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INTEOLDUCTION




INTRODTCTICH

That the animal body needs riboflavin for its most
efficient functionin~ has been recornized for many wears,
and to riboflavin have bheen attributed many functions now
known to be performed by other factors of the Vitamin B com-
plex, The distinction between riboflavin ard the otler men-
bers of the Vitamin R familvy has Been impeded greatly by the
lack of methods for its meas'wrement and extraction,

A.short time after fat-soluble A and water-soluble B
vitemins were postulated, experimenters discovered that they
were working with at least two water-sélnhle factors, one
thermolaktile and the other thermostable. The trermostabhle
portion became known as B2'

Among the early workers who attempted to assay this
material were Chick and Roscos (1929), end Srerman and his
co-workers (19%21-1935) whose efforts led to the establish-
ment of the Bourquin-Sherman rat unit, Those who have worked
to Improve this technique are ¥Warrer, Axelrod, Lipton end
Elve jhem (19),0), wno studied the basal diet; Morpan, Coolk and
Davison (1938), who worked with the effect of the kind of
carbohydrate in the riboflavin-depletion diet; Clark,
Lechycka and Cool (19!'0), who stndied the valr e of the vari-
ous Becomplex surplements and who greatly simplified the diet
and clarified the symptoms.of ariboflavinosis; Shaw and

Phillips (1911), and Wannerinw, Lipton and Elve jhem (19/;1),
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mho determined the effect of fat in riboflavin-deficient
diets; and Street (19l11), who has reviswed the rat assay
methods in current nse in an effort to standardize and
improve them.

Other animals than rats have been used in the biolori-
cal assay. Chicks, monkevs and mice were used by Day (195h),
and Jukes (1937) ontlined the present assay methods using
chicls, Dors were 1sed as the experimental animals by Street
and Coweill (19%9). 1In 19,0, Koch snu-rested usine the larval

stage of development of the beetles Tribolium confusum,

dronsonphila and s!todrera In the assay of flours for ribo-

flavin, and in 19/i1 Trasnkel and Blewett and Rarton-Wrisht

made improverents In ¥och's metlzod with Tribelim confnsum,

Huwran stndies also have been condncted In an effort to

learn the human requirement,

In vitro experiments have paralleled the biolosical.
hiech of this earlv work was done in surope. warburc and
Christian (193%2) first isolated ervstallire rilboflavin, or
"flavine" as they called it, Vnuhn and warner-Jaurers (1933)
are crndlted with first notine its fluorescence. 7The sare
authors with Kaltschmitt (193!.) studied its distribution in
plants as "lumniflavin' bv mears of a photometer, Charite
and ¥hanstov (193)1) and Mirthy (19%7) measured the flavine
romtent of foodstuffs by a colorimetric comparison with
potassium dichromate, Cohen (1935) measured the fluorescence

of unltnown solutions with a selenium cell, Veilsghers and
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Levin (1937) comparsd the fluorescence of the unknown and
standards usin~ fluorescein as the standard. Von Euler
and idler (193L). Supplee, Ansbacher and Bender (1935),
and Thitnah, Kinnerth and Xrarmer (1937) made simllar
visual comparisons usins lactoflavin as the standard,
Von EBuler, Adler and Schlgtzer (193!1) used a carbon arc
lamp and blue rlass filters. Josephy and Cohen (both 193))
used filters also, Josevhv compmarinc his samples with fluo-
resceln, and Cohen with lactoflavin., Hand (1939) used =
uranium class cube callbrated with standard riboflavin
solutions, and estimated that with 1t, riboflavin present
in th~ amounts of one-tenth to four millierams per liter of
solution could be detected, vhereas the colorimetric pro-
cedure was accurate on solutions containin~ from four to
forty millirrams per liter. In 193%9, Hodson and Norris
described a method for use with foods by which the ribofla-
vin content was indirectly measured, and Sullivan and
Norris (1939) sousht to prevent the interference of impuri-
ties with 1licht absorption readints by reading the samples
on the photometer, redncing them with sodium hvposulfite
and readine arain, the difference in readincs bein~ taken
as the riboflavin value, Supplese, Fender and Jensen (19%9)
outlined a similar procedure and checked it by rat assay of
the adsorbates of samples., These methods have since been

modified by Ferrebee (1930) and Najjar (19L1) for use with



8
biolorical fluids, Conner and Straub (1941) have simplified
these methods and thelr procedure is in current use.
Muach of the work done on the extraction of flavins fron
samples was done br Gyoresy, ¥uhn and Wacner=-Jaure~ - (19510.
Von Euler, Adler and Karrer (193l) are responsible for the

beginning of work which showed all flavins to be riboflavin,

Experimentation on the microbiolorical assav of ribo-
flavin has been done for a large part in the Tnited States,
but a search of the literature indicates that the conception
of the need of microorranisms for riboflavin is due to
Warbury and Christian (193%), who discovered it in larce
amounts in veasts, lactic-acid and acetic acid bhacteria, and
believed that 1t was a cell oxidant for these orranisms,.
Little was done with this information until Srell and Strong
(1929, 1939) and Krauskopf, Snell and McCoy (1939) experi-
mented to find which of these groups of orrcanisms needed
riboflavin for growth, Four of the lactic-acid producers
and one Streptococcus exhibited poor growth in the absence
of riboflavin. Further research produced the method of
Snell and Strons (19329) now used,

Revisions of the method of extracting the samples and
removing of interferinm, growth-stimulating substances fol-
lowed, the first beineg sweested by ¥eeney and Strong (190),
Scott, Randall and Hessel (19)1), and Werner, Kemmerer and

“rans (19'2)., Andrews, Boyd and Terry (19!.2) found a
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material present in flour after digcestion and extraction
which did not contain riboflavin and which d4id not stimulate
crowth unless 1t was in the presence of riboflavin,
Baunernfeind, Sotier and Boruff (19h2) showed that some of the
stimulating materials were fatty acids, salts of fatty acilds
and alcohols. Stronr and Carpenter (19:2) revised the
original method of preparation of samplss, but there still 1is
need for improvement as their results with mixed food samples
varied as mich as eirht-tenths of a microcrram per gram of dry
sample,

