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4 STUDY OF THE VITANIN G GONTENT

OF OREGON BOSG PEARS

Imtr@du@ti@n

Since tho recognition of vitewmin ¢ (B2) sz an
casential foctor in bhumen nutrition, comparatively fLew
testy have bé@n carried ouyp qm the preponcso of this
vitemin in foods., Primarily bogause of this fast, the
progent pioce of rosearch was underbaken.

Historlecal

The multiple notuwre of vitemin B hag beon proved
and amplificd many times since Goldborger ond Lillie (1),
and Smith and Hondrick (2) gave satisfectory evidence
that vitamin B involved two Lfactows of imporﬁan@e for
young ratss One of thoso, now known esg vitanin G,
Goldbergor ealled the P-P vitemin, adducing much evi- |
dence thet it wan concerncd in the prevenbion and cure
of human pollagra,

Puring the post flve years ovidence has been pro=
gented indlceting the further division of the vitamin B
complex until, at tho presenmt time, Lour factors are not
only rocognized but heve beon more or less seporated,
and the probability of o% least on@.more is apparent.
Williams and Vatorman (3) showed in their experimental
work that pigeons required sgomething not needed by

young rabs, sineo normal woight of pigeons ¢ould not
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be maintedned on o dlet that supporbed normal growth im
ratse. Fhoge invogtigotorg found this unlmown factor, ree
forred o ag By, 10 be presont in whole vhoat. HKonnody
and Palmer {4), Hunt (56), ond Roader {6) prescnted evie
deneo for tho Alviglon of the vitemin B complon inkoe ot
loast thwoe components, all neeccosary for the nutrition
of tho rat. Lotor, Roader {7) gave more eonvineing covie
dence for the gepartito exilstence of threo factors, whon
she Qlocovwered it poasible Lo sonsenbtrate twe of them,
and found thot the third must 8tlll be added to enable
the animels %o grow %o mozimwm adult pisze. This third
factor gho Lirst called vitamin By, but wocontly hag poe
namod &G Be {8), sinco the pigoon g@@wth factor 45 neyw
dosigmated as Bgo.

Fho wmost roesont publi@a%iém& @@n@ernb@ with the
mulsiplicley of the vitanin B oomplex iridleote the prob=
abdl84y of sbill gnothoy factor. Ehick and Gopping (8)
have provisionally enlled thip “"Pactor ¥® ond belicve 4%
is not idontical with vitamins Bg, Bg or Ba« @hﬂg
"Pactor Y¥ appeers o be the oply one vhieh wilil withs
stend both heat and alkall.

Vitamin ¢ in Foodg. Uhile rovaluation of foody

in regerd to thelr vitemin B content hag b@@n‘limit®@§
some significont studies concorned with guch o problem

hnave boen cawried out., Huant (B), after investigoting tho
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vitomin B complex as conteined in vheat ond corn, found
that all the ratg me@éiv&ng no other sourco of vivemin ¢
developed gymptoms indleative of pellegra, indicating
thot vhont ond corn arc both low in %his factor. Alkwoyd
and Rosecoe (0) wade on investigation of vheat and malZzoe
kornels for tholr vitewmin ¢ contents They concludsed,
£iwst, that the vitcmin & contont of whout pnd melge ié
poor, thet of maizge being on the vhole lowwer, and gecondy
that the gorm anéd bran avc botier gourses then the onde-
speorm. Less oxmbtenclve oxperiments corvied on by these
seme workeres fndlcated that dried peps have o low vitamisn
¢ conbend; that drled moat and egg yolk are falr soureoss
and thab &rié@ o liver, yeast end vhole millk are excel-
lent gources of bthis factor. Vork by Hauge and Beadlo
(10) indicated that vhite bread contains seme vitamin By
buy, thot &b 1s doficient in G, and that whole wheat brood
not only contains viterin By but has an cmple supply of
vitumin:@ for grovuth. Hagle @ll);.in tosting honoy for
vitomin contond, found 1t devoid of both vigamin By and
vitamin G. Rosglend end Snyder (12) carried on & group
of oxperimonts for tho purpose of dotermining the relaoe
tivo pmounto of vitamin G in commereicl boef extract.
Rogulte ahowed that 207 of dried loan beof furniched sufe
flclont vitemin G for fale growdth and 867 for oxcollont

growth. Antmayer (13) found vitamin € to be o limiting
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foctor in rod kidney boans and lacking in polished riece
Amroyd (14) choved thet "wou® and Tparboiled” rice wore
beth poor sourses of vitamin £, ond also that millet 1o
low in this vitemins Vork of [Munmsell (18) imdicatod Chabd
vatermelon containe o small gquentilty of vitemin G.
Hoaglend (16) carvied on o govics of cxporimonts to dee
tormine the relative gquantitles of vitomin € in beof,
povrk, lamb, beef gploen, becf liver, pork liver, and beof
- kidnoy. From the rosulto 31t opvearcd that bool, pork and
lemb contoin appronimotely ¢ho some guantiticsn of vitomin
G Sploem, livor ond kidney Al furnishod endugh of thie
vitomin for excolient grotth.

Purpoge of This Study

The peloction of the bos¢ pear for investigation
concerning the vitamin ¢ content was mede primerily bos
cauge it was deoired $o add to the date nov accumulaiing
in gevernl dopartments ot Orogon State Golloge wregarding
this product. Extensive studles have been nede by tho
Agpicultural Brporiuont Station on production and moslket-
ings Thoe Cheonistry Dopartmont has finlehed recontly a
comploto ehemical omalysio of %hic variety. In addltion,
& Purnell regearsh project doaling with metheds of boklag
pears hao boen corriod on this yoar in the department of
Foods and Tutrition. )
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Mo work has been published on the vitaunin ¢ cone
tent of bose pears; heonce, this study hopes not only t0
gsupplenient these other studies conducted on this campus
but algo to add $o the ceewalating kunowledge of the

distrivution of this wvitomin in foo0ds.

