to jmke the eluate exactly up 

to volume. 

fm  10 ml. portions of the eluate were pipetted into the reaction 

vessels. Into eaoh aliquot, 3 drops of 1% potassium forrioyanide 

were added followed by 3 ml. of 15$ KaOH Solution. She pH of the 
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aliquot ms ja©asus!,ed and adjusted to a range b©tu8©n pH 8»5-9»8 vrith 

an aeid solution eentainiBg equal aaouatG of concentrated HOI oad 

ooaeontrated HZPOJL* IJ ml,  of rodistilled isobutajidl was then added 

and th® ir©soels wero shaken ^slgorously for !•$ miau'tea* fhoy wer® 

©©ntpifuged for 2 ainutes, Sh© bottoa aqueous layer ms removed 

by ouetloa ■oith a eapillary tub®. 2-3 gi&» of eashydrous Ife^O^ XTBTB 

added to the ©xtraet t© rmm-m th© lasfteae^s of miter. She 

vessels t7©r© shaken to mix aad e@atrifug©d for 1.5 minutes. Sh© 

clear ©xtraet ms poured into dry fluoroa@ter euvsttes and th© 

fluor©SQ©no© ■mas measured in a Colemao. Eleetroaie Fhotofluorom©t©r 

set at JQ with th© quinine sulfat® r©f©rene© solution. A blank 

reading, blank oontalning no 'feiaiain© but all th© r©agonts, •sas 

subtracted froa each sample reading to corroct for any pr©forsa©d 

flu©r©se©neo present in th© reagents. Th© deta eoll©et©d ia at 

least thre© trials of ©ach amount of thiasaia© are shoum ia fablo 3. 

They ^sre treated statistically by th© aoi&od of isast squares sug- 

gested by Coward (8, pp.20-21) to obtain a theor©tieal curv©. Th© 

statistical data ar© sunHoarised in Table 4. Th© oaloulated eurv© 

was plotted (Figar© !.)■ and used for thiamin© ealeulaMoas in food 

and urine samples. 

Determination ©f fhiamin© in foods 

Lohmann and Schuster (Jg pp.382) hav© shoxm that a great part 

of th© naturally occurring thiamin© may be present ia food© in th© 

fom of its pyrophosphoric ©st©? Isiom as coearboxylase. This is 



!MBLE 3. 

SnfflMlY OF ESSULTS IS VESmmMSlOB OF 

^&oh mxab@r is the mean value of tno corrected readings (readiag - blank)7 

Mcg» thiaaiae 
in aliquot 0.2 0.4 0.6  0.8  1.0 1.2 1.4 1.6 1.8  2.0  2.4  2.8 3.2   3.6 

4.75 9.5 13.0 18.5 2U.5 25.5 32.0 36.0 47.5 lk»15 59.25 68.0 78.25 88.75 
5.0 10.5 16.5 19.25 22.0 33.0 35.0 37.5 38.75 45.5 57.5 63.5 78.5 82.0 
5.0 9.0 13.75 17.0 24,0 31.25 35.0 37.5 35.75 44.25 61.75 69.0 77.25 81.0 

14.0 .    21.0 25.5 44.25    55.5 57.5 77.0 79.5 
Corrsotsd 26.5 57.25 56.0 8O.5 
flubrometer 6I.5 
readings 

- 

72.5 
59.0 
80.0 
81.0 
78.5 
68.0 

Average 4.92 9.67 14.31 18.25 22.88 28.35 33.33 37.00 41.56 44.83 58.25 67.92 77.75 82.35 
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18 k* 

DESEBIXtmiXOB OF WSHSBSSICAL TBUmm QWMBD 
■ GMfE BY mmm OF IMST SQWAEES 

Gonoontiratloa Q"b3©rv,©& Dotiation Produst Squares of Gorreetod Y 
of thiamin©i/ peadiagi from m^n of deviation 

from moan 

S f x *S T(X * 1) (21 - I)2 f  m  B(S-f). 

0.2 4.92 *i.l}43 -   7.O996 2.0822 4.57 
O.i; 9.6? 

34.31 
*!.2!43 - 12^0198 1.5U50 9.31 

0.6 -1.0li3 - 14.92S3 
* i5.3eija 

1.0878 14.04 
0.3 I8.25 *o.aU3 0.7106 18*78 
1.0 22.0S -0.613 - ik.nw 0.413U 23.51 
1.2 28.35   . -o.i443 - 12.5591 0.1962 28.25 
uk 33.33 -0.2^3 - 8.0992 0.0590 32.99 
1.6 37.00 -0.0U3 -  1.5910 0.0013 37.72 
1.8 14.56 *o.l57 +   6.52ij9 O.02I46 42.46 
2.0 144.83 •K>.35T 4 16.0043 0.127^ 47.19 
24i 58.25 40.757 4 1J4.0953 0.5730 56.67 
2.8 67.92 ♦1.157 4 78.583U 1.3386 66.14 
3.2 77*75 41.557 4121.0568■ 2j*2/,jg 75.61 
3.6 82.35 41.957 4161.1590 3.8298 85.08 

Tk© valuo of ©orraoted T, the theoretioal reading, is obtained by 

ths oquatioa If s f - B(X * X) 

li S meaa ^alu© of 21 

f s ©orr©et©d flia&roa©t©r r©adiag (reading - blank) 

1 Z mean valu© of Y 

8 5 slop© of the cunro, obtained by ©quation A "J"e<'g 

1 z 1.643 

Y x 38.67 

341.0331 
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FIGURE   I. 

