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INTRODUCTORY




Vhen l1listing greens for e apécial dlet, the
generel custom 1s to name spinach. Txperimenters
have used spinach in uveteiminirg the vitemin content
of a .reen,

Theore 1s a groeen on the market known as kale, which
1s preferred by meny becsuse of lts more palateble
flavor. If kesle wore given es full reccgnition on a
diet list as spinech, it would be consumed in grcater
quantitles because of ita more fevorsble flavor,
thereby accomplishing the purposs of the speclal alet
more effectively.

Thaet kale is cons med in great qu&ntiﬁiea and must
be in general fevor with the public 1is evidenced by
the report of the following w:iolesale produce dealers
of Loulsville, Kéntucky;

The United l'roduces Compeny, Louisville, Kentucky,
states "4 fuir sstimate would be thet thore w@we sbout
five hundrsa ana fifty barrels jpr way, overy day in
the year recaived in Loulsville",

Stinson & Martin, Loulsville, Kentucky stete,
“The nmount of inle greens sold in Louisville from
January first to July first totals 1500 bushels
daily." |




V.« G, Helmerdinger, Loulsville, Kentucky reports,
"The totel for the year 1s ebout one hundred end ninety-
three (193) cerloads with an sverage of elght huncred
(800) bushels per car or & tot:l of one hundred anc fif tye
four thousend four hundred (154,400) busheds which are
sold through thils market and consumed in Louisville
and nesrby territory."
- The mineral content of kanle greens versus spinach

is quoted below as given by liery Swarte ﬁose:hg

Caleium “hospiiorous  Ipon
Shares Shares Sheres
Spinach 12,22 6.48 30.12
Kale 40,08 5.93 26,09

Vitamin A Vitamin B Vitamlin G

Splinach + + 4 ++ +

Kale ? ? ’ ?

The celcium content of kels is sean to 0o over
three times the amount present In apinach sn’ ths phoge
phorous and ST ontent fall only a fsw points bew
low spinech, Thus fer kele compares favorably with
spinacgh,

The purpose of this experiment as presented in this
thesis 1s to determine the vitamin B content of Kale as

compared with the vitamin B content of spinach,



HISTORICAL



"It is now well estabiished ti t what in the past
nes been cnlled vitamin B 1s not an entity, but come
prises more than one nutritioneslly ossentiel aubatance."l

Various writers from time to time, ond notably
Mitchiell (1919) 4in e oritiocal uiscussion, called atten-
tion to the fact that not «ll of the publisned evidence
was consistent with: this simplifylng assumption; but
only slowly (slowly at least a&s tuings go in the rapldly
moving history of the vitamins) dia there aocumulate suash
a preponderﬁane of experimental evidence for the multiple
nature of vitamin B as to command the universal accepte
ange o! the students of this problem,

Emmett and Luros, in 19202, reported the results
of n systematic investigation in which identical food
matorisls were fed for the preventlion of polyneuritis
in pigeons and for thg support of growth in rats.
Furthermore, these comparastive feeding experiments were
repeated with porticns of the same fooa meterisls whiloh
hed been hceeted st different temperatures and under
diffurent conditions. They cuoncluded thet the antle
neuritic vitamin seemec to bDe less stable to heat and
elknll than the retegrowthepromoting vitamin.

d

Pund and Dubin, in 1821%, recorded very briefly

some experirents upor frictionsl susorption which led



ther to belleve thst mutolyzed yeast conteined two
wuter soluble vitamins, of which the antineuritic was
the more easily sdsorbed by fuller's earth,

Levene and Muhfeld (19:5:5)4 found evidence of the
maltiple nature of vitemin B in the fesot that thelr ex-
periments upon the concentration of this factor resulted
in altering the relative antinouritic and growthepro-
moting sctivities of their materisls,

Kinnersley nsnd ieters (19:5), w:0o also were¢ worke
ing primarily from the point of view of lsolatlion of the
antineuritic vitamin, reported the seperstion of a high-
ly sntineuritic substance wilch did not cause incresase
1n tho welgnt of plgeons after oure of the polyneuritic
symptoms, ’This wag interpreted as supporting the view
of the multiple nature of vitarin B,

In the ssms year, t is vie. was dlscussed tontae
tively by HeCollum, Simmonds and Becker (1925)5.

In 19266, Hauge and Cnrrlck publisned further
evidence of the fact thet entineuritlc and growtheproe-
moﬁing potencles do not always run parallel, :nd 1in the
same yzar the subjoot was greetly clariflied by three
contributions from the United S5States Public lleslth Sere
vice and two from the lasborstory of keCellum, all of
which emphosige the important fsct thaet the growth of
rets (end therc 1s no recson to douvt thet this is true
of mammnls gencrully) requirss both the antlneuritie

and annther, more hest=-stuble substance which slong with



the antineuritic substunce had hitherto been covered
by the term vitamin B,

In the course of an investigatlon begun as a study
of the influence of dletary deflcienclies upon experimene
tal tuberoculosis in the =lbino ret, Smith snd liendrlieck
(1936)7 found thet a dict containing 46 per cent of
rolled oats, with adequate smounts of cesein, salts,
and viterin A containing fats, was not adequets to
pupport normal growth of youny ratsj; but became so when
supplemented by yeast winich hsd autoclaved for six hours
st fifteen pounds pressure, & proosdure be!leved to de-
stroy the entineuritic vitenin of the yeast and, further-
riore, thnt neither sutocluved yesst alone nor Seldell
vitemin B plorste slone w-uld mect the growthepromoting
vitemin B requirement of rats; but thet they supplemente
ed c¢nch other in sucn away thut togetier they met this
vitemin B requirement. 1This work of Smith and Hendrlck
was immedietely confirmeu by Seidell (1926)8 wno, as the
result of expasriments witn both rats und plgeons, sug-
gested that rats (and probebly other mamnals) nsed both
the sntineuritic substance cnu the otier,more heat-stsble
fector of vitemin b, wiile pigeons need only the antle
neuritic vitamin; and for this reason he reocommonded
that the rat be used for determinations of vitumin B