Refore the microbiolorsical method of assay was sucrested
the bilolomical assay was used as a standard of comparison for
chemidal or fluoronetric determination. Since that time, and
due to a feeling that the blological assay is not quantitative,
the fluorometric assay has become the accepted standard.
Whether or not the microbiolocical assay will replace the
fluorometric assay as a standard procedure will depend on the
development of a more complete means of removings other growth-

stimulants from the sample,

Emmett and his co-workers (1941) have compared the
existinr standard procedures and have revorted "similar"
results on dried milk samples. Stron~ and Carpenter (19!:2)
consider the results of a like comparison of method to give
only a "fair degree of correlation". Andrews (1943) in his
roport of the committee on methods of analysis for 194,2-19!:3

belleves the microbiolorgical assay cives the most accurate
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analysis of the riboflavin content of foods, the fluorometric
assay to rive valnes of 87 per cent of the microbiolorical
value, end the biloclosrical assay to ~ive values of 81 rer
cent of the mlcroblolorical value in the assay of flours and

cereals,

*g far as Is known to the euthor, a cormrnarison of
assay methods on a mixed human diet has never been attempted.
This study has been undertaken for the purpose of comparing

the three standard methods of assavy on a mixed human diet,
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EYPTRIMENTAL PROCEDURE

The sarplss assayed by these three methois were the
three diets fed by Drewer and Inralls (19L)):# in the study
of human requiremsnt for rlboflavin, The diets were similar
in composition, but fluorometric analysis by Rrewer and
Inralls revealed that the threec diets varied somewhat in
riboflavin content,

The sampling and preparation of food for enalysls was
conducted as follows: as the food prevared for consumption
was weirhed, an additional portion was welrhed for assay
purposes. The food for each meal was combined into a
sinzle sample, mixed in a Warins blendor, acidified to a pH
of l;«5 with glacial acetic 2cid, dried to constant weight
at hOOC., ground, placed in amber bottles and stored until
assaved., In this study the food samples were mixed in the
orisinal proportions of breakfast, lunch and dinner as calcu-
lated from the moisture loss in the drying of each meal, and
equal amounts of all samples of the same diet mixed ard
stored 1n amher rottles, Samrles were protected from strongs
licht at all times, and all wei~hin~ and other procedures
were carrled out in semi-darkness,

The composition of the three dlets may be found in the
Avrvendix in Tabhle I, Calculations of food values were made

h=r "iss Brewer and l'iss Incalls,

# TIrpuhlished data from this laboratory.
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Piolorical Assay

e method of Zlark, Lechwcla and Cook (19,0) was
followed for the blolorical assay, usins twenty-four day
old albino rats cof tre Spra~ie-Dawlev strain. The rats
weipghed thirtr to forty-five crams when they were vplaced
on the basal diet, The dlet was similar to those recormended
by Sherman, ard by Clark, Lechycka and Cook (19L0), but had
an additional amount of fat as si1r7cested by Shaw and Phillips
(19!:1), and ¥annerinc, Lirton and Zlve jhem (1941). The
amount of fat used was the amoint shi~rested bv the latter
atnthors,

Facal Dilet

Cornstarch 50 %
Alcohol-axtrasted caseln 18
Crisco 26
Osborne and Mendel salt

mixture I
Cod 1iwver o1l 2
Yeast Surplement 645

All of the animals were given 50 microrrams of thiilamine
hvdrochloride daily throuchout the exveriment, It was planned
to ¢lve 150 milligrams of Rorden's rice polish factor a daw,
but as that company coi1ld not supply the rice polish factor,
the amount on hand was fed for the first five dayvs, during
which time a yeast supplement was prepared for the remainder
of tre faadir~ porio’, The wyrast sveplement was the same as
that ced iIn the microbiolo~ical assar method of Snell and
Strong (16329), erd was ~iven In amounts equivalent to 150

171111 ~veso of whole veast a dave 'The rats ate verr 1ittle
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of the veast supplement even when 1t wes given ocn snisar, so
it was iy’ vith the *agal dilet and baled in a hot oven,
with the heat tirned off, for ten minmtes, The‘supplement
was concentrated so that one milliliter of *he solution
nixed with ten ~rams of the basal diet surnlied 6.5 per cent
of whole veast to the dilet.

The rats were rlaced in Individnal caces with raised,
lJarre-mesh screen floors, and given the basal diet and dis-
tilled water, ad 1libitum. They were weiched twice weekly
until a weicht plateau was reached and maintained for a week,
or until thev lost welrht on two successlive welrhing davs.
This depletioh period was seventeen and eirhteen darys in
lencth, At thls time they were separated according to weight,
and placed on the experimental dlets with four males and four
females 1n each of nine dletary sroups. Each of ths thren
hnmaen diets was fed in amomts to surply 2.5, 3.75 and 5.0
micro-ra-s of rikhoflavin dailvy as calculated from the flnoro-
metric analysis., (Table I) UNerative and positive control
rats paralleled the experimental rats with four males and four
females in each croup. Negative controls received no further
sunplement. Poslitive controls were divided into three groups
of eisht animals and recrived 2.5, 3.75 and 5.0 microcrams of
pure riboflavin daily as a standard solution prepared by
dissolvinz pure riboflavin (llerck) in 0,02 N acetic acid to

coentain 100 microsrams per milliliter, and diluted to contailn

10 micro~rams per milliliter as needed,



The experirental psriod lasted twenty-eisht days. it
the end of that time the rats were chloroformed and one half
of each ~roun attovsied, All of the ne~ative controls were

antopsied.

Chemical Ascar U'sine the Fluoroscone

"he chemiral sssav method of Fodson and Norris (1939)
with modifications h»r Cenror and Stranb (19h1) wags folleowed,
Sarples of the trhree experimentel dists were wei~hed 1In
Aduplicate on tre analvtical balance and trarsferred gnanti-
tativelr to sber ~lass flesks, Fiftry milliliters of 0,0l N
sulfuric acid were added and the flasVs were weirhed, Fcod
semples were hydrolyzed on the water bath for one hour, cooled,
and the wei~ht adjusted to the weirht before hvdrolysise, Ten
milliliters of a solution contair*ne 0.C1 prems of taka-
diastase and 0,01 rrams of papain por milliliter were adingd,
and the flesks incutated over nicht at 3700. The enzymes
were inectivated by heatins the samples on the steam bath,
after which thre cooled samnles were filtered throich lio, 12
Whatmnn plested filter parer. Adscsorption columns of
pyridire-treated Florecsil were prerared and kept wet until
the samples had filtered. Then a twenty milliliter alianot
was adsorbed on the Florosil, washeAd sevefal times with
warm, distilled water, and eluted with thirty milliliters
of twentv per cent pvridire in two per cent acetic acid.