THEORETICAL   THIAMINE    STANDARD   CURVE 

0.4      0.8       1.2       1.6      2.0      2.4      2.8      3.2      3.6      4.0 

THIAMINE, MCG 

V 



oonvertod to the pyrophosphorio ester of thioohrome by potassium 

ferrioyanide, but Kinnersley and Peters (35, p«697) havo shown that 

this oompound is not extractable with isobutanol and must be broken 

doraa to obtain correct thiamine values in analysis* Therefore, the 

cooarboxylase has to b® hydrolyzed prior to oxidation with potassium 

ferrioyanide* Enzymtlc aotion for hydrolysis has been used by 

several investigators* Bonnessy and Cerooedo (28, p.179-183) used 

a liver preparation* fauber and Lohmaim and Schuster (20, p*93) 

tried starch-splitting enzymes like xoylase, olarase, takadiastase* 

Conner and Straub made an extensive study to determine the offeotive- 

ness of these different enzymes* They came to the conclusion that 

5/5 takadiastase or ^$ elarase are tho most effective ones, and 

similar in their action in hydrolysis of starches. Halliday and 

Seuel, in 19^1, (21, p.555) proposed a mixture of 5% papain and 

5^ takadiastase to free thiamine from its protein complex* To 

determine tho thiamine values of the foods used in the experimental 

diet of this study, the following procedure was used* 

Four samples of eaoh kind of food were weighed out—the size of 

the sample depending on the estimated thiamine content of the food* 

The sample was mixed in a Waring blender with 75 ^1. of Z% acetic 

acid for 2 minutesi 25 ml* of acid were added rinsing the lid and 

Sides of the blondor and mixing was continued for one more minute* 

The total volume of the mixture was then measured, one half of it 

was poured into an Erlenmeyer flask, and the other half was discarded. 

5 ml. of 5/5 papain and 5 ^l* of 5/? takadiastase were used to rinse 
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the sidoe of the measuring cylinder and then added to the sample. 

The sample was incubated at 370C. over night, at least 14 hours. 

After this digestion period the mixture was brought to boil to 

inactivate the engymes. It was cooled under running water and 

oentrifuged for 10 minutes* the supernatant liquid was filtered 

through a sharkskin filter paper* 5 to 25 ml. aliquots of the fil- 

trate were used according to the estimated thiamine contant* The 

pH of the aliquot was adjusted to 4*5 and the volume was made up to 

25 ml* with buffered water, pH it*5« $he procedure after that was 

the saae as in the detenaiming of *e thiamine standard curve, 

described above* One sample of each kind of food was used for a 

blank determination to detect any other fluoresoent material present 

in the food* The blank was run as the other samples exeept that the 

oxidation with potassium ferrioyanide wad omitted* The blank reading 

was then subtracted from the readings of the other samples to 

obtain the -value of fluorescence caused by thiamine in the sample* 

To the fourth sample of each food, a certain amount of thiamine 

hydroohloride was added for a recovery test* The values obtained in 

food determinations are shown in Table 5* 

Determination of Thiamine in Urine 

To determine the thiamine content of preserved urine, a 100 ml* 

sample of eaoh collection was measured* The pH of the preserved 

urine was determined and adjusted to pH 4*5 with saturated sodium 

acetate buffer* The volume of the added buffer was measured 

carefully and added to the volume of the 100 ml. sample for later 



SET^Rsasmoir OF fsimim SB FOODS op tsE MILT mm 

Pood Amount Wei^it of 
ecanple 

Shisiaine 
in samplo 

Average tSiiamin© 
in soaplo 

BlOg* 

TMasino per 
100 g?n. feed 

. mog» 

fhiaaino in 
daily amount 

meg*... 

Milk, ©vapoyatsd** 

Carrots, canned 

Beef, round 

Viheat germ 

100 

200 

100 

30 

10 

1.47 
1.51 
1.51 

5.68 
5*40 
5.i*0 

9.92 
6.110 
6.26 
8.16 
7.31 
8.16 

23.89 
22.08 
19.11 
22.5!* 
20.30 
22.06 

20.53 

1.50 

5.i».9 

7.70 

21.50 

75 

13 

77 

150 

* fhe enzyme solutions used for determining thiamine in milk were made up in distilled water 
instead of buffer. 