aend the pigeon, on account of its simpler needs, for



the studies of the antineuritic vitarin,

Closely following tho contrioution of Smith end
liendrick, sppesred the independent and practicslly
simultaneous work of Goldberger, Thecler, Lillle and
Hogers (1926)9 who found & similar éupplementary Iré=
lationsiiip in meeting the growth requirements of
young rats, between autoclaved yeast (as the source of
the heust-stable factor) and as sleoholeextract of corn
meal (as the source of the sntineuritic substence).
Thiis work was discussed in 1te bearings upon other ine
vesti;ntions of Goldberger and hls aaaociatealupon
humen pellagre end the more or less analogous condition
known as Dlscke-tongue in dogs. QCGolaberger asnd Tenner
11925)10 had postulated the existence of & previously
unrecognized dietary factor concerned in the prevention
of pellayre (tentatively designated es the "P-P factor"
or "pellegraepreventing vitarmin"), sné this wus now held
to pe identicul with the heatestable fuctor of vitamin
B, the rets whose rations lucked tidls fuctor being cee-
soribed by Goldberger, Vheoler, Lillie and Hogerng as
developing s pellsgre-llike condition after about nine
weeks of thils dietary deprivation,.

lieanwaiile lLaird (1926), in icCollum's laboretory,
found in the teatihg of numerous extracts ootslned from

natursl foods by means of different (ususlly acldulated)



solvents, repested instances 1in which antlneuritic end |
growth-promoting potencles did not run parsllel, and
some cases in which growth wesz not proroted by elther
of the extreots but wa induced by & mixture of them,
Salmon (1927)11, working with soy veans end velvet
beans and with the lesves of velvet beanz and of rsape,
found that the secds were roletively nore potent for the
prevention of polynsuritis and the lesves for the pro=
motion of growth, le also descrived e pertial sepsra-
tion upon iuller's ea:rth., The aicohol-extract, In the
form of & weter sclution, was treated for the removal
of ether-soluble substaunces end of supstances precipite
able by lsed ncetote, before the trestment with fuller's
earth, The 1enveavwera gextracted wit, sclduleted water
instead of aleohol, The continustion of thils work has
been desoribed in s later psper by Sslmon, Guerrant end
iinys (1927), who report thut fuller's earth adsorbs both
faotors; but, under certsir condaitions, the sntlineuritic
more completely. They describe the prepsrstion, from
velvet bean lenves, of & fructlion prectically freed from
the sntineuritic pbut still rich in the other fuctor,
veenwhille Chick enda rosooe (1927)12 reported s ser-
les of experimente In which various extrects and preoe-
perations of yexst and of wheat embryo were fed aingly
snd in combination with results w.lch demonstrated still
further the ezistence in tho viterin B complex of more

than one factor vssentisl to growth; and ilsssan ana



Ururr:ond (1937)13, in the gourse of stuay of the possible
releation between vitsmin B snd protein metebolism, ine
aepencently obtalined evidence of the presence of two
growtheprozoting fectoirs In whet hed been wnown as vite
amin b,

The work of ralmer and Xennedy (1927-1928)14, while
chiefly presented from a somewhat dirferent sngle, seems
8lso to furnish s lurge smount of evidence of the mule
tiple nature of vitemin B, Xvans and Burr (1928)15 have
recently furnished a oclear-cut demonstration.

¥11liams énd taterman (1927-1928)16 hold that vite
erdn b 1s of a tripartite nature, involving the entie
neuritic factor required by both rats «ne pigeons, a se-
sond fsctor required by rats,

Fvidence ol more quantitative noature was obtained
by thermen and /xtmeyer (1927), who moasured, by means
of the aversges of l:rge numbers of quantitatively
conducted feeding experiments, th. relative richness,
in the tw: factors required by rats, of whole uheat
on the one hind znd of milk or of sutoclaved yeast on
the other. 4Yhet hesting in the sutocleve mey destroy
the antineuritic potency of yeast winlle lssving it still
a good source ol the other factor had been shown Dy proe

vious workers... 'he present investi,etion established

o



a merked supplementary relationship between wh.ort and
milk, wheat belng rel&tivaiy rioner in the antineuritie,
and milk relatively richer in the more heat-stable factor.
This work thus furnished & basis for the quantitative
reinvestigation of the previously recorded "vitemin B
values" of foods.

Hunt (1928)17 found corn (maize) to be very similar
to wheat in 1its content of the two factors required for
growth of rats.

Eddy (1927, 1928)18 found that the previously re-
ported low vitamin B valus of cooked or ¢snned splinsch
is due to paucity of the antineuritic factor in a mater=
ial relstively rich lﬁ the more heat-stable vitemin; and
also that bananas are relatively rich in the more heate
stable vitamin thin in the asntineuritic factor. |

Hogen end liunter (1928)19 have very recently re-
ported thet just ss by heatling the antinewritic factor
¢an be more or less selectively destroyed, so the more
heatestuble factor may be selectively destroyed by ox=
posure to ultraviolet irradistion,

koreover a iood wiisch is a good source of both
mey still be markedly richer in one than the other, as
the investigetions above cited heve shown to be true in
the case of milk, and of typlcal seeds and green leaves.

}ilk end green leaves, good socurces of bDoth these

faotors, are rclstively richer in the more heat-stable



faotor, Vhole grein ceresls and legumes, falr-to-good
sources of both faotors, are relatively richer in the
antineuritic vitamin, Thus both milk and green leaves
here show & valuable supplementary relatlonshilp to seeds
with respect to vitamin B, as had previously been shown
to be the corse with rospect to vitamin 2,

The discussion of ths evidence of the multiple
nature of vitamin B has involved emphesis upon the fact
thet heating In the autoclave destroys the antineuritie
vitamin out not the other factor, and wnsoquently fre-
quent references to the latter as the more heat-stable
faector have been mede., This fact might readily tend
to give an exaggerated lmpression of the susceptibllity
of the antineuritic viteamin to destruetion upon heste
ing.

