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Abstract:
1 2.5 grams of raw potato daily did not give guinea pigs adequate protection against Scurvy.

2. 5 grams of raw potato daily were equivalent to 3 ec of orange juice in their antiscorbutics value.

3. 10 and 30 grams of raw potato daily appeared to he similar to 5 grams of raw potato in their
antiscorbutic value and support of growth, 4. There is some evidence that only a certain amount of
vitamin C in potato is utilised by the guinea pig, 5. After six months storage under excellent conditions
there ap-peared to be no loss of vitamin C in potatoes.

6. The cooking of potatoes in the early period of storage reduced the potency of vitamin C to
one-fourth its original value.

7. After six months storage there were indications that some change had occurred in the- potato so that
the cooked product seemed to have almost as beneficial an effect upon the growth of guinea pigs as the
raw stored potato, CONCLUSION When potatoes raised in Gallatin Talley were stored during the
winter of 1926-1927 under the following conditions? average relative humidity, 95% average
temperature, 3.5°C; and good ventilation, there was no deterioration in their vitamin C content.
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A S"JWDY OF THE EFFECT OF STORAGE UPOH THE VITAMIH C
COHTEHT OF POTATOES GROWH IH
GALLATIH VALLEY.

IHTRODUCT I10H

Since the eighteenth century, the white potato has become
the vegetable moat commonly used by the American people. In
general this popularity might be attributed to the fact that po-
tatoes are easily grown, stored or shipped and are usually i1nex-
pensive. McCollum believes that their extensive use may also be
traced to their lack of any pronounced characteristic flavor.

From a nutritional standpoint, however, they have proved
to be a very good source of food materials. Investigators have done
a great deal of work iIn studying the composition of different varie-
ties of potatoes and have found them to be high in caloric value,
well supplied with base forming elements and a medium source of
the vitamins A, B and C.

It 1s doubtless due to the presence of the latter food
factor, vitamin C, that the potato occupies an iImportant place
in the diet of many people. This is the food factor which prevents
the disease, scurvy, and helps to promote normal growth. While
vitamin C is found abundantly in many fresh fruits and vegetables,

these are often too expenscommonlly used during the winter



months, PTherefore, the potato, with only & moderate amount of
‘vitamin C, is used to sush a relatively large extent in daily
diets, that it serves as ome of the best an%iécarbuﬁié foods
for the winter season. |
It has been recognlized for some btime that certain physical
and ahemieal changes beke place within the potate during the peried
of winter stovage: Such changes have been nobed 8g shrivelling end
- varlations in the percentsge of water, stareh end sugar. However,
no one has yet Getermined whether sﬁorage’has any effeéct upon the
vitenmin O content of potatoes. A Few invesbigations have been car-
ried on %o show the effect of storage upon the vitemin content of
apples, and théré sre some indications that storaze has a deleter-
jous effect pon vitamin ¢, It therefore, seemed advisable o
egrry on a similer study with potatoes to determine whether wimterél

storage might hoave sn effect upon their snbiscorbutic value.

HISTORY.

In a veview of the literature 1t was noted that, as far back
ag the tﬁirteenth cenbury, sourvy was recognized as being caused by
a lack of fresh vege%ables or frult in the dlet, The evidences for
this fact weore &efive@ from numerows experiences ei goldiers and
gallors who were deprived of fresh Ioods for long periods of bime.
However, when the culture of the pobtebo was introduced inte Burope,
there was & resulbing decrease in the occurrence of scurvy (1).

Viile a faulty diet was consldered the cause of a seorbutbie
condition, no specific factor in this diev was kunown to be related

to the disease. Waen in 1907, Holst and Frolich fed & group of




guinea pigs on earrois, turniyé ox aan&éliansg an&.anather‘groﬁp
on eereéls znd bread, and aeciaéntallyipre&uead.seurvy in the
latter @rou@;.thﬂy.were led to the idea that the aause:w&s &
spesific nutriticnal one.

From this time on, investimators begen to develop various
theories regerding the etlology of seurvy. Jaeﬁaan and Heore (3}
;Qlﬁﬁ presented the infeetlon theory; and Me€ollum and Plye (3}

L

1917, advecated eonstipation and injury to the gecum as the cause
pf-seu@vy@ ‘Home latber wefk-&pne by Chiglk, E@me and Skelton, (4)
1918, end Uohon and Mendel (5) 1918, showed that the lack of a
speciﬁ}c factor in the fied Was.reapan&ihle for the oecurrence of
seurvy, This fecbor was designated as "Vitamin O by Drummond in
1220,

Since thet tim@vmany invegtigators have besn in&ewe&?eﬁ in
studying vitemin ¢ to find out im what foods it cocurred, =nd im
vihat amounts it was present. It hgs also seemed very importent
b0 determine what factors might effest the yctéﬂey of this antise-
gorbutic vitvamin. .