75 

18 

77 

129 

1 



TABIM 5, 

DEfmmmfiou OF zmamm m FOODS m vm mihi mw 
(Continiaod) 

Food JiEOimt       Weight of       fhiaaiao Average thiamina 
saa^lo in sample in sample 100 go. food 

Fears, earned 100 100 

Peaches, canned 100 5© 

9.51 
9*93 
9.51 

12.142 
10.53 

5.59 
5.59 
5.99 
5.67 

lO.liO 

5.61 

10 

11 

fhiamine in 
daily emount 

iaeg« 

10 

11 

Green beans, 
canned 

100 20 

Orange juice 166 10 

8.51 
8.62 
9.52 

10.OS 
.8.82 

8.52 
8*01* 
7.G8 
8.0% 

7.14 
7M 

9.11 

7.71 

k5 

77 

k5 

127 
VM 



DEfHSHmTXQU OF mMSSJE 11 m03S OF fHE MILT DIES 
(Ccntiaued) 

Foo^       Motmt   Weight of  ^iMaia©   Averag© thiasiae  fhis®iao per  fhiaaias in 
eampX©   is saaapls     la sasapl^      100 gei* food   dsily oaouai 

 ga. gn«      a6g»     ii^g» ^^ gog>       B0g»  

Cream of xihe&t 30 8«5 5*51 
5.13 
5.13 5.26 59 19 

Egg# B«P,* 10 9*7? 
9*1^ 
9*^9 9.55 955 51 

Cheese, Aaerioaa     30 
Cheddar 

2,12 
2.55 
2.ii6 2*38 2*3 li* 

Bisouite no 20 5*33 
4*87 
5*21 5.11* 26 28 

Cookies 96 10 2*30 
2,68 
2.55 2#5l 25 ^ 

* 2h© av©rag@ •weigJit of th© sdifel© portion of tho eggs was used in caleulatioas* 

V*3 
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thiaiain© oalculetion. Aliquots of 2 to 15 ml. in volume were taken 

of the buffered urine, th© volume of Hie  aliquot depending on the 

expected thiasdn© content of the urine* The aliquot was made up to 

25 ralo volume with buffered raxter, pi 1^.5. Jhree aliquots of each 

uemple were taken and to one of them a knotm omount of thioaiao 

hydroehlotide was added for a recovery test* the rest of the pro- 

cedure was essentially the same as in the determination of the 

thiamino standard curve, differing only in the blank determination* 

T3hen th© two 10 ml. portions of the 25 ml. $81 eluate were pipetted 

into 2 reaction vessels, one of them wao used as a blank by omitting 

the addition of potassium, forrioyanide. this blank reading ms 

subtracted from the aliquot reading* For the recovery, both portions 

were oxidized and the average of the blank readings of both other 

aliquots was subtracted from the readings of the recovery aliquots* 

Determination of Creatinine in Urine 

the creatinine content of preserved urine was determined with 

Folin's method (26, p.839) which is based upon the property of 

creatinine to yield a definite color reaction in the presence of 

piorio acid in an alkaline medium*^ 

1* Th© creatinine do terminations were made by Betty E. Hawthorne* 
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RESULTS AI# BISGUSSIQIT 

fhe daily data of iftiaiaine and oroatinine excretion -values are 

sununarized in fable 6, and in Figure 2. In the statistical treatment 

of data, for the first period of the study the -rolues of the last 

10 days were used* fhe first 5 days were considered as an adjust- 

ment period* For the second period when the thia&ine intake was 

lowered, the first k days served as an adjustment period, and only 

the -values of following 10 day$ were used in the statistical treat- 

ment Of th® data. On the last day of the study a 5 rag* oral test 

dose of thiamins hydroehloride -tsas given to each subject* 

TOSlSX-E'Om-EQlTR BXCHSflOlS OF fECLMSiE 

As shown in Table 6., the mean values of the daily thiamine 

excretions of the four subjects ranged from 100.5 to 275*6 mog* 

for the first period and from 35*6 to 78*5 mog. for the last period 

of the study* fhe variation in day-to-day values of each subject 

is more noticeable on the higher Intake level* It is especially 

great for the subject RBD who either had big enough stores of 

thiamine because she had been taking brewers' yeast previous to 

the study or because her requirement was smaller than that of the 

others due to her smaller body size, indicated in fable 2* and also 

indicated by her oreatinino excretion value, fable 6. fhe first 

reason may be closer to the truth sinoe her thiamine excretion was 

constantly diminishing throughout the first period* Blickolsen, 

Caster, and Keys (ijl;, pp.25^-258) showed that variations in thiamine 
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TMW 60 (Contiauea) 

1) 2h© stemdard deviation of th© a©an in ©aelx oas© has been ©&lott-» 

IIV d2 
la ted by using the formulas, S.U.ia Zt If , , M, &*,   yfa®?® S»D*JJI. 5 "til© 

staa^rd deviation of th© mean and d 2 the deviation from the actual 

2) the  standard doviatioa of ■'tfo©1 dif forenco between two uisans has 

bsea caloulated by using the formula* oBia* - ao=±"\|s,D.mi^ -»- S,Do^2 

in x;tiiGh Bmj. * tag s difforenos between first end second mean* 

5) For the purposes of this study, a differonoe between the two 

aeaas whioSi is txvo tiaos the standard deviation of the difference 

boteaen means is conoidered significant. •' 

1+) Subject vomited' after having ingested the thiamine suppleiaeat 

end part of her breakfast. ....      ,    .  . . 