ire elnate was collected in fifty milliliter volurmetric
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flasks and made to volure. & fifteen milliliter aliquot was
pipetted into twenty-five milliliter volumetric flasks, and
one milliliter of fonur per cent potassivm permancanate solu-
tion added, This was mixed and allowed to stand for one
minute, then three milliliters of three per cent hydrosen
peroxide were adcded, the whole mixed and made to volume, A
reacent blank was provared durinc this process, starting
with the adsorption column, The standard riboflavin solution
containine 100 micrograms rer milliliter was diluted to contain
0.1 microxraﬁs mr milliliter, The fluoroscope (Lumetron)
was standardized with thils solution, corrected with the
reagent blank, and the samples read as per cent of 0,1
micrograris per milliliter,

This procedure was reveated on a second set of samples
except that these were autoclaved for fifteen minutes at
fifteen pounds of pressure in place of the hydrolysis period.
This was done to determine the effect of autoclaving of

samples on the fluorescence of the resnlting solutionse.

iicroblolorical 2ssay

The microbloclorical assay for riboflavin was that of
Snell and Stronc (1@595, ezcept that the samples were dirested
over ni~ht prior to assay to release protein and carbohvdrate-
tound riboflavin,

A pure culture of Lactobacillus caseiil was obtained

from the Experiment Station, Department of Agricultural
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Cremistry, kMichican State College, East Lansing, Michipan,
This organism was.carried as a stab culture in yeast arar,
and transferred every forty-eirht hours for eicht dayrs, at
which time 1t was used for the assay,.
The various ingredients were prevared according to

Snell and Stron~'s msethod (1939) except the cvstine and thre
veast surnplement. The method for preparine the latter is

from Stronr and Carpenter (19l2),

Crstine Solution
Crstine was suspended in a small amount of distilled
water and heated gently., Concentrated hvdrochloric acid was
added dropwise until the cwvstine was in solution. This was
cooled and made to volwie with distilled water, and stored
under toluene and chloroform in the refricerator. One milli-
liter of this solutlon contained one millicram of cwstine.
Snell and Strone (19%9) recommended usine cystine hydro-
chloride, but this i1s not readily soluble in water., The
method of preparation outlined above results in the same
solution, and is more easily prevared,
The medium for fifty assay tubes contains:
50 ml. of photolvzed, NaOll-treated peptone
50 ml, of Cyrstine solution
10 m?, of veast surplement
5 wrams of anhydrous, C.P. glucose
2.5 ml, of salt solution A
2.5 ml, of salt solution B

These were mixed and the pll adjusted to 6.6 = 6.8 with sodium

hrdroxide, ..fter the solutlon was dilnted to 250 milliliters
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five milliliters were pipetted 1Into each of fifty standard
bore test tubes. <This medium is of double strength to allow
for dilution by the addition of samples. An aliocuot of
riboflavin-contalning extract was added, end distilled water
to make each tube to a volume of ten milliliters. The tubes
were plurred with cotton and sterilized In the auntoclave at
fifteen pouniz of pressure for fifteen minutes., i’hen they
had cooled, they were inrnoculated and incubated.

The innoculum was prepared by the method of Snell and
Stron~ (1939), and one drop in a sterile standard four

millimeter innoculatines loop was used to seed each tube.

Samples of the three experimental diets were prevared
for assay as followe: 0.0h N sulfuaric aéid was added so
that each milliliter o solution wonld contain arproximatelyw
0.1 microrram of riboflavin as calculated from the results
of the fluorometric assay. The samples were autoclaved for
fifteen minntes at fifteen pounds of pressure., ihen they
had cooled, ten milliliters of a solution contalning 0.1
srams of each of takadiastase and vpapain were added, and
the savples incubated over ni~ht. Since riboflavin is
found in foods combined withc ereals and protein, and since
all of these diets contained cereals, e~ and meat, thils
dipgestion period was considered necessary., Enzwvme action
was stopped by heatines the samples on the steam bath for
five minutes, and the pHd adjusted to 6.6 - 6.8 with W NaCH

solntion., After filterines throush No. 12 Whatman pleated
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'_l

filter paner, the samples were restored to their orisinal
volume with distilled water, Aliguots then were pipetted
into tubes containine the bassl mediwm, made to a volume of
ten milliliters, and sterilized in the autoclave, Nine sets
of triplicate tubes were prevared, and each of the three
diets was samples in amounts ~iving an estimated 0.05, 0,15
ard 0,25 microsrans of riboflavin, With each assay, dupli-
cate standard tubes were set up containing 0.0, 0.05, 0,075,
0.1, 0.1%5, 0.2, 0.3 ard 0,5 micrograms of pure riboflavin
per tnbe, All of the tubes were innoculated as descriked
above, and incubated for 2!!, I8 and 72 hours at 3708.

(Table ITI).

"Men the inenbhation time was finished, the contents of
the tubes were transferred to Erlemmeyer flasks, the tubes
washed with ten to twenty milliliters of distilled water, and
titrated with 0.1 M. sodium hydroxide (evrproximately) to a
pll of 7.0, using Brom Thymol “lue as an indicator and a color
comparison flask, The indicator was added to the flasks

before the ceomlos were transferred,
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PESHTTS AMND DISTUSSION

™he results of the biolocical assay of the'three
ervperimental diets are recorded in Tahles I and ITI. A standard
curve was constructed from the total averare weirht cainsg of
the control animals, but the rise of this curve was not great
enourh to allow for calculatine the riboflavin content of the
experimental diets from the rains in weirht made by the
animals on these diets. It was not considered lorical to
extend the standard curve because all of the weirht rains
of the arimals on the exrerimental dlets were ahove the
hichest welrht ~ain on a rure riboflavin surplement. Thus
the experi mental diets seemed to contain much more ribceflavin
than was found bty fluorometric assave Tt 1is unlikely that the
fluorometric analvsis was this inarcurate, and the discrepancy
in weisht rains must be explained as due to other substances
in the experirental diets which were crowth-prorotine in the
rat, or to an inadeanacy in the basal diet. Since the rise
of the standard curve was less than that reported in the liter-
ature, the latter seems the rore likely explanetion althouch
this same diet has been used successfully by Shaw and Pnl1llips
(19141) and by lannerings, Lipton and Elve jhem (19L1). However
even 1f a standard cnrve of the usual rise were used, the
wvelrht ~aing of the animals on the cxperimental diets far
exceed those of control arimals except on the hirhest concen-

tration of riboflavine. The cmallsst ~a8in in weisht on the
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experimental diets, the 2.5 microrram level of Diet IIT,
would then correspond to the hichest rcain in weicht on the
control diet.