Something should therefore be said of the quanti-
tative studies of the stabllity or lability of the
antineuritic substance, becsuse of the nutritional sige
niglcanoe of tnis property in relstion to vitemin values
of foods which have been heated or stored under different
conditions,

In dry state, at practically neutral reaction, the
sntineuritic vitemin is quite steble to heating at 100°,
showing no mousuraeble destruction or insctivetion sefter
48 hours of such heatings whereas the same meterial heated

in water for 6 hours at 100° showed a slpght diminution



of potency (Shermen snd Spohn, 1923)., /iltuough this work
was done before ths differsntiation of the vitamin B come
plex, 1t 1s certaln thst it was the antineuritic sub-
stonoe whose staullity ﬁas measured, both besceuse the
80-0alled antipollegric vitamin 1s 80 much zors stable
and becesuse thce work of Shermen and Zxtmeyer hes shown
plainly that cow's milk 1s riocher in this vitanmin than

in the antlineurltic substence, so that‘the latter must
have beeon tho limlting factor in the rat growth exper-
iments of Shermnn}and Spohn,

In other er eoriments (Shermsn snd Grose, 19233
Shermen snd Burtls, 1926)PP the rate of destrustion of
"vitamin B" was msansured at different tsmpersturcs at
¢ fixed tempersture of heating of 100°, wThile it has
not yet been shoun whether the sntineuritic substsnoe
1s the limiting fector of the vitamin B camplex of
tomato Julce, yet in view of the much gromter stability
of the other vitemin, it seoms prectioelly certuin that
the sxperiments here cited may be teken as sffording st
least approximste messures of the rate of destruction
or inastivaetion of the aentineuritic vitemin under the
conditions described,

The ‘development of methods fcr the ssprrate
quantitstive meusurement of vaelues of foods es sources

of the twe separaste factors 1s now well advanced,

12



[
(Wl

Foods which, by means of rat feeding experiments,
have been shown to be good sources of vitamin B as
previocusly understood are, thersfore, now seen to be
good sourecs of both the antineuritic substance and the
more hsate-stable vitamin,

If, on the other hand, the food, when tested for
undifferentiasted vitamin B, has not given good results,
it is not necessarily poor in both of these essontials,
but mey concelvably be a good source of one or the
other of them, and should therefore, be tested for each
separately,

"Thus the multiple nature of vitamin B is establish-
ed by en sbundance of ovidence, and evidence of several
different kinds,

"It no longer appears profitable to perform exe
periments or to publish papers in which vitamin B
(in the senso in which the term has hitherto been used)

is trested as an entity.“l
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The experiments wsre conducted eccording to tie
methods of Sherman end ﬁaoﬂrthurgo as followa: Lealthy,
young rats of known nutritional history wers placed at
24 to 30 days of mge and welghing genafally from 50 to
60 grsms in wire cugea yroveded with screen bottoms and
glven a vitamin B free diet with water ed llbitum.

The leboratopy technique was thet of ?orry{.

(1) The rats were weighed weekly snd the weights ana nise
tory of eaoh'animal were recorded in e loose leal note-
book. (2) The food was made into soft paste to prevent
scattering snd (3) tho cages were sterlilized woekly.
Vater was given by an inverted bottle with s gluss tube
whicn projected into the insiae of the cage, The duties
of t1s experiment were carried out on Sundnys and
holidays as regulurly as on week days,

The kele was purchrnsed fresh on the market deily
end f{reshly cooked leaves were prepared dslly by

—

thoroughly washing and oooking in s glass beaxer?awith
enough adaitional water to prevent stioking just prior
to feeding. The time of cooking was regulcted by the
tenderncss of the greens, usually abaut 16 minutes,
The dally amount of fresh green kale fed each animel

varied from 0.2 grem to 1.0 grem duily.
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‘The object of using cooked kale instead of' the raw
leoves was to discover the vitamin B potency of the foode
stuff in question as it is consumed by the individual,

Kale ancd female rats wore used interchangesbly in
tiiis determinntion of vitamin B sinse the average
difference in weights of the two 1s 80 small as to be
negligible scoording to the statement of Sherman and
Burtis 4&ﬂ |

DINTS The basel diet contained casein 19, starch.63,.
(a)

salt mixture 4 s buttor 10, agar agar 2 and cod liver
0il 2 perts, Tne basal diet was ndajusted to accommodate
supplenents for the fractionsl determination of vitamin
B according to the diets of C,., ll. Muntlv. The supplements
to the basal dlet were: whole, coarsaly ground wheat(b)
as the source of vitamin F (Sherman's thermo-labils, anti-
neuritic factor of B) and auto-claved yaast(a)aa the
source of vitamin G (Sherman's thermo-stable, anti-
psllaygric vitamin ana Goldbergerts PP frotor of vita-
min Bg) Sherman's nomanslature, vitanmin F’snu vitemin G
will be uses tn designs%e the frsegtions of vitamin B in
this work,

Ksle greens of unknown vitamin B content were core
bined with the basal diet in such a manner as to study

it as a probsble scurce of the vitamin F and G factors

‘of vitamin o covbinedj as a source of vitemin F slone



and as & source of vitamin G alone accoraing to dlets
#1 end 4, 5, 6 respectively as shown in tabla 1, ‘wo
controls were c.nducted: first, cannod spinach of

known vitarin 3 oOﬂtent21 was supplemonted in the basal
diet in the same manner as kale asccording to diots

"2, 10 and 11 respectivaly as shown in table 1, and
second; yeast foam tablets plus the basal dlet according
to diet .3 snd whole whest suppleuented by auto-claved

yeast as in dlet #9 mocording to tadle 1,




&

) Osborne and Mendel Salt ixture:
CaCOx 134.8 grams
HgCog 24,2 "
Na,CO3 34,2 "

KI 0.020 *
KoCOg 41,3 "
HyPO, 103.2 "
HC1 b3.4 "
¥nSO, 0,079 "
HpS04 9.2 "
Citric Acld HO 111,1 "
Fe oitrate 1§ Hy0 '6e34 "
NaPF 0.248 "
Kr1(304)g 0,246 "

Kixed orrefully and &ried at 10000 for three

hours in sn electric oven with intermittant stirring,

b) Yhole wheat coarsley ground was obtained from
a relisble whole-grain house, D, Lubbert'!s, Broadway,

Louisville, Kentuocky.