5) Subject forgot to eat 10 cookies aad ate them the next morning. 

6) Subject was naus©ated and had diarrhea, vomited lunch and 

skipped dinner* 

7) Subject- did not eat har cookies*'        - ' 



FIGURE  2. 

DAILY   URINARY  EXCRETIONS  OF  THIAMINE  AND  CREATININE 
OF FOUR  ADULTS ON CONTROLLED DIET 

57 
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ezoretions of individuals are considerable on intake levels of 0*6 

to 2,0 tog. of thiamine dally. She sane authors (h3»  P»Ul5) stated 

that variability in data beoame more aarked when thiamine intake 

was increased* Concerning individual variation in excretion of 

thiamine, Baum, futtle, and Wilson (12, pp.398-403) reported that 

"on any constant daily level of thiamino intake an individual 

showed day^to'-day variation la urinary excretion of ■Qilaraine, the 

more so as the intake and excretion of thiamine increased.tt 

There is also a marked difference in the thiamine excretion 

levels between the two larger subjects, CAS and HAL, arid the two 

smaller subjects, MM- and SBD, Figure 2. That body size is a 

factor in thiamine requirement of man has been reported by several 

investigators, Jolliffe and co-workers (30, pp.198-211) found 

indications that smaller subjects excreted more thiamine than larger 

ones when maintained on the same intake level. Daum, futtle, and 

Wilson (12, pp.398-1*03) stated that "there is reason to surmise 

that differences in the mass of active metabolizing tissue would 

be reflected in differences in the thiamine requirement of indivi- 

duals.... Increased body size, especially in mass of active, 

metabolizing tissue, vjould call for increasing absolute amounts of 

thiamine in nan." In contradiction to these statements is the 

finding of Elsom, et al. (IJjj, pp.569-577) *&*& ^Q output of thiamine 

was independent of the body weight of the subjects on their study. 

the thiamine excretion values of these subjects can be compared 

to the values obtained in other experiments. Mason and William* 



39 

(56# PP»2k7-255), having their subjects on 1000 mOg. daily thiamine 

intake level, stated that if the output was 100+ 10 KOg., the 

thiemine intake was sufficient for talnimal needs* Uelniok, Field, 

and Robinson (U2t  pp.593"^!
0) maintained their Subjects on th© seme 

intake level of 1000 meg* daily and obtained excretion values from 

237 to 2ij8 meg* which compare with the higher values of this study* 

Gifft and lauok (18, pp*635"6U5) gave vitaaain B-co®pl©x tablets to 

their subjects for 6 days prior to the study* The subjects were then 

maintained on intake of 600 meg* per 1000 calories which is higher 

than the intake for the fir§t period of this study. Their excretion 

values ranging from 195 *0 210 meg* were no higher than the mean 

values of th© two smaller Subjects of this study during the first 

period* Hathaway and Strom (25, pp. 1-8) fed 3 normal adult women 

a synthetic diet with a daily thiamine intake of 1000 meg* The 

average excretions were 113, 116, and II4.7 meg. daily* These are 

lower values than most reported in literature for subjects on 

comparable intake levels. Jolliffe and co-workers (30, pp.198-211) 

reported dally thiamine output values of 319*676 snog, when th© intake 

level of the subjects was 5^k meg. per 1000 calories* They also 

stated that the deficiency symptoms did not appear before th© output 

was below 100 meg* daily* ^he intake level on Jolliffe*s study 

corresponds approximately with the intake during the first period of 

this study, whereas the excretion range is considerably higher* 

However, the subjects of Jolliffe had prior to the study had a 

"control period" during Mshioh they received large amounts of thiamine. 
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so that they were in a stage of saturation when the experiment was 

started. 

As Indicated in the case of RBD, tissue stores of tMamine 

cause variation in the exeretion and higher levels of output. The 

low exeretion values of HAL may he caused by poor thiamine nutri- 

tion previously* That the previous dietary intake of thiamin© is 

an important factor in thiamine exeretion on controlled diet has 

been shown frequently in literature* Mason and Williams (36, 

pp.2U7-255) 08ra© *o *k® conclusion that evidence of tissue storage 

of thiamine may be found in excretion as long as four weeks after 

restriction of the intake to I+.GQ-600 raogo daily* Daunn and 

eo-workors (13, p*lQl49) had a group of subjects on IhQ meg* daily 

thianine intake level until they were depleted* Ihen transferred to 

a level of 13U0 meg* thiamine daily, their exeretion did not increase 

until the third month* Melniok (39# PP»139~151) compared tho urinary 

thiamine excretion before and after tissue saturation of 6 normal 

adults maintained on 1000 meg* daily intake* The daily exeretion 

mis 1^5 meg. before and 317 meg* after saturation on the same intake* 

Oldham, Davis and Roberts (l+7# pp.163-180) had young women on 

different thiamine intake levels* TJhen the intake was 510 meg* per 

1000 calories, the average exeretion urns 107 mog. before and 196 meg* 

after saturation* Robinson, Selnlck, and Field (30, pp.399-408) 