Feedlng experiments heve showmn Oranges, 1emans; tomatoes
and raw cabbage o be @mcng the richest sources of vitamin G;
Kohman {6) elaims that o guinea pig is generally regarded a8
needing 1.5 ce of fresh orange juiee dsily to supply its needs -
of ‘the matiscorbutic vitamin, Hardin and Zilvae (7) found thet
2 %o 6 esec of orange Julce per day were reguired to protect a
cuinesn pig 0F B00 to 400 grams. Xohmen (6) almo states thab
1.0 $0 1.5 grams of raw cabbage are suffiéient $6 supply a guinea

pig with vitamin C and Sherman (1) says that with & ¢¢ or more of




tomato julce per doy there i complete protection from SCULYY.

Potatoes, mpples, oarrots and benanas Ao nob combain as

" much of vitamin 0, but are importent as eanbiscorbutics ag they

are caben in larger quantitieéy Giﬁens and HeCluggage (8} found

that 10 grams of rav potate daily protected animels against

seurvys CGiveng and GO#WGrKerB.(Q) Tound 10 grams of raw apple
%0 be a minimum profective doge, Tewis (10} stabes that 85

grems of raw banava is sufficient Ffor the guinea Rige

Shermem (1) has also worked oubt a table showing the rela-

tive richmess in vitemin O of eertain fruiis and vegelables com~

pared with orange Jjuiee as 100,

Apple, waw 10-20 "
Banana, rew ‘ 20-40
QCabbage, raw | 100
Cobbage, fully cooked B-10
Orange Juioe | 100
Potatoes, rew _' 5O (2}
Potatoes, cooked 1 10.30
Tomatoes ‘ 100

It will be observed in the precedlng table that there

is & loss in the vitemin poteney of povatoes during cooking. This

loss appears to be due to oxidation with some relatlion bo the time

and bemperature of heabing. Kohman {6) of the Nationmal Conners
Association has summarized the ¢xisting data, showing the effect

of heat on Vitamin O in potatoes (mTable ¢ )
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TABLE 1.
The Effect of lleat on Vitamin C in PotatoeiB*

treatment Substance Results Authors

ntreated Raw potato 10 grams per day per Givens and
%ylnea pig protected McClugage.

rom scurvy

ated 174 10 grams daily gave Givens and

nr at 2120F. Raw potato equally as good pro- MoClugage.
tection as raw.

at 1 hour 10 grams daily did Givens and

212° F. Raw potato not appreciably McClugage.
delay scurvy

Boiled Potato One tablespoonful Hess and
more effective than Unger
one-half banana

eamed 1/2 17 to 20 grams as Chick and

ur at 212°F. Potato effective as 1.5 to Rhodes.

3 oc orange juice

Direct contact with oxygen during heating causes the greatest loss
of the potency of vitamin C. This fact Ims "been recognized by commercial
oanners. Schield (11) states that common canned corn, beans and peas con-
tain considerable C but the vitamin content is increased 2 to 4 fold by
removing the air before processing. Kramer (12) has found that the anti-
scorbutic factor iIn California pear is destroyed In the open-kettle method
of canning but not completely destroyed by the cold pack method. The can-
ning of tomatoes, however, seems not to have so much of an effect upon the
antiscorbutic factor. Kohman (6) shows that from % to 5 cc of commercially
canned tomato juice given daily werezﬁyfficient to prevent scurvy in a

guinea pig. lalter, Campbell and Sherman say that boiling this tomato



-2%%0 the factor was mueh wore repidly destroyed. Shorten aud Ray (16).

prnteeticm'hy potatoes dried in a blast of aly at 55 to 600C for 4 %o 6

Juige Tor one hour destroyed preetically 50% of vitemin ¢, These
faats are &ﬁtrihuﬂa& to the prescnce oFf coasiderable natural acidity
in the tomate pH 4.%.
fAnother characterisiie of vitamin O which micht be partially
rvepponsible for the loss of this vitemin during the scoolery of yaﬁ&».
toegs, is its solubility in water, 'Gomsi&erahle of the factor ig dis-
solved away during enakimga Sherman {1) believes that the.water‘may
be expected to conbain as high a concentration of the vitamin as éaaﬂ ﬁh%“
s0lid part of the food. -
gein, drying hes been investiguted as to- its effect upén the
stability of vitamin (., Harden and Robison (15) state that when orange
Juice was dried it wretalned most of ibvs anﬁiaagrbntie properties gven
after 4 lapse of 2 years, This was acecomplished whéﬂ the Juice was

stored in & dry atmosphere at room temperature, but if it was lept at

found that dried potatves and cabbage retalned wuch of their antiscorbubic
values when fod as o Gally ratlion of B grams of dried product to guinea

pigss Givens and HMeClugage (8) reported that animsls sre afforded some

hours,but those dried at 75 to 80°C for £ to 3 hours retained less of
this pﬁagerﬁ&a Algoe potatogs first hested in the ékiﬂg Por 40 to 55
minubes ot 204°C, thenm dried at 35 o 40°¢ afforded morve protection
than tﬁmwe &riéa at low temperatures only: Thig indicated that reten-
tion of the sainiﬁeaﬁe&’ﬁs prevent some oxidabion zud the subseguent |
destrustion of vitomin C«