6) The yeast foam tablets were obtalned from
Northwestern Yeast Company, 1760 N. Ashland Ave.,
Chioago, Illinois. To suto-clave, the yeast was
plsced in enamel pans to a deptih of about # inch

and auto-sclaved for 4 hours &t 1l5# stesm pressure,

[y
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Diet #1

Diet #2

Diet #3

Diet #4

Diet #5

DESCRIYTION OF DIETS

Teble 1

Cooked kele greens plus basal diet.

Experimental
Studled as the probable source of both the
F and G feotors of vitamin B

Canned Spinach plus basal dlet

Control

A 21
Foodstuff of known vitamin B content ready
cooked as source of both F and G factors
of vitamin B
Yeast foam tablets plus basal diet

Control
a second foodstuff of known vitamin B content
as source of both F and G factors of vitamin B

Cooked kale greens plus bssal diet

Experimental

A seoond experimentul kale diet run to observe
the growth ocurve during summer months as oome
pared with diet #1 run during winter months.

Kale greens plus cracked whole wheat plus basal

diet

Experimental

Unknown vitamin content supplemented by F
factor vresent in whole wheat, An attempt

to discover the supplementary factor in kale.

-y




Diet #6

Diet #7

Diet #8

Diet #9

Diet #10

DESCRIPTION OF DIETS

Table 1
(Continued)

Cooked kasle greens plus auto-claved yeast

plus basal diet

Experimental
Unknown vitamin content supplemented by the
G factor of vitamin B

Cracked whole wheat plus basal diet

Control
To observe growth curve when only F factor
of vitemin B is present in the diet.

Auto-claved yeast plus basal diet

Control
To observe growth curve when only G factor
of vitamin B is present in the diet.

Cracked whole wheat plus auto-claved yeast

plus basal diet

Control

Supplemented ration,

To observe growth curve of normal vitamin
B content.

Cooked spinach plus asuto-claved yeast plus

basal diet

Control
Comparison of growth curves of kale with
spinach when supplemented with G fraction.

of vitamin B



Diet #11

DESCRIPTION OF DIETS

Table 1
(Continued)

Cooked splnech plus whole wheat plus basal

diet

Control

Comparison of growth curves of kale and
spinach when supplemented with F factor
of vitamin B



Diet #1
Cooked Kale Greens and Bassl Diet

Casein 1.0 grams
Butterfat 0.76 "
Starch 2.8 "
Salt mixture 0.2 "

Cooked kale 0,25 " (1 gm. 12/11/28)
Total 5,00 grams

Exparimental Perlod
November 5, 1928 - January 5, 1929
Velghts of Experimental Animals

Nov, 6, Rat? Rat® Rat ? Rat® Rat 9 Rato
1928 #1048 #1060 #1085 #1066 #1062 #1067

Nov,. & 25,5 3443 49.2 33.0 21,5 44 .4
* 10 35.56 42.4 62,26 40,76 41,5 53.4
LS L 43.26 43.8 54.4 42.5 45.0 H7.4
"o24 43,0 49,4 62.5 45.5 47 .4 54.1

Dec, 1 41,9 48,0 55,0 45,0 46,8 53.0
" 8 42,0 50,0 52,0 47.8 45,0 52.6
" 15 38.4 49.0 52.6 40.4 3545 45.5
"oz 45.0 53.6 69,0 43.0 #l2/16/28 47.8
" 29 49.0 55,6 66,0 43,0 4545

Jan. b 43,0 bb.6 60,0 41,0 46.0

e
S



HISTORY OF RATS ON DINI #1

Cooked Kale Ureens and Basal Diet

The rats on this diet became less sctive, fur
ruffled, but otherwlse normal after one week on the ex-
perimentsl dlet. They hed developed no snuffles nor
lazy motions of asny one member of the body. Second and
third weeks rats appeared the same and normelly active,
veek of 11/24/28 -= 12/1/28 rats ate about one-nalf of
their ration., From 12/1/28 -- 12/5/28 rats became frace
tious, snappy and fur stringy. ill rat; on tiis diet be-
gan to show typlcsl symptoms of polyneuritin( za)ét t:ls
date, Rat #1062, 12/6/28 llead retracted. 1:/13/28 Spastiec
galt, head retracted. 12/15/28 Cartwheel, drags hind leg
and shows convulsive seizures when handled. 12/16/28 died;
(Only enimel lost in the group of six snimals over an
oxparimental period of 9 weeks,)

The remaining rats in the group suffered signs of
polyneuritis, buﬁfﬁever appeared in them as severely
as in #1062, The consumption of food varied from 1/2 to
1/3 ration remeining with less snd less food une ten et
close of experimental period, |

1/6/29 Experimental period closed,

Pur smoother altho stlll yellow end stiff. [fiats
were nervous snd undersized. In proportion to the length
of the body, these animals had smeller chests una shiowed

e tendency to huve longer leg bomes relativeljyo thelr



body length than did the animels on control dlet #3 of

the ssmo nge., liowever, these ruts survived wlde range

AN
of temperature as shown in following temperature chsrt,

24



TELPERATURE KFADINGS

Date AM °C pu %
Nove. 23 10 19
24 10 -
26 18,5 15
26 15 18,56
27 15 17.5
28 17 17
20 16 -
30 17 17
Deo, 1 18,5 17
2 11 15.5
3 18,5 22
4 19 28
5 17 21
6 15 20
7 15 20
8 20 16
9 - 15
10 14 .5 19
11 14 20
12 20 24
13 20 21
44 19 24
15 20 18
16 - 17
17 21 21
18 14 21,6
19 18 20
20 175 21