Plate T shows the total avera e rains in wei~ht for
each group. It will be noted that th= ~a'ns in weirht on
each diet were well separated for each amount of riboflavin
fed,

On autopsy five of the nerative control animals had
vellow edred livers, and all had mottled livers. There
was no hody fat on these animals, and they were less mature
gsexnally than any of th~ other rroups; the testes in the
males were smaller arnd there was no follicular development
in the females., The three grwuvs of positive controls were
much the same, the amoint of body fat corresponding to the
riboflavin intalrte, All of the positive controls had
mottled livers, b1t none showed vellowing., Tecstes in male
rats were larrer, and the ovarli~ss were faintly pinlkks The

‘ree experimental diets were cormperable,

P

animals on the t
These rats also had stores of body flat corresponding to the
surplement intake. There were no yellow livers, and mott-
ling appeared only on the lowest amount of diet fed, Testes
were correspondinmly larcer, and all of the feriales on the
five micro~ram level of riboflavin intske iIn the Adlets
snowed mature follicles., The externgl arrcarancz of all of
the animals was mich the same, except that the nerative

contrnl rats had less »alr and this was matted with oil.
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These results are not onantitative, but they do corro-
berate the findings of Shaw and Phillins (191) with regard
to the effect of aribollavirosis on the reprodictive ormans.
They wonld seem to indicate that riboflavin 1s intimstely
concerned In fat metabolism and storare, as l"annsrinc,

Linton and Elve jhernn (19.1) affirmed,

themlcal Assay Using the FD

pon

oroscore

T™ere were two sets of samples for thils assay, one was
hvdrolvzed to release the ribhoflavin and the other was anto-
claved, The resnlts are fomd in Tanle ITIT., Autoclavins of
sarinles in nlace of hydrolyzin~ them had little effect on
the regst:lts of the fliorometric assav., The difference was
gli~ht ir 211 but Dist ITT, in wnich antorlaved samples rave
readines of 117 per cent of the hydrolvzed samples. Since
autoclavinm annarently made only a small difference, the
valnaes of the hyvdrolvzed samples were taken as a basis of
comparison of fluorometrlic valines with the vales of the

microbiolorical method,

lL.lcroblolorical Assay
Diet samplss assaved by the microblolorical method of
Snell ard Stronc (193%9) and Stronm and CTarpenter (192)
indiza*ed that the twenty-four hour incnbhation peoriod was
inadenate and rave mislecadin~ results. (Table IV) Forty-
eirht and szventy-two hours of incubation ~ave re=nlts rmore

nearly like the standard curves, and comnared more closely
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with the fluorometric assay. <he correlation also was
closer between the forty-ei~ht hour standards and samples,
than between samples wich had been incubated for seventyv-
two honrs. Stronr and Carpenter (19L2) believe that the
seventr-two honr incnbation period sives the most acecurate
resnlts, but as this did not appear to be true of these
samples, all comparisons were made with trhe riboflavin
values of samples which had been incntated for forty-eirht
hours. (Tablse V),

Standard curves were constructed for each of the incuba-
tion periods, and the riboflavin values of the samples were

calcilated from them. (Plates TII, III, IV).

The results of the three methods of assay are coriplled
In Tables V and VI. If the microblolor~ical assay resualts are
taken as the true riboflavin values of the samples, the
fluorometric assar values are thirty-four to one hundred and
five per cent hicher, and the hiolo~ical assay values wonld
be two hundred and thirty-one to three hindred and sixtv-
seven por cent hi-her,

The estimated riboflavin values calculated from the
microbiolo~ical assay of each of the three diets indicate
that there 1s little basis for comparine the three mothoils
of assay when a “ood mixture 1s tested., The present methods
of assay arparently are not accurate enouch for use when a

lar~s number of foodstuffs are present,
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Pegults of Fluorometrie issay
] Welpht ;Q r |
' Diet! of | Lumetron readincs | Gamma Riboflavin/ |Diffen
samvle ! cram ence
irams i“ntroated Anutoclaved ”ntreateilAutoclaveﬂlér
Tant
T 5 22 73 1.6 1.65 $3.1
L
|
( TI 5 28 2745 1.t 1.375 -1.9
[}
TII 5 z0 5.5 1.9 2.225 $17.0
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TLULE OV

Comnarison of Values for Riboflavin

in Diets from

lilcrobiolonical, Fluororetric and Iiolorical

Microhiolorical

Results

Tlnorometric

Ttolorical

Diet seay valne aasaT  valne assay valne
Camma[gram Gﬂmma/@ram Gamma/bram
I 0.775 1.40 2,5
| II 0.39 1.0 2.8
|
! N
| TII 1.1 1.70 2,66
|




TABLE VI

Results of :

iiicrobiolorical, Iluorometric and Biolorical
fssays
Riboflavin
calculated | Microblologl- | Fluorometric |[Biolosical
Diet from micro-{ cal assayst assay:t assayit
blological
assay
I 0.775 100 % 205 % 167 4
IT 0.89 100 156 23]
TIT 1.1 100 13l z5),

In per cent of llicrobiologlical assay results.




SUKINARY AnD CCOCLUSICKNS



CTTMITARTOAND COTISLITSTONS

“lien albino ratsg, which tad been depleted of thelr

rivoflavin stores as indicated by weicrnht plateaus, were fed
the three exrerimental mixed hirian dlets, thelr welisht ains

fer exceeded thone of ~ntc on the hanel Atet plis pure ribo-
flavin, It 1= felt that ecrowth-stimletin~ s'ihstances other
than ritoflavin were pre~ent in the exper'mental diets

which prevented an accurete determination of the riboflavin
value of the diets, ard also that the basal diet Jdid not
vermlt normal ~rowith and develorrert,

Autopsy revealed that the animals on the experimental
dlets had bet*er develored reprcoductive orcans than the
control an'mals, and the positlve contrels showed better
development than the nerative controls., The amount of bhody
fat was directly related to the amount of riboflavir fed,
but all of the animals riven the erperimentel diets had
largrer fat deposlts than the control animals, Nost of the
necetive controls had vellow-edred livers, and all had
rottled livers, as did all of *he vositive controls and the

experimental animals fed the smellest amointe cof the three

diets,

Autoclavine the focd asmnlecs before determining the
riboflavin value fluorometrically rave vslues of =1.79 to

+ 17.C p2r cent of the hvdrolized samples. ¥rom these



Zh
results it is indicated that the sibstances cavsine inter-
ference with readin—-s o0 fluorescencs are not re~oved by
autoclavinc,