This brings up the question us Lo vhether the corky layer on
the outside of the potato might elso prevent the doteriorabion of the :

antiscorbutic factor during the long period of winber storages It hag
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been found thet the other desirable gualities of the potato ave re-
tained if it is.carefully stored in cellars, pitﬂ.ﬁr speclally coy-
structed aand regulated store houmes, (17). The oﬁtimum aoﬁ&itiéna
for sborage ave a constant bemperature of 490, a méﬁi&m.&egree of
relative humidity wud good ventilabion. However, even whon the

utmest eare is taken there is a chamge in the perccatage composiblon

‘of the potato. Appleman (18)'ﬁaﬁn&'ﬁma% rospivation converts the

starch into sugar and also into COp auid HO.

1% im altopether losieal to guestion, then, whether winfer
storage mlght have soﬁa effeect upon the vitemin ¢ conbtent of pota-
TOes. S%erage of é few other Toods has been sbudisd and some inter-
esting fasts nobed, ﬁramer (12} found that storare of fresh pear
seemed to make no dlfference in its antiscorbutic value, Delf (19)
s%aﬁes that whole oranges, lemons and swede voobve afber 5.yeara in
cold storase appesred to keep their anbtiscorbubic value as long &8
the materiél remained in good condition. Oranges ané lemons stored
5 yoars in a frozen condition re%aim&& ahout half thelr antiscorbutic
property bub swede julee becams almost imsctive in 15 monthe, Davey
(20) apreed with Delf when he found thet oresges and lemons Xkept in
a eool room but not Trozen reltelned wmost of their aantiscorbutle pro-
perty so long as the fruit was edible.

These date point out the fact that very little definite in-

formation ig to be found regarding & food so commonly stored and so

extensively used as the potato. Fer’ﬂhiﬁ\r&aeom the present investi~

cation seemy particularly desivable in order to SEOUTE MOTe knowledge

which could be used in regulating &ie%ary habita;
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IXPERIVEREAL FROCHEDURE.

In order to determine the effest of winter storage upon the
vitamin ¢ content of potaboss, series of animael feeding experiments
were carried on ab Inbervals of three months, TForty-nine guines
nigs of Doth sexes irmm'six $0 eight weeks old an&xweighing from
200 to 400 groms wewe used as the experimental enimals.

The method of procedurs sdopted by Sherman, Toller and Camp-
bell (1) was followed closély thwoughoup the experiments The ani~

mals were Xept in individual cages under sanitary condltions., Thelr

basal diet was ﬁrepaxeﬂ ag follows:

Whole ocats {ground as needed) | B9%
Powdered skim milk (heated 2% hrs ab’

110°¢ in contact with sir to

destroy vitamin O) B0%
 Butter fat (rendered) 10%

WaCl - ' _" %
100%

These ingrodlents were thoroughly blended into & homogeneous
mizture and spored iln darthonware Jars.

Thig basel dlet was supplied Tad libitum' o each of the
exporimental snimalsg in swall esrthenware Teeding ﬂiéhe@@ Ag its
exbennive use by Shermsn (1) snd other investigators has shown thet
this diet contains all the fae&_ﬁuﬁrienﬁs gxcept vitamin £, it
serves 8 a2 pood seorbubic ration when fed alone. Therefore in

cach series, one control group of three guinea pigs was given only




the bagal ration (Groups I and IX). Another comirol sroup in ezch
series was gilven the basal ratlon plus a daily feeding of orsuge
Juiee gufficioent to protect the guinea pigs from meurvy and heep
them growing snd in & heslthy condlition. At firsi, each of those
gulnea pigs wus ¢iven a dally dose of 2 eos of fresh orange Juice,
but later it seemed advisable t0 inereese this amownt o B 3B,
daily (Groups II and X}

The other experimenbal animels were given varying emounts of
raw and cooked potato ag supplements t0 the basal rabtion, in oricy
that thelr relative vitamin C content might be determined as com-
paved with the basal ration alone, and the basal yation plus orange
juice. '

Bach guinea plg in Grouwps IIT and %I recelved 2.5 grams of
raw potato daily; in groups IV and XII, 5 grems of raw potaﬁa'&aily;
in groups V and XIIT, 10 gramg of rayw pmt&ta_aaily; in group VI,