Diet #2 76

Cenned Spinach and Basal Diet

Casein 1,0 grams
Butterfat 0.7 "
Starch 2.8 "

Salt mixture 0,2 "
Canned Spinach 0,26 " (1 gm. 12/11/28)
Total 5.00 grams
Experimental reriod

November 5, 1928 - January 5, 1929

&eights of E;pprimental Animels

Date Rat 3 Rat ¢ Rat g Rat &
#1052 #1053 #1054 #1060

Nov. 528 525 34'0 38,0 50.6
" 10 60.4 40.4 41.8 59.8
" o197 5345 #11/16/28 34.4 59.0
"4 6l.1 3847 55.8

Dec. 1 504 357 5343
" g 46,0 3540% 48.5"
L ¥
L £+
" 20

Jan,

Jén, 5 # = animal died



HISTORY OF RA'TS ON DIET #2

canned Spinach glua Besal Liet

These r=ts becamc less actlve, fur ruffled, but
otherwise normnl after one week on experimental diet,
lad developed no snuffles nor lagy motions of any one
member oi the body, |

Typloal polyneuritic condit ions developed one week
earlier (11/24/28) than they oocurred in the ruts on
diet #1l. 12/6/28 rat /1060 developed lazy movements
and hunched back., 12/8/28 Rat #1060 nose blued,
11/16/28 et #1063 dled. (Autopesy showed gas in intes-
tines). 12/9/28 -- 12/10/28 rets #1052, 1054 and 1060
died, Showed genersl loss of welght with mis-shapen
bodies and convulsive selzures and cartwheel, spastic
galt etc., as rat #1062 on diet #1.‘

1/5/29 Close of experimentel period,

411 ratw on tuls dlet dled of polyneuritis at

close of S5th experimental week,

27



Diet #3

Bassal Diet and Yesst Foam Tablets

Cesein 1.0 grams

Butterfat 0,76 "

Starch 2.8 "

Salt mixture 0.2 "

Yeast 0.26 " (1 gm. 12/11/28)

TOtel 5,00 grams

VYelghts of Experimental Diets

Date Rat & Rat & Rat ¥ Ret ¥

#1066 #1057 #1059 #1061
Nov. 6'28 30,0 5240 30,0 28.6
" 10 57.4 60.8 3345 34.4
"o17 43.0 60.7 41,8 37.4
Dec. 1 632 83.8 5744 5347
" o8 77,0 97,0 47.0 6340
" 1p 92.0 106.,3  12/9/28"  63.0
" g 98,0 110.0 6640
" 29 104.0 129.0 ' 6940

Jan. & 113,0 141.,0 81,0




NG
D

HISTORY OF KATS ON DIET #3

Yeast glua Basal Diet

Snuffles snd loss of weight (temperature),
Gontrol animels - normal albino rats in appearance

sand sctivity,

# weak - forepaws and noss bleeding preceding day.,
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Diet #4

%ale Oreens and Besal Diet

Casein 1.8 grams
Starch 6.0 " |
Salt Lixture 0.4 "
Butterfat 1,0 *
Agnr igar 0.1 "
Cod Liver 0il 0.2 "
Kale Creens 0,6 "
Total 10,0 grams

Experimental Period - 4/30/29 =
7/1/29

Vieights of ILxperimental Animals

Rat #1223 )
ﬁgy 18,129 37.5 grams
20 45.5 "
o256 67.0 "
June 1 72.0 "
" o7 75,0
"o 69.0 n
" 23 | 72,0 "

July 1 81,0 "



HISTORY OF KATS ON DIET #4

Kale Greens plus Basal Diet

Very slight neuritlc condition observed,
Raet was luss nervous, larger, sleeker, whiter fur

with keon eyos,



Diet #5

Kale Greens andt%hole ¥Yheat and Basal Dlet

Cesein 1.8 gram
Stareh 4,0 "
Salt mixture 0,5 "
Butter fat 1,0 "
Cod Liver 011 0.2 "
vhole VTheat 2,6 "
Kale Greens 0.6 "

L

Total 10,0 grams
Experimental Feriod -- 4/29/29 - 6/8/29

Welghts of Experimental Animals

Rat 8 HKet @ Rat © Rat 7 Ret?

Date #1206 #1207 #1208 #1209 #1210
4/29/29 74.6 76.5 48,0 44.0 51.5
5/4/29 97 45 - 96,0 7545 7245 78.5
5/11/29 106,0 108,7 87.0 84.3 92,2
65/18/29  119,0 118,0 102,56 9545 106.5

5/26/29 131.0 118.,0 117,.0 107.5 119.0
6/1/29 13345 120,0 123,0 114.0 125,40
6/8/29 162,0 142.,0 147.0 133.0 154.0



HISTORY OF LATS ON LIET #6

Kale Oreens plus Cracked Yhole Yheat plus Basel Dlet

Rets in this group ate 1/2 food fed first week.
Second week « 5/16/29 little food remained., 5/18/29 on
no food remeined. These rats remslned normel in

appearsnce enu activity,

l. "ur sleek,

Z2e Koen eyos,

3 Sctive,

4. Proger proportion,

5. NO deaths,.



4 Diet #6

Kale Greens and /utoe-claved Yeast enc Basal

Diet

Casein

Starch

Salt mixture

Butterfat

iLgar Agar

Cod Liver 01l

1,5 grams

6.0
O.4
1,0
0.2
0.2

Auto~olaved Yeast 1.0

Kale greens

Total

0.5

"