observed 2 groups of hospital patients, males and females, divided 

according to their estimated previous thiamine nutrition* Tho daily 

exeretion of the group considered to be on normal levels vras 90 meg* 



or more for isales and 60 meg. or more for females, the corresponding 

values being 66 meg. or less and 1+3 or less, respectively, for the 

group which had had poor thiomine nutrition* 

She daily thlamine intake during the last period of this study 

compares approxtoately with the intake of 625 ffiog* daily, received 

by the subjects of Baum, Tuttlo, Wilson, end Ehodee (13, pp.lQij.9)» 

Those authors reported that the daily thiamin© excretion of the 

subjects on this Ipvei diminished for th© three first months of the 

study averaging Jl meg. which suggested that this intake was not 

sufficient. Oldhaa, et al. (4?, pp.l63-180) maintained their 

subjects on the intake level of 36° wog. P^r 1000 calories which is 

soaowhat higher than the level of the last part of this study, fhoir 

excretion values averaged 107 meg. daily which is considerably higher 

than the average values obtained in this study. Mason and Williams 

(36, pp.2U7*255) reported that when their subjects were maintained 

on 600 meg. daily thiaxai&e intakes,, th® excretion of those with good 

stores of thlamine ranged from 196 to 233 meg. and of those with 

poor stores from 52 to 71 meg. daily, the first values are high en 

this intake level if compared with others on comparable intake. 

According to the investigations reviewed above, it may be 

assumed that 90 to 100 meg. is the critical level of dally urinary 

excretion of thiamlne. Since the average output of the four subjects 

on this study was above this level during the first half of the 

experiment, it indicates that the Intake of 0.5 mg. per 1000 calories 

was enough to meet the requirement of these subjects, although the 
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larger subjects, CAS and ML, might have needed higher intakes for 

optimal thiamine nutrition* ^h© average excretions during the last 

period of the study fell below the orltical level of 9° Bi«g» showing 

that tho intake level of 0.3 rag/lOOO calories daily was not adequate 

to meet the thiamine requirement of any of these subjects. It should 

also be notioed that during this low thiamine period tho thiamine 

excretion of each subject was constantly diminishing* 

MIkY TBWSim BXCRBTIOHS IK PERCEimGE OF IBVASB 

As shown in Table 7, tho daily thiamine excretion in percentage 

of tho intake ranged from 9.8 to 26.8 per cent for the first period 

and from 5.7 to 12*5 per cont for the second period of the study* 

These figures may be compared to similar values in the literature* 

Tho subjects of Gifft and lauck (13, pp.635-61*5) were in a state of 

saturation when the study'Was started. They received 600 meg. of 

thiamine per 1000 calories and the excretion values in percentage of 

intake were from 9 to 17 per cent which is surprisingly low if 

compared to values obtained in this study on a lower thiamine Intake* 

Their subjects were stated to have sufficient thiaroine nutrition* 

Helniok, Field, and Robinson (k2t  pp.593-610) reported higher 

excretion IGTOIOO Their subjects on 600 meg. dally intake exoreted 

9*17 P©r cent of the intake, and when tho intake was increased to 

1000 meg., the excretion also increased, ranging from 21 to 25 por 

cent of the intake. Tho subjects of Jolliffe and co-workora (30, 

pp. 198-211), on an intake level of 5&t 3icg. of thiamine per 1000 
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ealories tshioh epproximatoly ooiapares with the intake level of the 

first part of this oxperiment, exeroted 13.1 to 25.7 P©*" o©nt of 

til© intakoo 

VJhen eonsidorod in comparison to the reviewed results above, 

the excretion values of this study seem to fall within the same 

range if the first period of the study is considered. Bven the 

lowest peroentago, that of Ekh,  conparos with those stated as nonml 

by Gifft asid Hauek. the range of ■&&  percentage on Oh® lot?/ intake 

level is markedly belocr that of Kelaiok,s subjeots on a comparable 

level of intake, and may be considered as aubnorrjal. Hence, 

aooordiag to these ©valuations of thiajnine nutrition by detersalaing 

the excretion in percentage of the intake, the i&take of thlasaine 

during the first period of the study vjas sufficient, but during the 

second period it was inadequate for all of the subjects. 

TABU  7* 

mm Tmjmm mcmnom is MCG, AHD m m-mmiAm 
Of mnSB fOR BOfH PERIODS OF STOBt 

Subject 

Mm 

cm 

WD 

Intake Output 
ffiog. meg. 

    ■». 