280 grams of veaw potate dally; in group XIV, 5 grams of cvoked pota-
to dnily; in group VII and XV, 10 pgraps of cooled potato daily; and
in group VIII, 20 grams of cooked potabo daily,

The potatoes used for this experiment were of the Fetted Gem
variety and were grown three miles southesst 0f Bogoman on land
which was ilrrigated once during the summer. Iug ¢ on early severe
frost, thoy were dug Sepb. 85, 1986 and hept in storage on the farm
£or three weeks before they were broughf to the sitoreroom. Here
they were picked over twice to separabte any robatoes that might have
been frozen. ‘

The storeroom where tlhese paﬁ&toeé were kept was the one
reeeﬁtly'éonstruete& by the horticulture deparitment of Monbana Shate

follege. Records kept throughout the winber showed an average rela-




tive humidity of 95% and an average bempsraturs of 3.5 ﬁﬁ,.wiﬁh
good ventilation. After six mopths storage in thiﬁ'&%nrercam&
the pobatoes seemed not o have changed to aﬁgnﬁotieeahla degree
in their physieal propertics.

The podate was prepared for feeding s follows:~ 1f fed
raw, the potato was peeled and quickly passed through a gnivers&l
foad chopper with a medium knife, The ground pobato was nixed
and woeished in the regquired smounts inbo small Pyrex ramekins whieh
were ab once civen to the animels. When the potato way fed in a
cooked condition, aboul half & medium pobalo was boiled for 25
minubes in 875 co of bolling unselbted water, then drained, mashed,
cooled and weighed oub in the regulred amaumt§5

A daily é%e@r& wap kept of the amount of basal rabtion sud
gpecial food consumed. Welshts of eaeh animal weve taken and rEw
eorded twice per weelk and any asbnormalities nobed. Both series
were conbinucd over a periocd of nine weelks and growih curves were
made in ovder t0 compare the relative comdliblons of the animals fed
on gifferent rations.

Many of the maimals were aubopsied Ho gecure further evi-
denee of their condition, Hemprriages and swelling @?ouma the
wrist and ankle Jjoiubs, enlavgement of the gostochondrial jumctiqn;

enlarged adronals aund looseness of teeth were expecially noteds




RESULES.

In the first series of feeding experiments, the animals keph
on the basal diet alone began to lose weight guite uniformly at the
end. of the first week. This desline in weight continued until death
seourred at the en@ of 26-36 days (Pig. I}« ¥Wo outward signs of scuﬁyy
other than 1ass of body weibhﬁ and a falling off of the appetite Wgr;
avticed prior to their death. Hnan auue@évg however, pransuweaﬁ YD
toms of a[curvy were evxéent in adaitaén to the ganafai run down condi-

4ion ﬁue to starvabion, In all ea&es there were hemarrha ag at the

wriqﬁ and ankle joints am@ alaﬁg the' flb%s h@&dxn& g% the eaamachmnarial;ﬁ1y

Junetions and emlargemenﬁ of the udrenal glanis. .
The positive control group, fed on the basal diet plus 2 ce
of fresh orange julce, was maﬁe'up di one male and two fewalesy The
male grew at a f&iwly unlform rate throushout. The females, hewe#eﬁﬁ
were more irregular so thet at the seveﬁﬁh week 4 c¢ of orvange juice
wers ﬁubatltut@a for the B eo in gll cased, From this time Oﬂ,‘fhﬁ
Pemales gained at the same rate s the male. {Pige IIT)e
. The apnimals fed on the basal pabtion plus 2.5 gyrams each of
?éw potate daily showed a rather uniform @eérease in weieht ai the
end of five weeks. Nobwithst anding theilr loss of welight, theyex-
hibited no symptoms of sourvy and were carried %0 the end of the
experinental period. (Fig. V).
The group reteiving 5 grams »aw pcﬁa%@lﬁaily in addition td
the basal raﬁiong as a whs;éﬁ grew ab approxinately the same rate as -
thse on ovange julce, Two of the animals menifested oerfoct health and .
stored fat norma,lly3 wﬁlie the third one which was éialcthe firgt four

weeks gained rapidly and steadily after that time. This sicikuess was
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Composite

Series 1, Group 1.

Fig. L.
Growth Curves of Guinea Pigs Fed on Scorbutic Basal Ration.

omposite

Series 11, Group II.
Fig. Il.

Growth Curves of Ghinea Pigs Fed on Scorbutic Basal Ration.
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SZ Composite
Series 1, Group Il
Fig. 1IL.
Growth Curves of Guinea Pigs Fed on Basal Ration Plus Orange
uice
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Composite

Series 11, Group X.
) Frg. IV )
Growth Curves of Guinea Plg% Fed on Basal Ration Plus Orange
uice.