"

10,8 grams

Experimental Feriod «- 4/29/290--6/8/29,

veights of Experimental Animsls

Date Rat ¥ Rat ¢ Rat ¥ Rat? Ratd

#1201 #1202 #1205 #1204 #1206
4/29/29 4342 = 32.4 55,0 69.7 68,0
B/4/29 5642 49,0 70,5 81,5 96,0
5/11/29 60.0 46,0 66.0 7345 24.0
5/18/29 45,0 46,5 5645 64,0 86,0
5/25/29 43.0 46.8 55.0 54.7 84.0
6/1/29 44,0 50.5 59,0 44.6% 86,0
6/8/29 45,0 54..5 64.5 83.0
» died 6/3/29

e

YR



HISTORY OF H£TS ON DIET #6

Kale Ureens plus Auto-aclaved Yeast plus Basal Dlet

One-half food eaten first week. By the third week
no food remained, By fourth week (5/16/29) rats bee
came 8lightly weék, although, otherwise normal in ape
pesrence., 5/27/29 conditi cn weaker, fur stringy and
all food eaten, 6/2/29 Group much weskor with rats
#1002, #1203 end #1204 dreg.ing hind legs und convule
sive seizures when hendled. 6/3/29 #1204 died =
previously nervous, snappy, stringy fur, weak, slow

motlion, legs longer in proportion to length of body.



Yhole Vheat and Bessl Diet

Diet #7

Casein

Starch

Selt mixture

Butterfat

Agar Agar

Cod liver o1l

1.8 grams

4,0
0.4
1,0
0.2
0.2

Auto-olaved yeast 1,0

Experimental Periocd - 4/29/20-6/8/29

Total

L

"

”

10,0 grams

Date Kat5 Rat & Rat ¥ Rat &  vat &
#1211 #1212 #1213 #1214 #1215
4/29/29 29,8 3240 71.6 53,0 6845
5/4/29 49,0 48,6 88,0 85.0 95.8
5/11/29 6547 61,0 106.5 92,0 168.0
5/18/29 79,0 73.6 125,0 104,56  121.0
5/26/29 96,0 86,5 122.5 112.5 132.5
6/1/29 102,0 96.0 1:2,0 118,0 138,0
6/8/29 122,0 115.,0 141,0 136,0  158,0
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HISTORY OF KATS ON DIET #7
¥hole Yheat plus Basal Diet eecewes

First two weeks 1/2 food enten « by tiird week
all esaten,

65/16/29 Kate all normsl in appearance

5/21/29 " " " L

6/2/29 Gain in weight, eyes not clear, not

normelly sctive,



Diet #8

Auto-Claved Yeast and Basal Diet

Casein 1,9 grams

Staroch 643
Salt mixture 0.4
Butterfat 1,0
Agar Agar 0.2
Cod liver oil 0.2

Aato-alaved yeast
1.0

"

"

"

Total 10.0 grams

Experimental reriod - 4/29/20-6/7/29

velghts of Experimental inimela

38

Dete Ret? Ret S  Ret ¥  Ret ¥ Rat @
#1216 #1217 #1218 #1219 #1220
4/29/29 41,0 67.0 57.8 24.0 33,5
5/4/29 5440 88,5 76 .6 32,5 45.8
5/11/29 5445 94,0 78,6 2645 45,0
5/18/29 47.5 81,56 76,0 » 39.0
5/25/29 375 75.0 87.5 »
6/1/29  » 69.0 6640
6/7/29 58,0 6245
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HISTORY OF R/ TS Ol DIET #8

-~ futo-claved Yeast plus Basal Diet

/11 food eaten by.aeoona woek (5/10/29)
kat #1219 runt,

Rat #1219 died - slck weakling « runt.
6/16/29 1little food remeining.

Kat #1216 Slightly wesk, snuffles,

fat /1217 Normel in sppearance,

Rat #1220 Slightly weak.

5/:2/29 #1216 Fur stringy-thinner-weak-emaciatud,
6/24/29 #1216 Decldely hunch back - ribbed tail,
emaciated, |

5/26/29 #1216 died - neurltic,
5/27/29 #1220 dled - same history #1216

Three losses,



Crscked Yhole Theat and Auto~claved Yeast and Basal

Diet #9

Diet
Casein 1.8 grams
Starch 4,0 "
Salt mixture 0.5 "
Butterfat i.0 "
hgar lger 0.2 "
Yhole Vhuat 2.6 "

Auto-claved yeast 0.4
Totel . 10 od

Experimentel period: 5/25/2

grams

-- 7/8/29

%eights of mxperimentel Rats

Date rat 8 Rat ¥

#1221 #loue
5/26/29 45,5 54.0
6/1/29 61,0 54,0
6/7/29 7346 80.0
6/17/2¢ 106.0 93.0
8/23/29 114.5 97,0
7/1/29 126.5  102.,0
7/8/29 130,0  107.0



HISTORY OF KATS ON DILT# 9

Cracked Yhole Vheat plus Auto-claved Yeust plus Bes:l Diet

Rats normal in appesrance; eyes keen, fur sleek,

vory actlive and normal in sise,



Dlet #10

Spinach and /utoe-glaved Yeast and DBasal Diet

Casein 1.5 grams
Steroh 6,0 "
calt unixture 0.4 "
But terfat 1.0 "
~Cod liver o1l 0,2 "

futo-claved
yoeast 1,0 "

Spinsch (1Y) "{leter 1,0 gle )
Total 10.6 grams

Ex perimentsl Periocd -- 6/17/29 - 8/5/29,

ielghte of Fxperimental /‘nimals

ret ¢ Eat ¢ ket 3 Rat 8

Dete #leed #1226 #1226 #1227
6/17/29 3240 18,0 3340 31.0
6/24/29 4540 #6/20/29 44.0 45.0
7/1/29 49.0 46,0 49.0
7/8/29 4545 45.6 43,0
7/16/29 5146 , 46.0 42,0
7/22/29 48.5 48.0 44,0
7/29/29 46,0 47.0 45.0