Experimontal

Animalg

£1bine and pled rats wore used 1n the experinent .
Thege aninels were ralged in our own stock colony or 4in
the colony belonging Ho the Animal Hutyrition Depertmond
of the A riculbturel Duperiment Station at Cregon State
College. Our stocl: onimals have, watll this year, been
fecd for a awiber of gencralione on the fmith and Blag
nodlifiecation of Sher.on's Alet J13 (17) with the addition
of § grang of loan neat thwee timos o wock, 10 graas
of lettuce duily and 9 grams of yoast weolily, during
pregnancy end lactablon. Thls year sone variationp have
been madoe im our stocl diets end, as & rooulk, some of
the aninalyg have beon reared on the nbove dlet, others
on Shormen's wnnodlified dlet (18), and still others on
Steonbock's stoock dlet {19). Al of these diects havo
heon found adeguate for satisfactory growth and ropro=
guetion.

The animals were weansd whon twenty-one days

old and a2t twenty=eizht dayg of age were placed on



&

cuporinontalk @loto. Thic is the procoduro Lollowod by
Konnedy ond Palmer (4), Williams, Vebtomean and Gurin
(20). Reonge of voightc at tho beginning of the oxpeorie
mental perlod was from 88 to 63 grams, the everagd woight
being &P gramde

The oaoperimentel period continued for ten te
ploven weoke, from tho beginning of ¢the £ifth week to the
end of the fourtcenth or Lifteoonth week of the rat's life,
this being tho poried Quring whieh tho rat grows mogt
rapidly 4f given an adequate Qlet. Somo oxporimental
anfmels were also continued £or o poeriod of GO0F longew
time %o aseortain vhether any additienal offect might Ho
observed by such & proecedurss

Tho rats were kopt in individusld metal coges with
raiged gerosn bottoms to prevont eoprophagy. Dally coro
consdoted 3n rocovery of £esd, giving of fresh wektew,
fecding of cupplements, end making obsorvetions. Basal
raﬁi@ﬁ@ were glivem frecly bubt careful food weights wore
nodos The animpls vore velghed weelkly, or ofteneor vhon
nogessery, ond the amount of food consgwned was dotor=
mined and reocorded for thoe same wookly intervals, Supe
plements wepo fed daily eand immediate consumption wag
obtalnod by withholding basal dlots.

The cnimals were distributed on various oupsrie

montal diets with welght, sex and ancestry all teken into
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consideration in ordor that any influecnce duc to these
factors night be egualized im cach exporimental series.
At loast six animmlé were fed cach Sype of experimental
ration, end in most caszes more.

All rots were kept upon the bagal dlet alone until
growth hed cessed or & slight loss in weight had occurred.
Thigs periled ranged from seven to simteen days. Following
thig depletion period tho animals received the dbasal dich
wvith or without the addition of supplewents, according tao
the oxperimental series in which they were placed.

Basal Di@tg

Two basal dlets vere uweed in the experimeni.
Diet A, evolved by lfunsell {18} of the U. &, Bu-
reau of Home Economicg, is as follows:
casein (B and § free) «--e---- 18%
dentrinizcd staprch swececasc=s 38
vhole whilte coxn (ground] =--= 30
butterfal sescecrosveencrcacass

cofl 1ivor 0ll —eerocwseseeoemo

3&5 N @

Osborne and llendel salt mig,=«
100%
Diet B, used in the fherman laboratory as a diet
free from both vitaming By and G (37), was used in some

of the sewien:



casein {B and G free) oe-=-o-s 1879
doxtrinized stareh -ew-scsscss 66

tterfat ~ceorecosecvscsrossss
cod liver 0ll svmcrcomcsmemamue
Ogborne and Mendel salt mixs=«

ag&r D CIED ¢ €9 0 € £ GBS €7 €9 ER P & € 5 O S & £5 A S e

gw@t@m

106%

Diet & is not completely freod Cfrom vitamin G bub
hos boen ghown to be sufficiently lecking in thic vitae
min to produce tho sympioms, aftexr o long poriod of time,
usually atipidbuted to G avitaminonisy and it is well
adapted o oxperimental work in which tho additive effect
of & food maeteriel ig belng tosbed. Its selection in
proferenge to other vitanin G-free dlets was made be«
cause ouw laboratory doea not have fa@iiiti@@ for exten-
sive purification, and up to the present time no one has
found an eontirely satisfactory mothod that does not in-
volve great oxpensss

Preparstion and Purification of Constituonts of Bagal

Casein. Evens and Burr (21) and later Paluer and
Kennedy (4) found better growth in a diet in which come
morcial cascin was uged than with the purified product,
indicating thot the former probably carried some of the

growth promoting vitomin. Thore are sceveral methods



recommended by various nutrition laboratovies for the
purification of casein. Osborne, Wekeman end Ferry (22),
Sherman and Spohmn (23) extract with alcohol. Palmer and
Kennedy (4) also follow a method of alcohol extraction
after having preperved thelr caseln from waw milk by the
grain éurd method, HC1l being used a3 the preeipltating
agent. Chick and Roscoe (24) purify caseinogen by washe
ing in acetic acid ond then extracting with aleohol.

The wethod aedopted for our use wes evolved by
Stcenboek, Sell and Nelson (85) and has been used in obhep
loboratories. A preliminary test was made in our owm
laboratory to detormine the efficiency of this method in
obtaining a product comparable to that purified for vita-
mins B and ¢ in the Herris laboratories. Thoe results of

this %ecsb showed our cascin to be of like purity.

Oextrinized Sterch. Carbohydrates may be added to
the dlet in the form of starch or dextrin. Laboratories
vary inm this procedure. Osborne, Wakeman and Ferry (28)
uge starch and have dcmonstrated by many experiments that
it furnished carbohydrate in a form a&equ&t@ for the nop«
mal nutrition of the rat, Shorman (23), Kennedy and
Paluer (4), Willieams and Vaterman (3) ond Steenbock and
Gross (26) dextrinizo their starch. Chick and Roscoe (27)
use rice starchs The method used in ocur leboratory is

that deseribed by Palmer end Fennedy {(4) in whieh the
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doxtrin ip made from corngtarch by autoclaving the sterech
aftor moigtening with a 1% citric acid solutions
Buttorfet was preparcd by melting fresh creamory
butber, produced at Oregon State College delry, at &
temperature below 60% €., docanting and filtering through
abgorbent cotton in order that thoe selts and waler progs
ent might be rewmoved. Palmer and Konnedy (28) and
Osborne, Vokemen and Forry (22) used this methed.

Salt Bixture . Osborne and Mendel Salt mixture

{(29) was uweed ian the bnsal diests. Uhis is one of the well
- recognized salt mixtures for meoting the mineral roguipe-
ment of the ret.