A forty-eirht hour incubation period for food samples
by the microbiolozical assay resnlted in values for ribo-
flavirn which were more closely related to the standard
curve and to the fluorcometrlc assay values than the resnlts

obteained by seventy-tvwo hours of incubation,

The results of +the flnorometric acssar were thirty-four
to one hurdred and five peor cent hi-her than the microblolog-
ical assay values, and the biolo~ical assay values ware two
hundred and thirtwy-one to three hurdred erd sixty-seven
per cert hi~her, Sincec 1t 1s unlikelw that any of the
methods 1s as 1iraccurate as thils cowmparison woild indicnte,

a detalled study of the materials which canse variaztion in
fluorescence and a means of removincs crowth-stimulants for
the biolorical and microhiolorical assays are necessary
before any comparison of these methods of assay of a mixed
diet for riboflavin can he useful, Due to a larze number

of unlmnowns in a mixed diet, and to irnorance of the mannrer
in which they m2 operate as stimulants or interferents,

the present assay methods do not rive comparahle results,



BIELIOGFAFIY



PBIBLIOGRAPHY

"ndrews, John S.,, Rowvd, Harold !,, and Terry, David E, 10l 2,
Riboflavin Analysis of fereals; Arvlication of the
Fierobiolo~ical lethod., Ind. inre Chem., Anal., Ed, 1h:
271-271.

Andrews, John S. 19""2, keport of the 19L2-1Gl'3 Methods of
Aralvsis S@mhcomittee orn Rihoflavin Assav, I, Cerecnl
Crem, 20:61%-625,

Arnold, A., Linsunis, S.T., and “reene, D.J. 19L41. Ribo-
flavin Determination by the Mlcrobiolorical Method,.
Tcod Rese. 6:39-1%,

Rarton-Wrirht, E,. 19L13 Flour and tre ~rowth of Tritolium,.
Neture 1118:565-506,

kanernfeind, J.”., Sotier, A,Tl., ard Boruff, C.S. 19,2,
n=owth Stimulants in the litcrobiolovical asssay for
Riboflavin and Pantothenic Acid. Ind. Zne. Chem, Anal,

Ed. 1l1:€66-€69,

Frewer, Wilma D. and Inralls, Ruth L. 194)i. {npublished
data),

93);, The Hstimation of
.?. Acad, Sci. %2:388-390,
93!-1935)

Chick, H., and Roscoe, M. H. 1928, The Effect Upron Youns
Rats of Vitamin B, Deficiency and a lethod for the
Riolorical Assay Sf Vitemin Bye Riochem. Jr. 22:790-98.

Crharite, A.J. and Khaustov, N.W. 1
Mlavines in Animal Ti -sues. C
(Mutri, Abs. and Rev. l:505, 1

Clark, M.F., Lechwcka, M. and Cook, C.A. 19,0, BRiolorical
Assay of Riboflavin. Jr. Nutrition, 20:133-1lJ,

Cohen, F.7, 193, A Sirple Fluoroscove Especiallv for the
Aszsay of Vitamin Bse. cta. brev. neerland. h:hé-h?.
(Mutri. Abs. and Rev. L1:505, 1931;-1935)

Cohen, F.H. 1935, A Simple Apparatus for Objective
Fluorescence Lieasurement by lleans of a Selenium Cell,
Rec. Trav, chim, Pavs-Pas 5l;:133, (T'utri., Abs, ard
Reve 5:0119, 1935-.103%6)

Conror, R.T. and Stranb, G.J. 191. Combined Determiration
of Ritoflavin in Food Products., Ind. Eng. Chem., Anal.,
Ed. 13:365-288,



74

Doy, Ponl T, a7, oxtractabilits of Vitanmin ¢ (Rg) from
Yeast b varilois Aceton-7ater and lkethvl-Alcohol=Viater
ixturese. Jr. Amer. Chem, Soc. 5A:R2-'5),

pDav, Panl T, 193/, Vitanin & Deficiencwy. Amer., .T», Poblic
Henalth, ?Lohoz-éoQ

Trmmett o ALD,, Pird, 0D,, Rrown, R.A,, Peacocls, 7. and
Vandenbel*, J.4. 19L1. “he Determination of Ribo-
flavin, A Comparison of Rioassay, Microbiolo-ical arA
Pluorometric. Ind, bne, Chem,, sral, B1. 13:219-212,

Euler, H.v., and Adler, E., 197/, Flavines in finiral
Ti~enes, Ztschr, F, Phrslol. Chem, 223%:105-112, (lutri,
Abs, and Peve D41, 193L-1935),

e Tlavines =and

Euler, H, v., Karrer, P., and Adler, E, 193
N 2. pe b0 (TmEri,-

9
»e Ark, Feml, Iin, “eol. 113: Vo, 3
Bs, and Rav, 112286, 192):-1935).

Euler, H. v., and adler, E,, and Schl®tzer, A, 193],
Dﬁs+”ibn+ion of honnd and *ree Flavines 1ir Plarts,
7tschr., f. phvsiol, Chem, 22A:R7-9l;, (Nutri, Abs. and
Rev, b-509, 19%/1-1935).

Teenewv, R.E, and Stron~, F.,i, 190, The Mcrobiolo~iral
Netermination of Riboflavin, JTr, Piol, Chem. 133:

Ferrebee, Joseph W. 1910, %The Urinary Excretion of Ribho-
flavin. I"luorometric llethods for its Bstimation, Jr,
Clin. Invests. 19:251-260.

Tpaenkel, 4. and 3lawett, M, 191, Deficiencyv of Mite
Tlonr in Kiboflavin (Tested with the Flour Bestle,
Trivolium confuswum). Nature 17:716-717.

Gy¥reoy, P., Kuhn, R., and Warner-Jaureo~, T, 193);, Prepara-
tion of Vitamin By Concentrates. Ztachr. f. physiol.
Chem, 223:27-35, (Nutri. Abs, and Rev, 11257, 193!=
1935).

cytrry, Po, ¥ihn, R., ad Wﬁ“ner-TQW”°”", T. 192Li, Flavines
and Flavonrotein« as Vitamin Bo., Ztschr. f. physiol.
Chem, 223%:2L1-2l};, (Nutri. Abs. and Rev. L2286, 193)-
1935).