1028 
6P8 

268.0 
78.5 

26.1 
12.5 

1028 
628 

100.5 
35.6 

9.8 
5.7 

1028 
628 

152.5 
ii8.5 

12,9 
7.7 

1028 
628 

275.6 
71.5 

26.8 
11.4 
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HBC07E1Y OF SHE fSST DOSE 

A 5 jag, oral test dose was given to the subjects the last day 

of the study. Ihe recovery in the 2i|.-hour urinary excretion was 

determined, fhe percentage of the recovery was calculated in 

relation to the total day's intake* Table 8* shows the recovery 

values. 

TABLE 8. 

RECOinSRY OF A 5 MB. QMl TEST SOSE 
Iff IfiCa. MSD II PEECESTAQB OF IITAEE 

Subject Total Intake 

■ ■ , -r*10^, ■■„,■■ 

Eeeovory in 2k Hours 

1LW 

HAL 

CAS 

EBD 

^628 1^.7 3.5 

56S8 130.8 2.3 

3628 aiao5 2.5 

5628 375.7 6.7 

The subjects whose thiamine excretion had been lowest during 

the study also had the lowest recovery values showing that they 

were more depleted in thiamine than the others* These results may 

be compared to results of similar experiments as stated in the 

literature. Robinson, Melnick and Field (50, pp.399-408) gave a 

5 mg. oral test dose of thiamine to two groups of subjects. The 

first group who had adequate thiamine intake previously excreted 

more than 7*5 P®** 0©»* of *he test dose during 2k hours, and the 

second group whose thiamine intake previously had been Inadequate 
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eseroted less thaa 7 per cent of th© tost dog©» Malnick aad Field 

(kit  pp.lJi-lJS) also eonsidsrod that an. individoal vfoa ©xoretod 

less ^taa f p©r ©oat of & 5 'W,*  oral tost dos© of thiajnia© xms 

dofieieat ia th@ vi^iBla* Goldsmith aai Sar©tt (51a. p.129} gatr© 

tho saon® tost doa® to 7 tsabjeets ©B adequato thiamiae iatak©,. 150 

aegt was oxorotoi during the first U hoxsre* ©ifft aa# I&uek (18, 

• FF»^35"^5): obtained reooveries of 15 to 22 p©r ©©at- of the sem© 

test dose in 2^ hours* fhoy stated that th© subj^ots- Md adsquato 

thiasaia© autrttio^io A eomgarison i^ith tJiose findings shows that all 

the -sab^eo-ts of this stady had inadoqaat© •feiamiB.© IOTOIS. Eiroa 

th© highost valu®, 6*7» ^s heltxcj the critieal level of 7 Per ©eat. 

Hone©, th© rmoveFy of th© test dos© indioatos that tho intake of 

0.3 ffiig* per 1000 ealorios urhieh vme ©oasaitted during th© laet half 

, of th© -study rjaa not adequate for thsso owbjQcts, 

MIL! IHIAMIHB KGEESI01S IH BEIAS0151IP 
fO- GRIMOTie. BXCEBflOSS 

Th© daily th^iaain© ©sosrotioa *m.hi®B u©r© also ealoalatod ia meg. 

p@r greua of croatiain©.. Ih© vial«©s ere shoTaa ia Table 6. Adamsoa, ®t 

alt (1» p«25) used this mothod of ©3jpr©3Sioa whoa surveyiag th© autri- 

tioeal status of a populatioa in lepfotmdland, Aeeording to their 

statemeat, 15® saeg. ©xoretioa of thiamino per gram of ereatiaino iadi- 

oatec aoraal thiasaia© autritioa,, ^ivils 50 psg. or less of thiasda© per 

grasa of creatinia© indicates a state of defieieaoy* fh® moan thiaaiae 

©xeretioa por gram of ereatiniae of th® subjects ia this study ranged 

from 80,2 to 2^.9.9 sicg. for th© first aad from 27.5 to' 71»0 meg, for 

the seeoad psriod of the study.. These figures,, aeeording to th© 
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statememt of Adams on and co-workers, show that the subjects during 

the first poriod of the study had adequate levels of thiamine, at 

least even the lower values were above the 50 mog* excretion level* 

During the second period, two of the subjects dropped below the 5® 

meg* level and the other two came quite close to it* This indioatea 

that the thiamine intake during th© second period was not adequate 

for th© subjects. These indications of thiamine nutrition of the 

subjects check approximately with those obtained by total dally 

thiaiaia© excretion values* ^here are only slight variations as th© 

abov© mentioned fact that only two subjects during the second period 

dropped below the critical excretion level vvhersas^when Considered 

in relation to the total meg* of thiamine Excreted in 2k. hours, all 

the subjects showed inadequate thiamine nutrition* This variation 

in result, however, may be just a matter of interpretation, and it 

seems to be quite valid to express the thiamine excretion in nog. 