Cod liver oil (Squibbis) was used throughout tho

experiment in the basal diets as & sourece of vitaming A
ond D. Laboratories diffor as to their methods of adding
this factor to the diet. Akroyd, Chick and Roseoco (® and
27) give daily doses of 0.08 to 0.1 grame. Neryenan and
Drummond (30) give 8 to 6 drops twice & woeek. Sherman and
Sendels (32} included it as 3% of the basal diet. OCuwp
method of feeding, incorporating it ag 27 of the basal
diet is followed by Williams and Veteemen (33), Axtmayer
(13), Iunsell (15), Quinn and Brabeek (34) and Sherman
end Spohn (23).

Vnite Corn. The white corn {Champ White Pearl)

used in the cxporiment wos obtained from the Portland Seod
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Ceompeny, Portlend, Orogon, and weg ground in our ovn
laboratory. The ¢orn was incorporated as s source of
vitamin Bys and vhile vitemin G is not entirely lacking,
its content has bsen shown to bo very low. Iluasell {(18)
found it sufficliently low in thig vitemism o produecc
rocognizeod viteauwin ¢ deficlency syupboms.

Bese Pears. The reasons for ¢he selection of boae

pesrs as o popsible source of vitemin @ have proviously
been stated. Because of the othor experimentel work being
done on pears in our institubion, we were able to obtaim

a product harvested and ripened under careful supervision
and stendard conditions.

The bose poars uged in tho oxperiment wore hapr-
vepted, ripensd and stored under the dirsction of the
Department of Horticulturs, in accordance with the pros
codure now vsed fop market practices. The pears were
orflored through lir. Henry Heritman and were hervésted by
the Pinnacle Pucking Company of MNedford, Oregon. All the
poars had been harvested by Scptembor the thirtecnth and
placed in storage ot tho Southern Orogon Branch Expeorimont
gtation at a temperature of 52° F. The lot from whieh
these experimentel pears come Was shipped by enxpress,
arriving in Corvallis on November the fourth.

Immediately upon arrivel, the pears were placed in

a ripening chember and ripened under the direetion of Iir.
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Oscar Dowd and llr. . L. Rygg of the Deportment of Horti-
cultureo. Temperature of the ripening chowmber was held ad
approximately 65° P. Tho ripening process took six days.

A%t the ond of the period the podrs were delivered
to UWinkley's Creamory vhere they were held at approxie
mately 32° P, for two days, and were then delivored
preparabory to tho drying procosss

The drying of the pears was done under the diroce=
tion of lir. Thomas Onsdorff of the Horticultural Products
Departuent. In preparation the pears were cut longthe-
vige inte guarters. They wore thoen laid on metal sereens,
with the okin side down go that the inside would not o
in contact with the metal. Nexbt, they were placed in an
Oregon Tunnel Recirculation Prune Dryer, which had boen
preheated, and were dricd at o temperaturc averaging
160° P. (nover in excess of 165° ¥.). Dry air was kopt
noving by a clreulating draft ab agbout 600 feot per min-
ute. The pears wero allowed to dry for a period of 64
hours., Aftér drying they were tightly sealed in muwber
2 1/2 cens and opened only for immediate usc.

Chemical analysis was made on the poars by lir. Do
Es. Bullis of the Chemistry Dopartment of Oregon State
College. Results of ash and moisture analysis are showm

in the following:
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Metovure on L£logh =%e 80,19% TPOR =mommoasue .000189%
Agh e-epsﬁf#@m@@a@.mqw;mma 0 820 E’Z@gn@@im eIy o @?j’@@
Alkelinity of aoh wwee 4,863 Phesphorug weecs 0168

Insoluble and gllicas 00080 Sulfur cososssee 00867
fodium weewemsowesass  JO0634  Chlorine cocose 00067
Potapgium eeevessesse 4150 Crufe Llber «=e 1448

The £ruit woe cored but nobt peelod. A eomposide
somplo of one quarber of cach of 26 fyults wos uved Lop
the cbove annlyses, oxcopt Lo erude fiber vhon ono quars
ter of cach of 10 fyults was used. All porcontages werso
caleulated on tho fresh frult banis.

The moieture content of the bose pear baken £yrem
pamplos dricd by tho above outlined procoss was found o
be ©eG¥54

Autoclaved yeoust was vged es @ known souree of

vitemin & for comperigon with poar in this Lactors
Goldborger and Lilldo (1) obsorved that there was no
dostruction of the vitomin @ contont of yeast vhon hoated
in the émﬁ@@l@v® at 18 pounds prossure for two and ongw
el houvrs while the B1 factor vns dostroyed to o cone
gldoraoble oxtont. Swith and Hendelck (2) autoslaved dricd
brewora?! yomet Ffor giz hourg at fiLteon pounds prossurd €6
ocbtaln a substange freo from vitamin B3y but contelning
vitomin @, Hunt (6) obiained desired resulis vhen outes

cloving for Lour hourp ab 16 pounds Presguro.



14

- The most rocent coxperimental work on cutotlaved
youot al o soureo of vitomin €@ indicates that ho hydrogen
ion concentration has gome influence wpon the rotention of
the @ factor., Willleams ond Vaterman (20) carricd on &
gerics of experiments determining the effoet of verying
the pH of the yenst before auboelavimg. AfPer six hours
autoclaving at 16 pounds pressuro in o very wvealk acid
{pHl 4+5) conslderablo smounts of vitemin By opparently
remained. Alkeline autoclaving offectively desgtroyed tho
vitamin By bub serious losses of vitamin € were nleo
found. Thus, whileo their work choued that hydrogen ion
concontration vas importent, they cstablicshed no bobter
mothods for treating yeoast to destroy nesimm ewounts of
By ond retain & maximum guantity of vitemin G.

Reader (6) hoated yenst extract for onc hour ab
120% €. at pE 2.0 to rotain vitemin & end showed, through
rob-growth experiments, that this fector was still prosend
in yeoast. Sueccesgful destruetion of the € factor was only
necomplished by this investigotor after o six hour extras-
tion with ether.