Series gJ Grsup Ii.
n _F1g. V. _
Growth Curves of Guinea Figs Fed on Basal Ration Plus 2.5 gms.
Raw Potato.

Composite

Seriestl, S{oup XI.
ig.- ;
Growth Curves of Guinea Pigs Fed on Basal Ration Plus 2.5 gms.

Raw Potato.



due to pnoumonia snd had nothing to de with the dieb. {(Fig. VII}.
The group fed basal ration plug 10 grems raw potate Qaily
was ¢omposed of a male and o female. The male, grew steadily at
gbout the seme rate as those animals fed on B gwéma raw potato, bub
the female, which ﬁas pregnant, lost W§ight ropidly after the foursh
weeks This dvep in weight was caused by a loss of the fetus and upon
sutopsy at the end of the experimé#t there were no evidences of the
animal havling béen pregnant, There weye no obhew Signﬁ.ﬁf abnormal i
by and both snimals seemed to be inm good, &@élﬁhg |
Oﬂly“bn@ anlmal was ecarried through the ex@erimen%al period -
on aé'gtams row potato in addlition to the basal ration since the

others peemed wunable vo ¢at such & large amount of special food.

During the time thabt the potato was consumed, the animal grew as

well as those on 5 and 10 grams of potabo, but at the end of the
eifth week the appebite geemed O iag and the last two weells, when
the pobato was almost enbirely uneaten there was & mearked drop ln
vody welght of the animel. (Fig XI ale |

The group which received 10 grams of cooked pobtate in addi-

tion to the basal ration showed e uwanliform dropping off in weight

© gfber the fourth weeks Phig wes sinmilsr to the effeet obbained from

the f@e&ing of Eqﬁlgrama of raw potato. No signs of seur%y wWere
noted (Fig. XIII).

The one animal which was carvied through the experimental

.periaa on 20 grams of cooked paﬁaté plus basal ration grew ilrregularly

at flret, bub afber the fifth weel, its growth was similar th that

obtained from b gréﬁs of vaw potatos {(Fig. AT b)«




Composite

Series 1, Group IV.
Fig. VII.
Growth Curves of Guinea Pigs Fed on Basal Ration Plus 5 grams
Raw Potato.
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Composite

Series 11, Group XII.
i Fig. VIIIL. i
Growth Curves of Guinea Pigs Fed on Basal Ration Plus 5 grams
Raw Potato.



Composite

Serieg_l, ?;oup V.

N _F1Q. - .

Growth Curves of Guinea Pigs Fed on Basal Ration Plus 10 grams
Raw Potato.
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Series 11, Group XIII.
Fig. X
Growth Curves of Guinea Pigs Fed on Basal Ration plus 10 grams

Raw Potato.
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Series 1.
Group Xla_ i Group XIb.
Growth Curves of Guinea Pigs Fed on Basal Ration Plus (@ 20
grams Raw Potato (b 20 grams Cooked Potato.

Series 11, Group X1V
_ Fig. XII. _
Growth Curves of Guinea Pigs Fed on Basal Ration Plus 5 grams

Cooked Potato.
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oslte

Series 1, Group VII.
) Fig. XIIL. )
Growth Curves of Guinea Pigs Fed on Basal Ration Plus 10 grams
Cooked Potato.

Cooked Potato.



In the second series bhe centrol group fed on the scorbubic
diet only showed very pronounced signs of sourvy. Some logt weight
from the first othemgaiued slightly the first two weeks and then
&écliﬁed in weight. Vpon gutopsy there were again f@umd hemorrhages
gt the wrist and ankle joints and along the ribs, besding at the e@stan
chondrial jJunctions and anlargemenﬁ 0% the aﬁfcnal glands, One guinesa
pig ( 26 #) lost less body weight than the others but developed bthe
worst case of seurvy. For five days before death while still eaﬁiﬂg
weli, the animal was noticed lying in a "face-ache” position and |
wirined when the wrigt and énhle Joints were pressed, Ou autopsy
showed more propounced e&i&enaes of seﬂrvj then were seen in the
others. (Fig., II).

The experience with the positive control group of the First
geries made it seem édvisable.to increase the amount of orange
juiee from 2 o B ce dally, for a similar group in the second series,

As a rvesult the rate of growth wes very satisfastory (Fig, IV).