Hand, David ?, 1939, Determination of Riboflavin in Milk by
Photoelectric Fluoroescence llesasnrements, Ind. Ing,
Tem,, fnal. Ed.  11:306-309,



‘N
-J

Hodson, A.,Z. and Norris, L.%. 1939, A Fluorometric I'sthod
0f Determinin~ the Riboflavin Content of Foodstuffs,
Jr. Biol. Chem. 1%1:621-630

Josephy, B. 193L., The Quantatitive Estimation of Vitamin
B, br lleans of Fluorescence., Acta brev. neerland,
LTha<li9, (Nutri. Abs. and Rev. l1:9L9, 193)-1935),

Jukes, T.H. 1937, The Blolorical Assay o© Lactoflavin with
Chicks. Jr. Nutri. 11:223-233,

Xoch, A, 12!:0, Growth Substances in Yeast, Naturwissen-
"sehaften 29: 2h-27. (Nutri. Abs. and Rev, 11:56L, 19)2-
1943).

Yrauskopf, E.J., Srell, E.E, and licCcy, E, 1929, Growth
FFactors for “Pacteria II. A 8urvey of the Pantothenic
"r1d and Riboflavin Rean!rements of Vgrious Groups of
Bacteria, Enzymolor~la 7:327-330,

Yuhn, R. and Viacner-Jaurer~, T, 1935, Flavines isolated
from E~~» White and kilk, Ier, d. deutsch., Chem,
Tecsellsch, 6/-7R7v 1582, 1932, (Nut. Ahs. and Rav,
%2:992, 19%%-173] )

Kiuhn, R., ¥altschmitt, H, and ¥a -ner-Jaurer~, T, 193,
The Digtribution of rlavines in Plants. Ler, deutsch
Chem, Ges. 67:1,52-1l57. (Nutri. Abs. and Rev. L :509,
19314-1935).

lannerins, G.J., Linton, M.A. and Elveihem, C.4, 191,
The Relation of Uletqvv Fat to Pthoflqvin Reanirerment
of “rowins Rats, Proc. Soc. Exntl, Biol. Fed. li6:100-
]..OH )

Morsan, A.F., Cook, R,P. and Davison, ¥.3, 1938, Vitamin
Deficiencies as iffected by Dietary Carbohydrate., Jr,.
Mutri, 15:27-,%,

Yurthy, G.M. 1937, A Chemical Yethod for the Estimation
of Flavine in Foodstuffs. Ind, Jr., lled. ttes, 2):108%2-
1092, (Nutri. Abs. and Rev, 7:330, 1937-1938),

Najjar, Victor A. 19L1. *he Fluorometric Destermination of
Riboflavin in Urine ard Other Biolo-ical l'aterials,
Jr, Blol, chem., 1l1:355-36l,

Peterson, V.J., Rrady, D.T., and Shaw, A.0. 19L3, The
Fluorometric Determination of Riboflavin in Pork
Productse. Ind. BEnr. Chem., Anal, Bd., 15:63l-636,



2D

S~numacher, AR, and Peuser, M.F., 1910, *iboflavin Content
of Vensts Determined Photometrically and Blologically.
Ind. Eng. Chen., Anal, Ed, 12:203-20l,

Scott, M.L., Randall, F.E,, and Hessel, F,4, 19l:11. A
lModification of the Snell and Stronc Microbiclo-ical
Method for NDeterminine Rihoflavin., Jr. Eiol., Chem,
1,1:225-%26., (Letters to the Editor).

Shaw, J.H. and Phillips, P.A., 1941, The Patholory of
Ribtoflavin Deficiency in the Rat. Jr. Nutri. 22:%3)5-
358,

Sherman, H.,C. The “hemist»y of b'ooﬁrs.__gaxﬁd Mtrition, 5th ed,
New York City. The liaclillan Lo, 1937,

Snell, E.Z, and Stron~. F.is 1939, The Effect of Riboflavin
and Certain Synthetic Flavins on the Growth of Lactic
Acid Bacteria, &Enzymologla 6:186-193,

Street, H,R. and Cowr1ll, G,R, 1939, Acute Riboflavin
Deficiency in the Doz. Amer. Jr. Physiol. 125:%2%-%3],

Street, H.R. 19,1. Studies on the Rat Crowth issay HMethod
for Riboflavin., Jr. Nmtri. 22:%99-/,00,

Strone, F.il., Earle, Ann, and Zeman, R, 19Lh1. ‘lhe
Distribution and Stability of Riboflavin and Pantothenic
Acid in Biolorical Materials. Jr. Biol. Chem. 1/;0:
proc. cxxviii,

Strong, F.M., and Carpenter; L.E, 19,2, The Preparation of
Samplaes for the WMicrobiolorical Determination of
Riboflavin. Ind. Eng. Chem., snal, Ed. 3/5-%50,

Sullivan, Rowval A, and Norris, L,C. 1939, Determining the
Riboflavin in Dried Milk Products. Ind. £nq. Chenm.,
Anal, Ed. 11:53%5-5!0,

Supplee, G.C., Ansbacher, S. and BEender, R.C. 1935, The
Fluorometric Estimation of Lactoflavin, Jr. Eiol. Chem,
110:3%65. ~

Supplee, G.C.,, Render, R.C, and Jensen, 0.0, 1939,
Determninines Riboflavin, A Fluorometric and a Biolorical
llethod. Ind. Ens. Chem., Anal, Ed. 11:/195.

Sure, Barnett, Dichek, M., and Citron, M.M. 1941. Riboflavin
as a Factor in the Fconomy of food Utilization, I and II.
T

da, Imtri, 21:153-460, and 22:295-%201.



2D

Sure, "arnett, and Ford, Zenas W., Jr., 19'.2, Vitamin
Interrelationships 77, Thiamin and Riboflavin Inter=-
relationshin in lLietabolism. Jr. Riol., Chem. 1li6:2l1-

250,

Van Dnuwme, F,0, 191, A llethod of Unt@wm ‘nation in Vitr
of Rihoflavin in Tissues. Jr, Biol. Chem. 139:207-218.

Varner, J.R., Axelrod, A,7,, Livnton, M,A., ard "lve ihen,
C.A, WQfO A Rl* Agseavw tathod for the D=termination
of Riboflavin., Jr, Blol, Chem., 135:357-3265,

Warbure, 0, and Shristian, W, 1933, ™e Vellow Oxidizing
tnzwvme, *iochem, Ztschr, 258:106-1193, (Mmtr, Abs.

and Reve 3193, 1933-193L).

vaner, 11.I., ¥eerer, A,R, and T'raps, 2.5, 1912, The
Influence of [l2thod of Prenarstion of Samnle on the
"{erobiolorical Assar for Rihoflavin, Jr. Bicl, Chem.
16251 7-551,

Welsbers, S./1. and Levin, T, 19%7, The Estimation of
Riboflavin., 4 Simple Fluorescent Method., Ird, Enc,
Maem,, Anal., B4, 9:52%,

Whitnah, C,H,, ¥innerth, B.L. a~d Kramer, k,l, 1937, A
Ranid iethol for the Drtermination of Tactoflavin in
11z, Jre Amsr. Chem. Soce 59:1153-115l.