Chick end Roscoe (368) fourd eppreximetoly 50%
dostrustion of vitenin ¢ when heabing yoast for two hours
ot o Gemperature of 981000 C. and ot & pE 8.3, They fupe
ther found thet yeast at the normal hydrogen ion coneens

trotion (pH obout §.0) suffers no determinable loss in
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vitemin ¢ content after being stoamed £or twe hours at
98-100° C.
| From this ovidence we have soncluded that auto-
claving dry yeast for five houwrs at 15 pounds progsure ald
the origimal hydrogen ion conecentration (pH 6.0) s oufe
ficlont for destroying the vitemin By factor and for po-
taining the @ vitemin sufficient for nowmal growth waon
fed et o levwel of 0,8 gramg dally.

| Thet this method of auboclaving is eoffoetive vag
furthor detormined In @uﬁ ovn lobopatory in o gerien of
proliminery toots when symptoms of polyneuritis wore
readily developed on & purificd dlot (Diet B) supplee
mented by this autoclaved yoast. %Tho fact that the addie
- tion of sutoclaved youst to the basal diob (Diet A) sup=
| plem@ntslit to the oxtent that n@rm@l growth 19 obtained
further indicates that our mothed of autoclaving was |
sotisfectory. |
Dried Yeast. 7The dried yeaet, used im Cthe ox-

- periment, was obtained from the Ploischmann Yedsd Com-
pany, Wew York Glty. 7The analysls of this yeast wasg ag
follows: wmoisture 7.448, protein 48.87%, fat 1.59%,
glycogen 28.0%, colluloss, gum, otes 6388, ash 8.0,
The hydrogen fon coneentration wis found to be PH 640.
This was changed to pH 5.0 after autoclaving for {ive

hours at 15 pounds pressurc. 0.5 grome of this originnld
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yeast furnished growth vhen added to o bagal diet others=
vise complete.

Plen of Experimental Scriocg

The animels were divided into ten groups with sim
to cleven rats in each series. Uhile the smell number of
enimals in cach group prevents the drawing of dofinite
conclusions, the results obteined at loast allow cortainm
predictions %o bo made.

Two groups of negative controls wore ostablished,
not only because it was degived to secureo gymptoms of &
avitaninosig but primarily to test the & doficiency of
the basel dist A

Serles I. Diet 4 alone.
Series IX. Diet B alones

To prove that our basal diet A was adecguato with
the exception of a source of vitomin G, three positive
control series were cstablished.

Series III. Basal diet A& plug 0.5 growns

of autoclaved yeast fed ms a dalily supplomnent .

This level has been found sufficilent Lfor sup-

plying vitenin ¢ by Akroyd and Roseoe (38),

Axtmayer (13), and Chick end Roscoe (36).

Seriecs IV, Basal dlet A plus a dally
supplement of 0.5 grams aubtoclaved yeast and

0.5 grams dried pear (equivalent to 4.15 grems
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fresh penar). The pear was added, in this case,

Tor tie purpose of determining 8 the basael died

supplemenbed by aubtocloved yeast wes adsguate

in itgell for gupporting maxilmvm growth.

Series Ve Bacel diet B plus 0.8 sromd

of driecd yoaust fod ng o daily supplonents

The rcuoinder of the oxmperimontal sericg wag con-
corned with the foeding of variouns lovels of &rled poar
a8 a source wf vitanin ¢ as detly oupnlowmeonis to the
bagal diet L. The pear vas fed with the purposce of
dovormining, if poeslible, tho anovwnt of this food needed
vo produce in o rat, on a Alet othorwise devoid or noaply
freo from vitamin G, o three grans galn por week over &
perlod of cight wooks. This is the measurs for a unisd
of vitamin G that Hag been @sﬁablish@& in Shorman’g
laboratory ab Golusbia University (S9). In the ovent
that the basal diet proved net o be gufficiently deveid
of the ¢ vitozin to nointoln a stationary weight throuvgh-
out the ecxperimental period, at lenet on alditive effectd
wigot be observed vhieh vwould indicato the relative riche
nesg of bost peer as & gsoureco of vitemin ¢. Thus, the
esperimentel series wore arrangod ag folleowsy

Serics Vi. Dict A plusg 0.5 grams dyied
bose pear (equivalent to 4,186 grems Tresh peed)

fed dailye



18

Sorles VII. Diet A plus 0.75 gromg
dried pear (6.23 grams fresh) as a daily
gupplemont «

Serics VIII. Diot A plus 1 gram dricd
pear {8.20 grams frogh) fod dally.

Sexies IX. Diot A plus 1.5 grems dried

pear (12.44 grans {resh pear) fod daily.
RESULTS

Dis@ussion

Serieg I ~ Basal Dict A. (Taeble I,)

In observing Table I 1% will be noted that there
is a wide veriation in tho gains made during the 8~week
experimental pericd. It is shovm that animal € 1021
gained only & grems and that animal 9 1025 gained 26
grems Quring this perlocd or that 1021 made only 11.54% of
the gain mede by animal 1025. Such & wide variation 4o
difficuls to oxplain. The animals wero of the game sexy
they were littor metes; they were subjectecd to exactly
the seme laboratory conditions; and their diet romained
the same throughout the poried. Furthermore, the dif-
ference cannot bo accorded to the wide varietion in food
inteke since the nvorage food consumed by 1025 was 39437
grams s while that conswmned bj 1021 averaged 37.50 gramg
or 90.2% of the food intake of 1025, The explenetion
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will opparently have to be cought by observing thoe trend
of woights after the 8-weck peried. Bolow avo given the
weights of the two litter mateos both placed on basal dict
A ond carried for 16 weeks, a period twice as long as that

cstablished as experimental.