per gB. of criatlnine* 

If body |ize or th© amount of muscle tissue, as indicated on 

page 33. w&s the determining factor In thiamine requirement of an 

Individual, if; should follow the rule that a subject with higher 

creatlnine exfretion should require more thiamine than a subject 

with lower creatlnine excretion, and hence* excrete less on the 

same intake* This was true in this experiment with the exception 

of thiamine excretion values of H&L* fhe smallest subject, RBD* 

excreted the least creatlnine and the most thiamine* fhe next tms 

MMt but in case Of CAS and HAL the order was reversed* CAS was 
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larger and excreted more ereatinlne, but her thianine excretion also 

was higher them that of ML, although the difference -ma  never very 

big* Hence, some ether factors must be involved besides the omount 

of muscular tissue in determining the thiaraine requiresent of an 

individual* One of them, as laontioned before, may well b@ the 

previous dietary history, but other factors Might vrell also be 

involved* Between the daily excretion values of thiamine and 

creatiniae for a given subject, there did not seem to be any detec- 

table relationship according to the values obtained in this study* 

An iacreace in ereatinlne excretion did not necessarily cause a 

decrease in thiaaine excretion or vieo versa* (Figare 2*) The 

ereatinlne ooeffloients which were calculated for this study, values 

given in table 9, do not seem to have any direct relationship to 

the amount of thiamino excreted by these subjects* 

DETEHKamSlOU OF THIA3SEI® PM GRM OP 
ORmfJlM 11 SEPAMfB votDsass 

Vsihen the study laas over, the subjects were asked to preserve 

one normal day's voidings separately for thiamine and ereatinlne 

determinations* fhe diet of that day was not controlled* She purpose 

of this procedure urns to gain more information as to whether the 

relationship of thiamine excretion to ereatinlne excretion is constant 

in different voidings of the day* According to the report of 

Adamson, et &1* (1, p.25)» as mentioned previously, it was assumed to 

be fairly constant Since they expressed thiamine excretion per gram 

of ereatinlne by analysing an individual voiding of urine* 
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fABLE 9« 

QVBkttmm COEFFICIEUfS OF FOUR SOBJECTS 013 COlVROUJaD 0112 

Day ©£ 
ejcperlmsat MM ML CAS EED 

Prelimiaary 19.82 18.50 21.79 22.74 
1 18.92 18.97 22.37 22.53 
a 20.36 19*14* 22.22 22.32 
3 18.56 20.06 22.22 23*79 
4 13*20 20.06 21.65 21.26 
5 20*00 19*59 * 23*16 
6 20*18 * 21.93 23.16 
7 20.18 18.81 20.14.9 23*37 
© 20*16 19*75 20*92 22.95 
9 20*18 19*28 21.07 23*16 

10 20.36 18.97 20.92 22.95 u 20.5^ 20.06 21.21 22.74 
12 21*80 20.06 22.08 2kM 
13 20.72 I9.75 22.08 2k.8k 
Ik 20.90 19.59 21.79 22.95 
15 21*26 20.22 21.65 21.89 
16 20.72 19.91 21.36 26*11 
17 21.08 20.22 21*79 22.74 
18 20.3^ 20.22 PP.66 22.74 
19 19*82 19.91 22.9k 23.58 
20 19.82 19.91 22.66 22.74 
21 19i28 20.06 22.51 22.74 
22 20.18 19.91 22*51 23.16 
25 20.36 19.91 22.51 • 
21* 19*61+ 21.16 22.37 23.37 
.25 20.5*4. 20*69 23.38 23.58 
26 20*36 19.75 22*00 22.74 
27 19.6U 20.53 22.22 22.53 
28 20.36 21.16 22*51 23.16 
29 19*28 20.06 22.08 21.89 
30 20.00 20.69 21.36 22.32 

Avarag© for 
30 daye 20*13 19*96 22.01 23*07 

*   Value missing because of some loss of the urine. 
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Th© primary roasoa xshy th©3© SQparat© voldiags of onQ day w©r© 

analyzed "oas that, as shosm ia fabl© 6» aad Figwr© 2.e th©?© 'was 

some loss of urias oa eartaia days. Th© part of th® uria® preserved 

those days m© analyaei fop thiaaia© aad craatiaiae and csa attest 

ms md© to ©stisiat© the day's thiasoia© ©scretloa fey oaloulatiag it 

ia relation to th© avepago ereatSaia© exeretioa of th© suhjeat* She 

oalealatod tmlu©s w©r© ©s follo'ws* MLa th© 6th day of the study, 

117 meg*3: CAS* the 5th day of th© studyt, IfS meg.} emd EBB* th© SJrd 

day of th© study,* 101 aeg, fhoa© results do not saeaa to differ tr©ry 

aueh from th© thiamia© -oxeretloa W!.lu©0 o'btaia©d ia th© days eles.© to 

thos© gartioular oaes ©xeept that they ar© somet^mt high©?., that of 

RBB heiag eoasiderahly 'higher thsa the values for th® other day© 

during the same period of the study* (Table 6.) 

The ••values ofetai&ed ia this ©zperiaeat are showa ia Table %Q, 

They show eonsiderahl© variatioa from iraidiag to voiding ia th© 

ratio of aeg. of thiasin© per grsm of creatiaine. Aad a© aa iadiea- 

tioa of the total daily output the aeparate* values vary greatly. 