The "group on basal ration plus 2,5 grems raw potato grew faily
well until the endmaf the third or fﬂurth week when there was a general
glowing up of the rate of zrowth and in one case a *ﬁoaﬁy drop in body
weicht which continued until the end of the exderimental period.  Auntop-
sy showed, in one gninea pig, a very proncunced héﬁérrhage tn one of
" the hind legs, a8 severe a8 any noted thus far in the experiment. The
only other evideﬂees of a searbuﬁxe condition were slight hemorrbagses
at wrkbt Joints aaﬁ QMEQL&ﬁlOH of the bodys Ancther animal in this
group which had lost considerable body weight showed no signs of scurvynl

(Fig. VI), .
It was especially noted that the reproductive organs i ke

' . Lot ot
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group Jjust &esc#ibe& were uﬁﬁgr&ev&l@peﬁ.%@ 2 marked degree and in
some cages diffieult to find. o

The ruinea pig whieh redpived b grams of raw potato daily
in adgition to the basal ration grew well with one exception, This
animal 4id pot eat well and seemed to have some digestive {isturbances.
e others which grow stea@ily were able to gtore considerable fatb
and gave no signs of any abnormelities. (Figs VIII)s |

Tt mey be said of the guinea pigs fed on 10 grams raw potato
daily that they were healthy, were able o store fat normelly and
grew atb approxzimately the same rate &s those on b grams raw potato
asily. (Pig, X), | " |

~ The group reeéiviﬂg.ﬁ gr-ams wquea potato gave quite irregular -

r@gulté &ﬁ‘tb grotrbh. Qne female (38 ) showed a sudden drop in body
weight at the end ﬂflﬁhé fifth Weakg vhieh was lnberpreted as indicating
rgsoréﬁian¢ Aubopey, kpﬁeveﬁ; gave no signs of preguansys ;:aﬁnﬁher
spimel in this group grew noderately feﬁ four weeks, theh ﬂ@cgeas@d;
steadily in,wéighﬁ wnbil the end of the period, . There wexne nﬁ'@%»—
normalities noted when the anim@l was wetopsied. |

The third, in this group made good growih =nd in all respeets
wag & normal heslihy animal. (Pigs, XIL). .

fuo of the guinca~pigs kepb on bassl ratilon plus 10 groms of
cooked potato gained moderstely ia body welght, aﬁe well, stored fab
and were heslthy, while the third ;pst welsht« Aubopsy showed this:
animal very thin but otherwise normals (Fig. XIV}.

The feeding of 20 grams of both cooked and raw-gotaﬁc was
omitted from this series since the animals seemed unable to consupe

that muek speeisl food failys




DISCUSSION. ’

From the prececeding data, it will Cirst be noted that the
growth curves of the positive and negative eonbtrol groups in sach
series are decidedly different. When the basal ration alone was
ué@& in every osge there was o rapid decreswe in welght, resulting
iy death at the end of 19 to 56 é&ys, with Gefinite signs of scurvy.
The initial spurt of growbh nobsd S thé negabive combrol group of
the first series {Pig. I) might be aeeduﬁteﬁ for by the fact thad
prior to the experimental perich they had been fed mcré fregh 004
" than those of the sccond series (Pig. II) and thevefore might have
had o larger supply of nubritive Tactors w%a#eﬁ:in thelr tissues.

With the positive control grﬂupafaf' both series & little
diffieulty wasg @xpérieneed in determining the exact awmount of orange
juice reguived to proéeet the animels from seurvy awd permit growhh
at a moderate rate. Previous inves%igatdéa (6)'C?} repar%e@lusing
15 e¢ ond 2 ¢6, orange julce as & minimun protective doses Conse=
quently at the begianing 0f vhe fivey sepies (Fig. III), 2 oc of
orange Juliece wér@ given dally. Thig smount was found to be somevhat
ina&aguate_iﬂ.moat CaBes.  When near the end of the ax@eéiment the
'ambuﬁﬁ %as dotubled, ﬁheréswés s very noticeable incyéase inm the rate
of growth. This led to the use of au inbermediste smount in the
positive control group of the second series, (Fig. IV} « 3 e¢ of
opange julee daily. With this amount there wag a steady ilvcrease
in body welght of the animels.

With the uee of varylng amcunts of potato as a pource of
Vitamin €, a variety of growth curves were obbained ranging between

=~

thoge of the positive and negative control groups.




When 2.5 grams of raw potabo wore fe@ dally the individusl _
'gwowtb curves as well as the composite curves in both sevies (Pigs.
7, VI) showed a rather uniform decrease in rate of growih at the
end of the third week and a tondemey voward steady @ecline in welghtb
after thet tize. In & few cases thers were 8light ovidences of »
seorbutic condlblon,

In comparing these resulis with those of the negative conbrol
groups it can be seen that 2.5 grams of ray potato afford a slight
mrate@tian ih that the bime of weight decline was deferred & wook
07 two and scorbutie symptoms were much less nobleeable. Therefore,
zﬂﬁ:grams of raW’@otato.ame 1ot qui#@'ﬂufficianz t0 sepve as a mini-
mum protegtive {dose againsé seurvy in gulnea pigs,