No. Deplotion pericd Veight at Welight at Weight atb

gex  Beginning  Bnd ond of ond of end of
' woight weight  Beweek 12~weclk 18-weock
period period peried
2 1021 41 av 50 58 59
? 1028 36 a5 71 78 9

Caleulating the average gain mado by the two
enimels, 1% is found that 1021 made 41,87 of the gain
made by 10285 over tho 16-week period. <Comparing this
figure with 11.5% for the original experimentsl period,
1% may be observed that apparently the weight of animal
1025 tends to be leveled off and more nesrly approaches
the low rabte of gain charactoristie of 1025, Figures
show that practically the same gein was made by the
animals during the 8+ to 16-wesk poriod,

| The faet that the average gain for this series is
epproximatoly 2 grame (1:92) indicetes thats (1) the
constituents of the dict are not entirely freed Lfrom
vitamin @, (2) that some othor growth promoting factor in
present, or (3) that the experimental animal hes bodily

roserves of a growth promoting vitemin.
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There are at least two vossible sources for vita-
min G in the basal diet, the casein and the vhite corfe.
Goldberger and his agsoelatos (40) showed that casein
still may have pollagra-prevenbing velve altor boing
leached in acidulate& water for a week with the water
changed daily. Chicik and Roscoe {24) bolieve that they
can render their casein practically free From vitemin ¢
only after prolonged oxtraction with 50 or 70 acidified
alcohol, drying and roasting for % days at 120° ¢. It
was showm in this laboratory that a purified diet, in
which ¢asein wasg the only possible source of the G vitae
min, produced & loss in weight of 8.4 groamgs and death
within a 8ix veek period, thus indicating that tho dled
vag practically free from vitemin §. It has previously
‘boon mentioned that Munsell {15) found white corn to be
not entirely lecking in vitemin @, but suficiently dovold
of it to produce G deficiency sympboms.

" Even though the weight curves of enimels on bagal
diet A show e 1little more growth thon maintenance through-
out the exyerimental period, observation of tho other eu«
perimental series will show thet growth was restricted %o
a point decidedly below normel, and that wh@n supplementod
with eutoclaved yeast, & proved source of vitemin G, the
rate of welght inciéase was 86.94% greater than on basal

dlet A unauppleméntedp
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Symptons of vitamin G deficlency rocorded by ine
vestigetors have been somevhet varied. Goldbergor and
Lillis (1) published thelr cbservations in 1986 in which
they rocord: errest of growth; o tendency for the Llids
of the eyes to adhore togefher, and often an accumula-
tion of dried seoretion on the nargins of the 1ids;
loge of fur which usuelly bepen in irrvepularly distribs
uted patehes, often first noticed on the side or over the
top of the head, the gsides or front of the nock or in the
reglong of The shouldersg, in sowe cases vosulting in ale
most complete denudation: the developuent of dermatitis
with or without the loss of fur on wvarious parts of the
bodys d@finiﬁe reddening and thickening of the ears with
a yellowigh inecrustation of dried serums In a fev cases,
1t was observed that the onimals presented a linecar Lige
suring or uleeration at the angles of the mouth. In a
somewhet lerger number of cases there was observed a
lesion at the tip of the tongue. Diarrhea was noted in
two 6as08. The shortest period recorded by these in-
vestigators in vhich dormotitis appeared was approxie
mately seven weeks.

Chick and Roscoe (27) described the condition of
rots on g Glet deficient in vitemin ¢ in tho following
manners "The body welght was ueuslly maintained, bub

tho enimals were in poor condition; they were thin end
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active, wilth rough coat end with uwrine slightly blood
stained. T.oss of hair tool place and red inflomed
patches of slin gppeared on the nose and on the backs of
the fore fect, uhileh later becare edemctous. Thore was
a marked conjunctivitie and in some cases the cars alsgo
became red and thickened, The influmed arcas sproad and
often involved the kind legs ond whole sreas around the
nose and mouth; sonetimes tho chost became bare and in-
flameds The animals survived 8 to 3 woeks or longer in
thig copdition before death: ocecurred. On post mortem
oxnamination there was no definite macroscopic signs ex-
cept & very wnlhealthy condition of the whole allmenbtary
tract, especially in the suell Intestines which showed
signg of atrophy of the mucug membrane and often cone
talned blood-stained mucous."”

Chick ond Roscoe (24) later reported that om a
pasal diet supplementod with Peter's sntineuritic con-
centrave asg 8 sourcc of vitamin By but free from vitanin
G, welghts of young rats were kept ncarly constont for
three months or nore, with falr appetite and no ocutward
symotoms with the exception of skin abrormalities similapr
%0 those previously described. Shermen and Zandels (32)
reported that when vitamin G was restricted within cer-
tain limlts, pellagra-like symptoms appeared slmilar to

those described by Goldberger and Chick and Roscoe,; bub



thoey furthor reported that in cnses of almost complete
deprivation of this vitemin, Goeth frequently @@curred
without the doyelopmont of econaplcuous skin sympionss

Sevore symptoms of @ avit@miﬁ@sﬂ@ recorded by
these investigetors have not been observed in our labe
oratory but some of the tharacteristic symptoms have boen
noted. DPuring the 8-weock cxporimental pericd, the only
digscornible roections to G deficiency have boen the low
rate of growth, sluggishness of novements end appercontly
a lowewring of vitalidy. A6 the aniwmals have boon carried
on over & period of several monthg, other charactoristiecs
have appeareds The skin bosomes dry and the fur loses
its luster and £alls out casgily. Sluggishness becomoeg
oven more appeorent as the period longbhons. Bars, teils
and feect haveo taken on rather o bluish east. Auvtopsies
performed at the end of the Beweck oxperimental poricd
show no definite signs of‘@efi@i®n@y exgcept that all
organy appear to be undersized, just as the animal is ree
torded in growth. Fhe faect that we 4id not obtain sympe-
toms found by previous investigators mey be explaeined by
o store of vitamin G in the animal body, by & lov vitemin
¢ content of the corn dlct, or by tho presence of somo

othor fastor associated with the ¢ vitamine
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Series I1. Basel Diot B (lacking vitaming By end G).

(Table IZ.)

This sorics was inbtroduced for thoe purpose ef tegt-
ing the easein ags @ possiblse gourece of vitemin G. Ro-
sults in Table II show that a raplid decline in weight (an
average of 8.4 groams) roesulted when animals were ro-
stricted to this dlet, and thet death octurred within a
6=-weock period. This would indicate %hat our mothod of
cageoin purification waa satisfactory end that the enimals
rogerve store of vitemin ¢ wag soon oxhausted if placed
on & dGlet lmeking this factor. From these results it
would appeayr that corn is probably the only constituent

of basal diet A which contains small amounts of vitamin &.

Sories I1I. Besal Dlet & plus 0.5 grams of
autoelaved yoast. (Table IIL.)

Obgervations of the woight charts and tables for
this series show that the addition of 0.5 grams of auto-
claved yeast Yo basal diet A supplies e growth Lfactor te
such an exvent thet noymal growth is obtained. Average
goins for this sories show a weolight inerecase of 14.69
grams por week over the 8-week period, whieh is well with-
in the stendard cgtablished by many outhorities for normal
growth. PFurther observetions of these figures will show

that the average growth on this sories (14.69 grems) was
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soven btimes greater then that obteined from féeding bagal
dict A unsupplemented (1.92 grems), further indieating
the efficicney of autoclaved yeast in providing vitemin 6

vhen fod et a level of 0.5 grems.