However* aay voiding ©f a givea subject could give cm ■approxisat© 

illustration of the thiaain© level of the subject, fhe first value 

of HID is ©a exoeption being uaduly high ia eoapariaoa with her 

other values and the daily total ezeretion ©f thiamia©. The results 

of this particular esperimeat aeea to indicate that on lewer ©xere- 

tioa levels* there is less variation from voiding to voiding in 

thiamia© ©xeretioa values per grs© of creatiaia© ©xereted ia the same 
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'MBLE 10, 

miMstm, cmkmmm, &m wmawz PISE GRAM OF eRB&ftmm 
"IS SEPARATE VOIBIHQS OF 21**1101® PBHlOD 

Subject       lime Volumo of I'hiaEiine Crsatinine 
preserved 

urine 
ml* meg* tog* 

2hiejaine Mean thiaaino 
par gvasa    per gram 
creat±iSne   creatlniae 

acg« mog> 

HOT 

i'otal 

12t00 A.M, 
6i25 ¥.M. 
6ik5 P.M. 
7*00 A.M. 

191* 
221+ 
173 
tea 

51.5 
69,9 
51.9 
79«9 

1019 25$«2 

17 
21 
14 

302.9 
332.9 
370.7 
275.5 

81 

3»*S 

Total 

12i00 A.I. 
' 5s00 P.M. 
11*30 P.M. 
6*50 A.M. 

275 
186 
21*7 
536 

22.3 
23.7 
31.2 

22 
22 
30 
2. 

101.1* 
107.7 
IQl+.O 
106,0 

121*1* 114.3 

104.8 

CAS 

fotal 

9i 10 A.U. 
1*00 P,M, 
6»i*5 P.H. 
7»00 A.M, 

337 
3i42 
211 
81*5 

57.6 
51.1* 
50.I* 

23 
21* 
35 
11 

250.1* 
214.2 
ihk.Q 
172.8 

18^5 289.0 It 
^^ 

lliOO A.M. 
2*25 P.&I. 
5*15 P.Ho 

iiti5 P#E. 
7*00 A.H. 

219 
338 
362 
212 
141 

76.2 
1*3.8 
37.2 
65.9 
63.3 

15 
18 
19 

29 

508.0 
271.1 
195.8 
183.1 
218.3 ,,,2^^. 

total agfra.    291,4       1.17 
—<—^M^-Jl^liWI.'.lluli 



5* 

voidisg.    More data v/ould be nooded boforo smking any eoncluoioaa 

in this field. 
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StEif&EI MB COICLPSIOi 

I?o«r aonnal adult •cromea were siaiatained for 50 days on a 

ooatrolled diet tMeh furbished 2000 ealorios por day. For tto 

first period ©f 15 days, 0.5 J&g. of thiosdno per 1000 ealories 

xma given to th© subjects. For the last period of 15 days, 

thiaiain© intak© oao reduced to 0.5 meg. per 1000 calories. 

fhe average values for E^-hour uriaary ©xeretioa of thiasaiao 

for th© first period ranged from 100.5 to 275.6 mg. or from 9.8 

to 26.8 per ©eat of the intake, and for th© last period froa 35*& 

to 79*5 ■H»og« or 5*7 *<> 12.5 P®** cent of the intake. 

The 2li-hour response to a 5 ag. oral teat dose of thiasaia© 

given the last day of th© study rcnged froa 130.8 to 575»7 E&S* 

or 2.3 to 6.7 p©r cent of th© total iatak© of th© day. 

there seemed to be ©videae© that, in general, thiasia© excre- 

tion -cms related to ereatiaiae excretion, fhe subjects with lower 

excretion levels of creatiniao had higher • thiasiia© eseretion levels 

a3a^ ^££ '^@raB- when the intake was the sea©. 

fh© daily thiamine excretion values as calculated per gram of 

oreatiniae averaged from 80*2 to 2I4.9.9 meg. per gram of creatiaia© 

for the first period and from 27.5 %& 71*0 meg. per gram of creatiaia© 

for the last period of the study. 

Th© values for excretion of thiasaine per graja of oreatiniae ia 

2i;-hour separate voidings -were deterained for one day. She varia«* 

tioa of this ratio from voiding to voiding ms considerable for each 

subject, but each value might still give a very approximate estimtios. 
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of daily thisiaino excretion of ths oubject. Sho data obtained in 

this short study do not give dufficieat material for say oonelusion. 

Th© Food aad Hutritioa Board of the Satioaal Researoh Oouacil*e 

recoaiasadod daily allotsaace of 0*5 ©S* o^ tMamin® p©r 1000 calories 

proved to m©©t th© needs of thase £oxxr  swbj©otS as measured by usual 

criteria* It tms aon© too high aa isvtafc© for the subjeets -ertth 

larger aatousts of muscular tissue* The intake of O.J mg* per 1000 

calories sraa aot adeqimt© for emy of these subjects* fh© body siae 

aad the previous thionin© nutrition of the individual soeaod to be 

determiaiag factors in thismine r@q?iireia©nt, but other fsotors'may 

be iaTolved* 
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