When & grams,of raw paﬁ&%o were fed dally the general rate of
growtl in series I {Fig, VII) moemed verg'similaﬁ to that of the posi-
tive confrol group fed on orange Juices In series II (Fige VIII) only
one animel s 10waa 28 good growth as those of series I, however, the
&&llure af &3 ® Bo grow et a normal rate, might be attribubted to
some very definite signs of zntesﬁinal disturbanee. When the composite |
curves of Groups IV and XITI arve eampaée&Q there will be noficed only
& s8licht flattening of ﬁh&h of Group Xix; Withou% addibionsl data
thig might indicate very slight deteriorabion of the potensy of vibe-
Cmin @ ﬂuring ﬁhe gix monthe of winber storage,

When the growkh eurves af the two groups (Gxou@ ¥V and XTIX}
ed en 10 grems of rvaw potatc are examined one observes that the
general line of the curves differs very little from the sontrol group

fed on orange juice and the group receiving 5 grams of raw potato
daily. However, it should he-e$§eeiali§'aat@& that portions of thess

Fluctuating curves rise ab a steeper angle than ig found in rEc: edlnb




curves. From data summarized in Tables Ii and IIT, caleulations
shéw thai the percentage gain in body weight per gram of potato
eaben amarage@ 042 fér 10 gramg of raw potato and ,092 for 5
grams of Taw potato, This seems to indicate that 5 grams of raw
potato deily supplies a gulnea pig the optimum smount of vikamin
G, btut that wheﬁ.lﬂ grems of raw potaito are consumed, & Proportiop-
al rate of growth does not resulbt. There is a poapibility that a
portion of the larger amount of vibamin ¢ may not be utilized, In
cemparing the two éeri@¢ where the guines pigs were Ffed 10 grams'
of vow potato, those of the second seriss arew as well, if nob
slightly belter than the animels of the Tirst series. From this
there is no evidence a¢ any deberloration of vitamin § during the |
gix months storage of the potatboes,- .

Only one membei of Group XIa was carried through the.exgafi-
mental perivd on a diet’ of basal ration plus 20 grams 0f vaw ys%aw
to daily, since the others were un&bl@'?o gongune thaﬁ ameﬁnﬁ of
gpecial Tood. Agein, the gfowﬁh surve of thls one animal ¢losely
rosembled those of the guinea pigs fed on orange julce and 5 grams
raw potato, This reemphasizmes Tthe indication nobted above that »
porbion of the larger amount of vitaminm ¢ may nobt be uwiilized by
the animale ' ’

Wo study of the vitamin ¢ontent of potabo would be complete
without some daba on the cooked produet since it is in this form N
that the vegebtable is used. ALccording bo Shermants {1) table the’
aeékim@ of the potate reduces the pobeney of its vitamin C to about
one-fourth of its owiginal values Hemce, it seemed adviseble to
start with 10 grams cooked potato as a supplement to bthe bamal ration.
Group VII fed im this way shows growbh curves not unlike ﬁhase of

Group III fed on 2.5 grams of raw potaﬁe, This would seem to agrse

T Wb




TABLE 11, Co

of gain iIn weight per gram of food eaten.

Initial  Final Gain_in Total Hotal Total Total Total "Gain In Again % gain \ gain

Ho.  wt._in wt. in wt. in gmse grans grams grams grams wt.per inwt. inwt. in wt.
grains grains grams Basal raw cooked orange food gram of per gm per gm per gn.
ration potato potato jJuice eaten food. of food potato orange
— juice
ie 340.4 209.1 131.3 259 259 -.5 -.15
22 343.4 297.5 -45.9 221 221 -.2 -.056 .
3@ 341.1 207.8 -133.4 245 245 -5 -14 77
4 f 287.3 333.0 45.7 695 157 847 .04 .018 11
5~ 286.9 433.8 146.5 881 157 1033 .14 .05 .33
6/~ 291.6 352.0 60.4 819 157 971 -062 021 5 .137
290.3 284.8: -5.5 614 160 774 -.0065 -.0022 -.01
8E£ 294.3 273.5 -20.8 579 160 739 -.028 -.009 -.044 1
9f 307.8 362.1 54.3 776 160 936 -058 .018 A1
10~ 315.5 433.8" 116.3 749 320 1069 A1 .034 J117
12£  349.9 466.0 136.1 949 320 1269 .07 .03 -12
13€ 356.3 456.1 99.8 652 650 1462 .07 -019 ,\_ .042 1
15f 362.3 391.6: 29.5 695 600 1295 .022 -006 .013
16~  366.6 447.31 80.7 738 1160 1898 -042 011 L .2
18£  369.4 413.0 42.6 560 1160 1720 -025 006 _009_f
20~ 415.5 373.0 42.5 583 640 1223 -035 -008 .013 !
21~ 422.1 510.2 86.1 722 600 1322 -066 .013 -033

22?7 449.1 441.0 8.1 623 1160 1783 -.004  -.0008 -0015



gain in weight per gram of food eaten.