Series XV, Basgal Diet A plus 0.6 grams of avboclaved
yosst plus 0.5 srewms pear. (Table IV.)

The inclusion of this series in the experimental
plan was for the purpose of determining whether the addi=
tion of 0.5 grams of autoelaved yoast to the basal dict A
produced meximus growth or whothor further sddition of
vitemin G, as supplicd by pear, would produce added in-
ereags in woights At the present tiwme indications are
that the addition of 0,56 gramsg of dricd poayr have a sup-
plemontary offect; producing an added smount of growth.
Averege gain obteined from this seriocs was 19,56 grams,
while that obtained {rom basel dict A with 0.8 gremg of
autoclaved yeast as the only supplement was 34,69 grams.
The growth on basal diet A plus autoclaved yeast was only
74,43 of that produced when 0.5 gramsg of pear woere added.
This fact indicates that the pear is supplying some
limiting factor in the diet which 1s a growth faetok.
Such o conclusion as this can hardly be drawvn due to the
fact that we are compering four snimels in series IV with

nine animals in series IXI., 8ix litter mates ars still
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being continued on thisg diet in order thet the number of
cases will be more comparable. Indications fron thise
group, which has been on the diet for a period of 5 woeks,
would seem to ghow that the additien of pear to this
positive control group (basal diet A plus 0.5 greams auto-
claved y@@@é) hes no supplementary offect. Tho average
gein por weok from these two sories at the ond of the 5
week period wag identical {21.40 grems)s This would
indicate that the meximun amount of vitewmins By end 6 was
supplicd in tho positive control group, all essential
growth factors being presents Drawving conclusions from

a perlod of this length of time is tho practice advocabted
by Akroyd end Rogceo (8} im which they disregard the first
week's growth and uge average weekly growth during the
following 4 wcoks aa the stenderd for gomparison. Sheye
man (40) also stetes that pumerous unpublished data indi-
cate that an experimental peried terminating at the ond

of 4 or 5 weoks gives better results. This was found to
be particulsrly adviseble when fractions of food products
vather thon the natural materiels were being tested for

thelr vitenin G valuess

Serieg V. Basal Dlet B plug 0.5 groms of

dried yoast, (Table V.)
Since thig basal diet substituted with 0+5 grams
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of dried yeast has boeen found satigfactowy for normél
growth. This series was introduced as & check against
other positive control scries,

Dricd yeast as a gsource of vitamin By has been
recognized for gome time, and its velue as & source of
vitenin G ig now apperent. In 1929 it was reportod by
Akroyd and Roscoe (8) to contain & to 10 Akroyd-Roscos
vitemin G units per gram {the smount required daily to
maintein a weokly gain of 11 to 14 grams)s Quinn, Whalen
end Hoartley (41) found 10 to 30 Bourcuin unilts por gram
(2 to & grams gain weekly}. The figure for average gaim
of animals In scriles V, 15.08 grems, indicates that thip

diet adeguotoly gupplied vitomin G.

Serleg YI. Basal Diet A plus 0.5 grams

of dried pears (Tabic VI.)

The poer was added dally te the bagal diet as o
source of vitawin G according to the methods outlined
under experimental procedure. Observationg of Table X
(Summery Table) show that the negative control group on
the unsupplemented dlet 4 made an average galn per week
of 1,92 groms. Vhen 0.5 grems deily dosage of pear was
fed in addition to this baosal diet, the average gein was
4,70 grems per week or approximetely o galin 2.5 times

greater than the basal diet aloncs
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Serdes VIT. Besal Diet 4 plus 0.76 grame

dried peer, (Table VIT.)

The growth'figureg of this grouwp are of value fopr
comparison with thoese of both the bagel diet unsupple=
mented, and when supplemented dy 0.5 grems of dried poare
It is ghown that about four times as much galn wag made by
enimals of this series eg by those of series I (basal
diet A). The average gain of series ¥ (L.92 grams) s
contrasted with 7.5 groms for this serics. Observation
of average weight for sories VI (4.70 groms) ond series
VIIT (7.5 grams) 4indicate that wi%h the feeding of a

fourth more peer l.6 times the smount of gain 1s obtalned.

Scries VIII. Bagal Diet A plus I rram

dried poer. (Table VIII.)

In comparing the growth figures of this group with
thoeso of previous groups 1t m@y be geen that the rate of
inercase i1g not im the some proportion ap that found bes-
tween serieé VI and VIXI. @h@ asgunption would acem £0 bHe
that et this level the point where vitamin G is adoguate~
ly supplied is more nearly approached, and on a higher
lovel theo growth deficlencies oxhibitod by the lack of
the vitemin would uwndoubiedly be less. This view may be
gtrengthened by the fact that the aﬁimala in both series

consumed approximately the same smount of food. Varia-
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ticng in results in series VIT and VIXY ncy have Deen
influenced by the wide varistlon in weighbs at weaning
and at the 20-dsy poriod vhen onlmals were placed on a
deplotion diet, Difforences in the growth Pé%e might
elso have been duc te the differences in the diet of the
mother, ag varlation in stock dicts did oeccur whichk have
previoualy been digcugsed. These ere factors which could
not very well e controlled in ocur laboratory due to the
fact thet the nunber of aveilsble enimols wes not large
ecnoush to discrimimate carefully ss to ancestry end
weight, It is felt%, howevor, that more animals need to
be inelnded in vhis experimentel geries before a {finel

understonding of the results can bo obtained.

Sories I¥. Basael Diet £ plug 1.0 gromg

of driod poar. (Tablo IX.)

This experimental series serves to strongthen
meny facts vhich have previously been obsorved. It is
found by a study of figures concerned with weight gains
that the increase is about five times that made on basal
dlet A (9 groms in contrast to 1.92 grems). It 1s also
soen that 1t is sbout twice thet made by animels vhen
0.6 grams of dried pear supplemented the besal dlet (9
groms in contrast to 4.7 grems). Purther, it is ob-

sorvel that enimals in this scries nede & gein sbout
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two=thivds as great as thet made by the positive control

sorics IIX (9 grems and 14.62 gramg).