Zimmerman, H.'1. and Furack, E. 193!, Studiss on the
"aryvols Svstem In Deficlency Diseases II. Ieslons
Produced in Dors by Diets Lecking *n the Water-Soluble,

Ysat-3table Vitamin B, (7)e Jr. Exp. led. 52:21-3),



APPENLIX



0 0 0 0 0 0 91 71 ‘L1 uT3eTen
- g0 | ¢ + 0 8 §°3CT LT ‘I3 SHNU M3YSL)
eomrY ¢
6 $v0°* | svO* 0§ 9L° T2 7 80T 0LT saAT®y 2 sdycda| &
=
- [¢]
0 L90* | © o} ol 3°1 8°1S 8T °5 ¢ L113r| &
- - - 0s§ g0* 3 2°S6 eT ‘I T 19330y
-- 830° | 830° - 9z° CT 2°S0T of SOTE 2 psadg
0 891°0f 3L0° 034 92 623 1°3L Ly 1 834
8T p0* | 270° 089 ge* 8 9°81 c8 *0 £ §303<u0],
0 0 60C* 0 q2* 82 3°.L6 00T *0 ¥/¢ 301y
0 L90° | 0 0 50° ST 9°18 8T I < £1T8r
0 o} e 053 20° 2 2°S6 ST ‘I 1 193303
- pTO® | #TC* - 81°( S 9°33 03 90T 1 p=adg E
(]
- i - - -- 25 T ‘L1 Te503 | m
w
T 630°0 8IC*0 o2 0T°(q 0S 6°SCT 18 R »3°8T| &
Emmho
- ¢T10°0} 220°C cs T9°C 02 3°16 623 4 sa3e(
- pg0* | ¢T11°0 - LT 9L°¥ 69°6. SeT *0 & *34 Paxo0d)
euTJIR]
1¢ 8co* | eso* 9T 91" 8 LS 6. 0 ¢/1 | 3Tnagausan
‘sap | s *sap | cedy I “s 5y *s5p *sup :
PTOV T uTART] utw weqT uoay umioT=. | S9TI0T:«n | IYSTa . | 9anssap pooJd
21qI00s . -0qTy | -8TYJ,

I J4IQ NI 33004 A0 NOILI=O0c¥O0D




§90:d3 UT ATUO 4ng QuasaJa +
uaouy qou 0
quUssaIa duou  --

Ts CT°2T | 91T1°T| 398° S05s 83°0T| 18.° T°192 peTer2 ST830]
- S3° s10* | 31C° ce2 cT® 330" ¥ 8°€0T 83 g S9T00)
£P-1¢IN
g ¢9°* 8z0* | ¥20° 06 g7* p1C* 0t 3°681 931 *0 % sonss
-91aay
o
-~ Tu
0 c L30° c 0 T C g 9°20T | 9¢ ‘L1 L1180 | B
(V]
o]
0 0 0 0 0CTT 9c* yce* 4 9°ceT 92 °L 2 I9q3ng
- 93° 6C° | 830° - 92 ovc* 01 g°50T (0} S9OTTS 3 peadyg
0T T 3L0° | 390° cCs 0s* 40 LS 3°82 L9 ‘0 8Us3q Ud3IY
L 3v°1 3L0° | T2T° 372 01°T 790° 7T 1°¢0T 03T aBasT T 03830¢
- 9°9 033° 3T 0g ST°2 6LT°C 2T 8°3%T 88 fed T | Je93q punoday
ST SR *SE ) csEp [ AT Y | cs&r| csE "Sa *swp
PTOY uTosTN | uTASTH utw UTw33TA UOIT| snaoyc |unioTsn | §9TIOTED | FUSTS. | sansesy pood Tesp
0TqI008Y -0qTy -BTY} -soud

(°*ILt0D) I IAIQ ¢

27IC04 Ao NOILISOJIROT




§90%J3 ul ATuc jny jue

35dg ¢

WACUY 40} 0

JUSSAI g SUOH

38 21T 1C°T| 644 67y 986°0T1 3L6° L°LS3 70212 ST=3C]
) - o T
| 0 - g1e’ 250° 0s 19° 200" 03 g9°16 63 4 S938d |
9Y=d i
G - ecc* s10° 0s 0 230 e 9*LLT Ccs 3XeXe OMESITAGY |
-~ ~ ' ﬂ.
| 0 0 L30° 0 0 sC* ¢ ST 8°1g 8T L A11°p ! %
i T
_. 0 _ 0 o | o | oss 26" 200" 2 §°g6 g1 1T Ie3ng . B
- ” 3° “ 83¢° | §30° - 92° rO° CT £°S0T 0)4 SOTTS g _ peady
* . _
A (IR | 3LC° . 1z21° 374 1°'1 79C* Pl 1°2C1T Ce1 92d:iT T f 03+30g
ey T83s SLeduGS .
(0)8 - 50° 3sC* Ccs2 g 9350° CT 1°2T 09 9 pautic)
- 9 e _ CsT* i 0% S1°2 VAN 3T 6°GP1 88 ! 8){u0 T | Jeeg punouy !
S _ R S s
o o | o 0 C 0 0 0 o1 3 g ¢ uT}eTsL
_ ! sany
i - - . é20° t 1 c 330° g 8°3CT LT *La ! MAYSIE(
_
“ 0 g20° r\_ go1* 3L0° C3. 92°1 SC1* 63 1°54 Ly T wwuw
r= D e e e R e e R =t T
*Scly , *S5K m sséy | es&u| cnt1 v | s ssr| sy *sup : .
pIoY UTOGTN | UTA=TJ UTW | UTW=9TA uoayT sntoyd wnyoy.~ S8TJOT:"! QYSTO,| eanstal PCOA o CEM
0TQJI00S b -oqTq] -®TU -S0y4 w