8/65/29 44.0 48,0 4546



HISTONY OF HATS ON DINT #10

Spinach ;:lus Auto-claved Yesst plus Basal Diet

lst week 1/2 food eaten

“nd week 3/4 food c aten

iemelinder of experimental perlod all of food was
enton,

dré week fur beceme stringy end yellow. Sllght
symptoms of polyneuritis, othcerwise rets reomulned practie-

eslly normel until conclusicn of experinental period,



Diet #11

Spinach, vhole Vheat and Basal Diet

Casein

Starch

Salt mixture

Butterfat

Cod liver oil

thole Vheat

Spinsch

1,8 grams

4.0
0,5
1,0
0,2
240
0,6

Total

Experimental Perlod:

L

"

"

)

10,6 grams

6/17/29 -~ 8/6/29.

Veights of Experimental Animais

Date it ®  Rat 8 Rat @  Rat @ netd
#lee8 #1229 #1230 #1231 #1232

6/17/29 32,0 29,0 31,0 33,0 34,0
6/24/29 44,0 46,0 47.0 39,0 42.0
7/1/29 5240 50,0  57.0 42.5 60,0
7/8/29 65,0 6640 68,0 47.0 70,0
7/16/29 72,5 78,0 79,0 60,0 85,0
n/22/29 84.0 86,0 87.0 78.5 95,0
7/29/29 92,0 95,0 96,0 877 107.0
8/5/29 101,0 105,0 105,0 97.0 119,0



HISTORY OF R,ATS ON DINT 411

Spinsch plus Yhole Vheat plus Bessl Llet

lat week 1/¢ food enten.
2nd weok all of food eaten,

hats were normel 1ln sppeersnce and activity.



DISCUSSION



In the e¢xperimentel work of the winter of '28
(Nov. 5, 1U28 to Lec, 20, 1428) it was noted that,
even tho there wes 8 sudoen snd wide rangs of teme

perature,?7

tho experimental animels on the cooked kele
greens dlet plus the besel diet survived the test period
of nine weeks with one death ocourring in the seventh
weeK,

One of the control dlets, c¢canned spine:h plus the
bosel :iet, hed one doath to occur at the close of the
fifth week with.no survivals at the end of the test ere
iod of nine weeksa, Polyneuritis s puvarcd in oboth
groups although lees severely in the cooksd kmle group
then the conned spinach group.

The grosth curve of the rats on the dlet containing
gooked kele grecns more nearly approachcs the normal
growth curve of the control animals than does the
growth surve of the rats on the cenned spinach. (Chart I).

It wes ooncluded that vitamin B wes present to
some oxtent in cooked kele yreens. Possibly this food
was richer in one of the vitsmin B "complexen"™ or that
cooked kale lost some of ths potency of the vitamin
F fraction if it were present in the green kale,

In order to ascertein which fraction was more
abundent, if any, in the eooked kale as consumed by the
humen race, & more elsborate experimontal program was
outlined snd the work csrried on from fpril 29 to

July 1, 1929,




L&ras
oo

focording to Chart II, kale grcens show better growth
curve than spinach, but svidently &he B fractlon pre-
sent in kale greens has not besen supplemented by the
addition of the vitamin G frsctli:n in the form of
auto-claved yeast as has the control of whole wheat
plus auto-cleved yesst sna, therefore, from comparie
son of the date on diets #6, #9 and #10 in Chert II,
the rets on diet #6 1f reduced to simple torms, means
G{kale) plus G (auto-claved yeast) without ﬁhe resul-
tant normal growth curve, Ilowever, 1t may elso be
observed from this chart thaet vitemin [’ is not lascking
entirely, »

Chart III shows kale grsons and basal diet with
a better growth curve resulting. Vitamin B is not as
yot sup, lemented ny 1ts complementary fraction to
yleld a normal growth curve as in the gontrol diet #7.
The spinaon diet #8 1s atill taxing hecvy tolle No deaths
oscurred in the dlet /4 with kale gre na,

The improvemont of the growth curves in Chert IV
are probably due to the addition of whole wheat to all
three diets, Uranting thet the whole wheet mey have
present some vitamin G wiilch would supplement the
surve representing the growth of the animels on kale
greens, dilet #5 consisting of kale greens plus wiole
wheat plus the basal diet, siows greater growth thean

the control, dist #9 sonsisting of whole wheat plus



auto-cleved yeast _lus busel dlet, which cleesrly in-
dicates that kele greuns ls well sup.lemented vy the
wiole wheat end is itself potent in the opposite,
thermo-stable feotor, vitemin G since the growth
surve of thc control dlest #9 1s much leaé sdvanced,

Another contrast may be observed in the study of

Churt #6.
| hverage galn for
orperimental perlod,
Dlet #10~-Spinach, ACY®, B. D. 13.8 |
Diet # 9--thole wheat, A C Y, B D 79.0
Die t # 6=e=Kale, /s Co. Y., Ba D, 4.6
Dlet # Teelliole wheant, B, D. 82,2
Diet # Bewi, Co Y., Be D 0.4 loss
Dlet # 4--Kale sund B, b, 33.6
Diet #lle=Spinach, "uole Vheet - 74,0

Diet # QeeVhole Vhest, L. De, £. Co ¥ 79.0
Diet # G-eKale, Yhole wheat, b, D, 88,7
# & guto-cluved yeoast
« = basal dlet

In #1l1l the diets listed conteining kele greecns, there
is a gain in weight., Kalo greens supplemented by auto-
cleved yenst or vitamin G shows an sverage galn of 4,6
grams for the group, Spinech supplemented by sesuto-claved

yeast shows sn average gain of 13.8 grams for the group.