Sumnary of Resultg., (Teble X and Chart X.)

Table X and Chart X illustrate tho comparative ré-
sults obtaeined upon each of the diets used in this ine
vestigation. It will be noted that increasing the amount
of pear ovidently supplied inereasing cmounts of vitamin
G and more nearly approached the vit@mim ¢ content of
autoclaved yeagt. Sinco weight incresse is in proportion
to the level of pear fed, it is possible to approximate g
wit of vitemin G contained &n boasc pear. The average
gain for the four levels of foeding is found to be 4£.96
érams above the gein made on the basal dlet A alone. The
1.0 gram level of feeding is thoe middle lovel of the geries
established. Therefore, 1.0 groam of pear supplementing
bagal diet & will produce approximately 4.96 groms in
welght . Translating this into Bourquin uwnits (3 grems
gain per week), it is found thet 0.59 grams of dried poaw
(464 grems of fresh pear) contain a unit of vitemin G.

& second evaluation mey be made between bosc pear
and autoclaved yeest in providimg vitewin G. Normal
growth cgual to that obtained when 0.5 grams of autoclaved
yeest supplemented basal diet A {(14.69 grams) might have
been atteined if epproxtimately & grems of dried peay
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(2.97) or 246.87 grams of fresh pear were fod as a daily
supplement to basal diet As

Conalusion@

ls It has beon demonsgtrated that corn contains
vivemin Bl sinece no polyneuritis developed when fed as
309 of the diet.

B+« The whito coxn used im the oxperiment was not
~entirely free from vitemin €. 4 gain in weight approsie
mating 1.9 grems per weck was obtalned over the 8-week
oxperimental poriod.

3s Autoclaved yeast, obtained by sutoclaving dry
yeast for © hours at 15 pounds prossure at the original
hydrogen ion concentration (pH 6.0}, wheon fed at 0,5 grem
level supplemente white corn in vitemin G end normal
growdth can be obiained.

4. VWhon vitamin By 1s sdequately supplied by
white corn, vitamin @ is furnished by bosc pear in the
same ration as thé gquantity supplied in the dliet. The
greater the amount of pear the greater the gain.

B, Under the conditions of this investigation it
eppears that 0.69 gram of dried pear (4.64 grems of fresh
pear) contains a Bourquin unit of vitamin G.

6. It is believed that normal growth might have
boen obtained had the pear been fed ot o higher levele.
Approximetely 3 grems of dried pear (2.97 grams) or
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24.87 grans of fresh peax would be netessary to produece
growth oqual to that obtained from the corn dbasal dieh
supplemented by 0.5 greams of eutoclaved yoast (14.69

£r8 ) o
S@L@m’f

1s The supplomentery effost of bose pear in
providing vitemin ¢ %o o basal diet in which vitamin By
was supplied by corn has been studieds

2., Sevore symptomg of & avitaminosis rccorded by
investigators were not obtained during the 8-weck oxporis
mental period, but intrease in growth was lou {1.92 gromsg
per wook) .

8, ZXIncreased amounts of pear as o supplement to
the basal diet in which vitamin By was suppliocd resulted
in increases in growth rate.

&. A tentative figure is suggested ss a unit of

vitanin G in bosc poears.
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The Bffeet of o Diet Low in Vitamin G.

The Bffect of Basal Diet A -- Vitamin By Susnlied in Uhite Corn
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3 1021 14 41 47 50 3 @,37 500 37?5@ ,009
§ 1023 14 8 48 67 9 1.2 292 36.50  .030
? 1028 2e 36 45 71 26 3.285 315 89,37 088
T 1068 10 36 48 74 26 3.25 301 37,50 086
& 1074 8 35 36 82 18 2.00 246 30,75  ,065
& 1084 13 48 55 63 8 1.00 249 31,12 .032
d' 1092 13 B84 67 &1 20 2.50 240  30.00 083
Avereme 12,2 4L 49,4 68  15.4 1.98 277 _ 34,55 _ .086
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Table IX.

The Effect of a Diet Devoid of Vitamin B Complex.

The Effect of Basal Diet B - Purified Diset Alone.

B “Body veight \arems) ¢ TT0od iIntakc |grems): Av. Loinm or
8ex 3 inicial: End : Galn ¢ Av. gains Length 1 Yeod : Av. food ¢  loss per
and 3 4 : or 3 or loss:  of sconcumeds per vk. § gram food

nunber ¢ g s _lcss 3 _per uk.s period : 3 3 per uk.
? 1017 55 46 . «9 =1.80 5 vks. 178 34,40 =059
? 1018 54 58 ~16 <4.60 g4 122 50,50 =.132
% 1088 39 6 -3 ~0,75 & vks. 90 21.75 =054
: 4 days
d 1024 47 38 -9 ~1.50 6 wka. 123 20.80 =073
? 2007 40 35 =5 =0.83 6 ° 146 24.3% - =,034
ﬁver@_&@ &7 . 38 . "_"80‘% =1 o?'? . Se 1 13C.6 %929 ] o 06’6
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Table IIT.

The Bffect of Basal Diet A Supplomented by 0.5 CGrams

of Autoclavod Yeast as g Source of Vitamin G.

s Depletion period 3 “TYERE T0eK Pevica S
Sex g spody weight (grans): body weilgnt (prdug)s Food inteke  :AV. gain
and ¢ Lehgth! Seginning: Imd  Finals GainifAvy geins 100G :Ave 100U3DOP Srom
number 3 (days): 3 2 2 : per wkesconsumed: per wks:;food per
. . 3 3 _ S . . 7 . weslk
g 1022 — 40 113 71 9.00 560  70.C0 129
2 1022 —e 58 178 130 16400 595 74435 215
£ 1026 v 38 158 120 15,00 592 74,00 202
? 1048 7 57 &4 185 141 17,62 493 61,62 283
? 1069 10 84 45 164 119  14.89 535  66.87  .228
¢ 1075 8 33 38 130 92 10.85 398  49.95 206
d 1080 11 a7 51 207 156  19.50 596 74,50 <262
% 1088 14 43 28 148 160 12.50 358  44.75  .278
? 1001 13 60 68 194 126  15.75 520  66.01  .238
& 2033 16 39 54 191 137 17.12 576  72.00 »B37
§ 2038 16 3@ 20 194 150 18,75 590 75.00 280
A&é@ge 12 42 49 169 122 16.05 561,11 70.55 __ -237
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Table Ve
The EfTeet of Basal Diet B Supplemented by 0.5 Grems of

Dried Yeast ag a Source of Vitanin B Complexn.