(*INC2) II IdIa

NI SACCJ JC NCOILISOGK.Co




L — + + gg2 L3°0) L30° ¢ 2°36 33T | oMLl ¢ mmﬂhpmgo_
*0 £ | eury Tedoy _
!
0 ¢ s1C* 7301 0.3 ov* 250° ¥T ., P°0ST 8¢ 3 mwﬂcsogm~ o
)
0 0 L90° 0 0 0 30°  138°T 8° 18 81 L ¢ Auter | 8
| ’
0 c 0 c 04$ gc* 3cee 2 p*56 ST ‘LT I933ng |
_ H
- 94 83C* g301 -- 9g* 70° 0t 2°50T ov S9OTTS 3 peady
Mod
31 0 80C* ey s yT° 10 |3*¢1 1al4 03 ATe3s 1 .mpoamo_
~ |d1ny ¢
iARA y2* 1¢0° L3CY  e3s L8° y eco’ L°g al 39 o 1 0360, *
)
0 53°3 0 o | o gv * | 350° 8 021 CCT | 0 ¥/2 T33Oy bt :
i . 2
) ' R | '
0 C Loc* o ! o 50 0 18T 8° 1S M 8T ! °I¢ L1181 | m
] |
] '
- -- ~ - - - - - - m et ‘1T Is03 m
] ] ‘
1 o ! asc 8TC* |  0%9 ct* | ego” oS SCT 13 o d b3 oT |
. _ Wwzadl g _
" . . | ?
C C c {0 | 0ss ¢c* | 3ce” 3 AT T | LT m nmppsc~ 5
| | »
- 2T v1C* p10° - 5T° 30°0 g 79° 25 03 90TTS T pa3ag s < _
_ ﬂ
- 0 83C° 73C* -- ¢3°T ' 6eC* 1T LT Y L3 3OO | 363U, m _
-s1q T peppaay; | m
|
184 - o1 6.4C* 12 12° L10° 0t 6v LT |0 € soTnp |
FTOIIIABIL |
| | _
Coaon < Coqge « <. —‘ < i
*SZj *SSK *Ssh Sl NI Y *sSzi *scy *s3y *sun ) _
PTOy | UTOBTN{ UTASTJI uTu| uTwe3TA | uoal.{ snzoyd | EMIOT5){ SITIOT:D | FUSTo. | 9ans:ay. pood Tedyr |
01q.1098y -oqry | -3Tyg! -soyd . , m
i ] - —i

TT IATA HT 37C0J A0 NOTLIANCZEOD



0 0 0 0 0 0 0 0- 0°8 3 ‘3 £ uTye1ey
- - 320°0 | ¢ t 0 380°C |C0°8 8°3CT LT L2 8L MAYS €]
0 0 SS0°0 {9%0°0 | LC°SLT | 396°0 |1620°C |80°¢2 ¢° .91 0s 2 saeg 9%e]
saAT] 2 pauus) ...m;
2 ¥1°0 4 g0 - 63°0 | 910°0 1 9°.L9 00T POl 2 sI53d| 8
0 0 L90°0 | O 0 $0°C 0 S°1 g°1s 81 ‘L ¥ £11er
0 0 0 0 0ss | go*e 20°0! 0°2 2°96 eT ‘LT I933ng
-- 30° 830°0 [830°0 | -- g2°0 | 0%0°C} 0°01 3°50T o¥ SVTS 3 peddy
8°0 €3°0 §10°0 { 20°0 339 g1°0 | 80C*0] 1°6 L°8 02 ‘pauw ¢/T |SCTJ}S FOLIsL
- ¥0°0 89T°0 | 3L0°0 c2L 9g°T | sCT°0] C*62 6°¢L LY T 584
- - 8000 | 8C0°0 | == $3°0 | S¥T0° |86°0 187 8 0TS T uoowg
0 0 L90° 0 0 S0°0 c' | s'1 8° 1S 8T L g L1180
o | o 0 0 0SS 20°C | 200° ] $°36 T ‘I 1 J9qq0g
oo}
H
-- g1°o ¥10°0 | #T0°0| =-- 8T°0 20° g 9°29 02 90TTS H_ peaag: 9
£,
H
- -- - - - - - - 239 eT ‘LT Jeangl 2
ct+
1 0 6:0°0 | 5TC°0| ©%9 otec | 620° | 0°0S S0T 15 o 1 »5° 6T Weda)
0 669°2 0 0 0 Te*T| #eT° | #°91 3ST o¥ *2 3/1 sjnuaG eIy
0T
§§ - S16°C | 301°0 62 83°0( €20° At ¥9° L3T o0 £ FTAIFOQEIY
‘SEK | °s3K *SEK | csEv| *p°I Y| °s<h SN “San *swh
PTOi UTO3TN | UTAETT Utw } uTw=s3TA| Uucx]l snIoyf untolL0| SeTIoTs)| Jyste | suanscop pocd Ts9K
9TqI00s} -oqTy | -BTYUL -soug g
TTT TTTT MT M I0 NS T LT2ATINON




z8 2T°2T | <©8° | 60°T | #8338 [ %°aT; 2G6° | 323 3LcT| TVIOL
- N 1 S
o | O | e1ct  GTu* | 003 T 1 ¢10° | % 60T N ¢ | S834007
| | | “ : I8 L7
| ! : “ . _ _ . Lo
2z 0 - 430° eeGtrea et A O | IT ! G4 | 07 _ eotuf ! _
| | | | | m : | I g | 1isi4n0y
" _ | . u Poofro 3Taas
m _ “ ' ; : ! | _
0 m c | o0 o ' o S I A I A A £ o1 m Lo Atter
| | i w . _ “
o 1 0 o ¢ 033 200 3000 5 |e°g6 AR AR SRR
| " d . Lo
. [®) A J L] ] . ~ ~ e s _ - 3 1 I._ e
-] 92 c30° |, @3yt -- o1, [ig8) 0T 12°90T 0% [99ITS g EEERTS
| . 1 H i 3
| i ! [ { ! -
S e ; o , 12} . : ~ . ! . ~ Al ! 3 < 3 H 2
& | 13T | €0° ' TI2T* 008  9F° | OTT 9 LB LB L 0% uzod 8
_ ! ! pauuBy
L byt | g0t tErt gy TCT| $90° | PT |T020T 03T =11 018307
0 9*9 2z* a1t | o2 2T e | 6LT°C| 3T |<°2%1 03 143383 T Foeq
! | DU0Jdy
! i
0 0 o | 0 O | 306° 0 3T 36 cgty *° % S0T]
_ _ ! uULIT
g..U Sl 5 .1l 5 il *oCT | sUld S.cul S« W SW.
PTOoY UtgsTI| upm YV ugus saJoydfwnido| ss81d
OF41008Y| UTOBTN | =C4T.I| =8 (] [-BJT;, |UOJIT [ -SO{J|-TB;|-0TBD|34U. Toy |18 P00 J =R

(*3U00) TTT ITTT NI €005 ) rUTITONT NG










R

MICHIGAN STATE UNIVERSITY LIBR

i

31 3

ARIES