Kale greens es the source of vitamins F and G show

an sverage geldn of 33.6 grems for the group. The cone
trol, whole whest plus sutoclsved ysest as the source
of vitenins I’ snd G respeatively sihiows en average gein
of 79,0 grams for the group whlle kele grecns end whole
wheat, the apperent wurce of vitamins G and P respocte
Ively, show nn everege pein of BB,7 grems for the group,
& difference of 9,7 grams betweon kole supplemanted by
whole wheat and the control dlet, wiole whest supyle-
mented by suto-cleved yesat, the known source of the
vitemins F ena G respectively 17.

In chart /1, note the followling cuses of desths
reduced when kels 1s wresent: Dlet #6 the numver of
rats at the boginning of the experincntsl perlod are
5, the number surviving this puriod, 4. Dlst /8 same
without kKele, numober of rts et the beginning of the
experimentel perioud cfe 6, nuaber surviving thls perlod,
2. The period of the latter 1s longer, but the
deaths ocour aerliy in the perlod. Diet fz, number
of rata ;t the beglnnlng of the period 4, nunbor survive

ing the perlod @,
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55
Welghts
Chart #6
Diet #1 Initial Wt. Final Wt. Gain Average gein of
Hat Nos. in grems in grams gms the group gnms
Kale,bod
1048 25.5 43,0 17.5
1050 34.3 556.5 21.2
1065 49.2 60.0 10.8
1066 3340 41,0 8.0
1062 21.5 35.5 #6 wkls .0
1067 44 .4 46,0 1.6 12.5
7e
Canned apinach
bbd.
10562 52.5 46.0 #5 WK6.5 1loss
1063 34.0 40.4 #2 " 6.4
1054 38,0 33.0 #56 " 5,0 10ss
1060 50.5 48,5 #6 " 2,0 loss 7.1 loss
#3
yeast, bhd.
1056 30,0 113,0 83.0
1087 52,0 141.0 89.0
1059 30.0 47 .0 #bwk 17,0
1061 2845 81.0 5245 60.4
FL
Kal@, b.d.
1223 375 71.0 3345 3345
#5
‘Kale
¥h wheat,b.d.
1206 74.5 162.,0 87.5
1207 7645 142,0 65.5
1208 48,0 147.0 99,0
1209 44.0 133.0 89.0
1210 51.5 154.0 102.5 88.7
78
Kale
suto-cl yeast, b.d.
1201 43,2 45,0 1.8
1202 3245 54.5 22,0
1203 55,0 64.5 9.5
1204 69-7 44,5 20.3 loss
1206 68,0 83.0 15.0 4.6

* Died
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Veights
Chart #6 (continued)
Diets & Initial Wt. Final ¥Wt, Gain Average gain
Rat Nos. in grams in grams in gms. of group (gms)
A '
%h wheat, b.d.
1211 29.8 122.0 92.2
1212 32.0 115.0 83.0
1213 71.6 141,0 6945
1214 59.0 136,0 77.0
1215 68 45 168.0 8946 82.2
#8 ,
Auto-claved yeast, b.d.
1216 41.0 37.5 #5wk 4.5 loss
1217 67.0 58.0 9.0 "
1218 57.8 62.5 4.7
1219 24,0 26.5 #3wk 2.5
#220 385 30.6 wdwk 6,1 - 0.44 loss
]
%h wheat, auto-ocl
yeast, b.d.
1221 34.0 130.0 96
1222 45.0 107.0 62 79.0
#FI10
Spinach, auto-cl
yeast, b.d.
1224 32,0 44,0 12.0
1226 18.0 weakling died
1226 3340 48.0 15.0
1227 31.0 45,5 14.5 13.8
#ll
Spinach, wh wheat, b.d.
1228 32,0 101,0 69,0
1229 29.0 105.0 76.0
1230 31.0 1056.0 74.0
1231 3340 97.0 - 64.0
1232 34 .0 119.0 85.0 74,0
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Vitamin B Content of Kele Gresns
Chert #1

11/5/= imt, No. Avere Wkly Time lio of Averg.
1:/29/28 per of age aver- of rats gain
day 1rats init- ege survi- survi. in wt,
Dist No. ial ochg val in ving of sure
wt, in dyas per. vivals
wt,

2
Kale

bed.s 1.0 8 35 1.9 63 5 12.6
72

canned

spinsch 1.0 4 43.6 =l.2 356 0 7.1 loss
b.d.
73

yeast 1.0 4 35,0 5.8 63 3 60.4
Dede

e ‘
Kale 1.0 1l 376 3ed 49 1l 33.5
bede
#5

Kale

wh wheat 1,0 5 58,8 16.2 42 1) 88,7
bDeds
¥3 .

Kale

auto=-0l 1.0 5 53.6 3.7 42 4 4.6
ysast

Dede
i

wh wheat 1,0 5 52.1 16.5 42 5 BL2.2
baed,
78

huto=-cl

yoast 1,0 b 44,6 1.9 49 2 O.44 losas
D.de
#9

Y¥h wheat ‘
auto-ol 1.0 2 49.0 14,0 42 2 79

geastl b.d

Spinach
auto=al 1.0 4 28 .5 2 , 49 3 13.8
aast , D.ds

Spinach
wh wheat 1,0 B 32,0 13.0 49 5 74.0
b.d.

be.de= basal diet,
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SULMARY

l. Dosth does not occur in the elbino rat when

the so0ls source of vitamin B is cooked ksle grecns.

2« %hen cooked kale greens are supplemented by

whole wheat to supply the vitamin F fractiun, a nore
mal growth ourve results wlth an average gain of
9.7 grums sbove tne normal control and 14,7 grams

above thu spinach control,

3« Cooked kale greens ere potent in the thermo=
stable factor of vitemin B, vitanin G and a faeir
source of the thermoe-lsiuile fastor of vitamin B,

vitamin F.

4, Cooked kale greens sre a better source of vitamin
F and an exceedingly better source of the vitemin

G frection of vitamin B than cooked spinach,
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