_ : DepicLion Period s - Blint wWeek poriod T
Scx 3 “sBody weight (um* g% 15@@2 W’:_i“ul'\i (("?ramg% Yood intakc  tAV. gain
and s Lenigbh: Beslmning:  wnd - ¢Fineliy GOLAsAV. gailn: Food $AV. food:der grad
muber ¢ (&ays)“ $ 3 3 : per uUK.:conguzed: per wk.:food por
s s ’ s - g 3 3 3 3 ueek
d 1028 o 42 152 ° 110 17,14 492 70.00 244
‘ (7 wks.) T
§ 1012 - 36 114 78 9.75 558  69.75 <140
§ 1009 - 38 160 322 15.25 £10  63.75 240
2 1004 — 36 157 121 15.12 502  65.85  .231
2 1008 -- 34 | 155 119 14.87 472 59.00 252
¢ 1085 15 45 49 152 93 11,62 410 51,85  .288
£ zo09 15 40 48 129 81 11.57 416  59.42 .201
_ {7 wks.) B _ -
Average 86 48,6 148 106 15.05 480 B2.65 o219
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Table V¥Il.
The Effect of Basal Dilet A Supplemented by 0.75 Graus Dricd Pear

{6.23 Grams Froesh Pear) as a Source of Vitemin G.

$ - Depletion period 3 o T wisht veek period '

Sex 3 T :Body velgnt (gredo): BOUy Ueipht (frams)s_ FOOG InLolo Iy P gaﬁ

and ¢ Length: Eegiming TEng | :Final: GainiAv. geing  FodU  hV. 200C0:per gram
mmber (days)o £ S 3 ¢ pveyr TK.zoonsumeds per wks.:food pep
UV ST S— S S SU—.3 AP, SR S .1
d 1070 10 53 45 05 50 625 332 41.50 128

& 1072 10 24 54t 100 66 8.25 336 45,75 180
£i07m7 8 32 54 103 89 8.62 309  38.62  .223
? 1078 8 28 5 90 55 687 315 39.37 .14
2 1082 15 é1 51 124 73 2.12 395  49.72 183

g ioes 14 40 60 1i8 &8 7.25 356 44 .50 - 183
¢ 1093 15 50 58 101 43 5037 268  33.50  .160
Average 11 85.4  46.3 104 59 "7‘51 - 534_042 41.60 173
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Table VIII.

The Effeet of Basel Diet A Supplemented by 1 Gram Dried Pear

{8.29 Grams Fresh Pear) as a Source of Vitemin G.

3 - Depletion period g Lignt Week peraiod ‘
Sex g sBody meiﬁht (crass) s Body veisnht lgrams)s ¥Food intake  ::AV. gain
and 3 Lengths Beginnings bnd :Pinals Gainidv. gelins ¥Food AV, £00Giper gram
number 3 {(days)s $ H 3 s per wk.zconsumeds pey wk.sfood per
S : LA d g g WU S : ueek
? 1044 40 49 89 40 5.00 281 35,18 142
? 1049 7 38 35 115 80  10.00 336  42.00  .238
d' 1067 10 40 52 110 58 7.25 326  40.75 -128
¢ 1085 13 45 55 1315 60 7450 202 36,80 206
d 1088 13 40 48 88 40 5.00 216  27.00  .190
#1035 12 48 60 85 25 5.12 261  32.62  .095
Average  10.6 21 49.6 100  53.7 6.31 __ 285.3 35,66  .171
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Table IX.
The Bffect of Basal Diet A Supplemented by 1.5 Grams Dried Pear

{12.49 Grems Fresh Pear) as a Source of Vitamin .

: Depletion period % __ " Bloht Uook periog _ A
Sex g sBody weight {erems): BOOY Weigbo (gramS)s Faod’intake T SAV . gaim
apnd = 2 Lengths’Beginningz TRG . iFinoi: Cain:hve. g8ins Food  :AvV. food:per gram
number 3 {days)s 3 3 H s per vk.iconsuned: per wk.:sfood per
U, SN — S SN S SN M——_ eri ool
? 1045 9 39 50 oz 42 5425 265  32.87  .1859
4’ 1046 7 41 42 156 94 11,95 567 45,87  .286
g 1071 10 30 44 117 73 9.12 425  58.12 171
d 1073 8 36 40 110 70 8.75 420  52.50  .166
? 1078 8 29 34 118 84  10.50 355  44.37  .256
1098 13 54 54 128 69 8.62 346 43.25  .200
sverage 9.2 38 44 116 72 9,00  362.7 45.55 199

28
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- TABLE X.
Sumnary of Results of Feeﬁlng Bxperiments Showing
Effect of Bosc Pesr as a Source of v&tgmin Go

Ea T AUerage :__ Average Doty wWeipnt (grems)  (Food iNtakc [proms)iAv. Mot

Seriess Nooolength of:Tnitials Bnd of :AV. NCLiAV. Seins AVe XOF 3 AV. per sgaim op
no. : of :depletion: _ sdépletionsgain orszor lesg 3 period 3 week sloss pew
srates peried ¢ s period 3 logs :per Ueek: 3 18m.fo0d
s 3 Kdaysy s % 3 3 5 3 sper ult,
1 7 12.29 41 49.42  15.42  1.92  277.57  34.55 056
I i 5 "c":" 4? a‘”a ”8 '41@ °3~ ?77 150 o 6@ 26 029 - 0066 ‘
IIZ 11 12.00 42 49.00 1228.00 16.03 561 .11 70.585 237

IV 8 13,9 41.6  53.57 152.00 18,99 511,00  66.57 2989

v 7 18,00  36.0 48,50 1@5,@@ 15,05 480,00  62.66  .219
v 8  11.25  39.9  48.94  39.%5 5.22 288,11  86.01  .250
VI 7 11.0 35.4 45,26 59,14 7,51 836,42  41.80  .173
VIIZ 6  10.6 41.0  49.66  53.70 6.51  285.35  35.66  .171
k24 3 9.2 8.0  44.00 72,00 9.00 362,70  45.33  .198
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