Initial Final Oain in Total Total Total Total Total Gain in Tgain A gain Tgain

Ho. wt. in  wt* In wt. 1iIn gms. grams grams grams grams wt. per inwt. in wt. in wt.
grams. grams. grams Basal raw cooked orange food gram of per ga per gm per gm
ration potato potato juice eaten  food. of food potato orange
Juice
247 194.8 329.6 134.8 800 189 989 -135 -069 .36
44 6 319.0 i I
45A 470.6
"iit 279.5 267.2 -12.3 1326 326 -.04 -.014
27 271.0 229.3 -41.7 1233 233 -.18 — .066 !
287 276.7 194.0 -82.7 1142 142 -.3 -.13 1
46£  341.7  220.5 -121.2 1266 | 266 --45 -.100 .
47 & 478.0 295.0 -183.0 3280 3 280 - .65 -.13
296 226.5 273.1 46.6 760 180 940 .05 022 | __y
30% 222.7 191.3 -31.4 1792 180 970 -.032 -.014 .08
486 346.1 I I T 1 1
327 236.3 361.1 124.8 1780 | 360 1140 .108 046 128,
337 231.4 211.8 19.6 p608 340 1 948 .02 .009 .024
346 243.9 307.7 63.8  j-649 360 1009 .063 -026 .072
357? 285.1 394.2 109.1 781 700 1481 .013 -005 .055
366 305.0 372.1 67.1 720 710 1430 .046 .014 .03
376 290.4 426.0 135.6 756 710 1466 .09 .031 .07
387 331.8 414.0 82.8 913 360 1273 .065 .02 .066
397 312.7 420.2 107.5 880 1 ~ 360 1240 .087 .027 .096
40A 334.0 302.5 31.5 882 [ ...~ 360 1242 .025 .007 ]_ .029
416 367.2 454 »6 87.4 1 791 720 1511 .057 .015 .032
428 367.0 289.4 77.6 628 ' 720 1348 -.058 -.016 j-.03

436 412.5 492.7 80.2 988 720 11708 -047 .012 -026



with Sherman (1) in his ebnélusiaﬁs reé&r&iﬂg the effect of eaokiﬁ¢;
tater when Group IV in Series IT wes Ted on’ %he -same type of -
ration the animels, with one exception (48 )} farnished gﬁowth
curves which showed a &eaiécd lmprovement over thﬁse af Group VIZ,
in faet they nesrly approached the. angle of the growth aurvas of
Group X111 fed on 10 grams of raw pﬁﬁaﬁﬂa This &mﬁyavemeﬁt in r&te
@rawth eamﬁs% bhe exglaiﬁed on the grounds of increage of vitamxn
¢ in the potaibo ke@n in gtorage, For the po%aﬁmeﬁ need in this exe
periment were the same ag %hose s%u&i@@ in the raw condition vhere
1ittle if sny improvement in nrawta rate waes noteﬁq melﬁnar can it
be explained by the Taet that during storsge, Eh?lvelllﬂg oCeurs
vhich inevesses the percentoge of solid nutrients in the, potato; as
this would alac have héen noted in the experiments with raw potato,
Binee none of the investigators A ménﬁ&aﬁe& similes rosults i
san only be gustifiea by the asgumption ﬁha$ during ﬁﬁﬂ?&ﬁe a@me
ehamga bakes plaee whieh causes the,cooked potabd 59 ba nore ¢om-
pletely utiliged %hereby imprcv;ng the rate of growkhs
The above assum@tion ig further supporbted by the results
vbtained with 5 zrame cooked potato which were veed in an experiment
in %Le Seﬁﬂﬂd series onlys fThe mambéra of Group XIV grew nearly as
well as those of Group XII of the seerond serles which %&caive& P grams
r&ﬁ'poﬁatoﬁ Sinee gll of the pobatoes uged in %hs‘seewﬂd gsexles had
been stored for an egqual lemgtb of time ander the same gondibiong
it must be assumed that some ehan?e has oourred 14 the stored potato

50 that vpon eooking no deterioration in food value is observed.,

Im fact go 1ittle study has becn made af tne effeect of storage

upoa the food mirients of vegetables that atb the present Hine one

-

ean 4o little more than present a theoretical explenation for some of

the chenges which eppesr to take plase.
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SUMIARY .

2,5 grams of raw potate dally did nob olve guinea pigs adegquate
rroteetion against sourvy. )

5 grams of réw pobaboe daily wefé-eguivaleﬁ% to $ e¢ of efaﬂge'
Juiece in their aanbtiscorbutice value,

10 and 20 grams of raw pobato Gaily sppeared to be similar to

5 grams of raw potato in their ambtiscorbutic va&ﬁé”&n& suppord
of growkha. |

Thére is some evidenee that ounly 2 certain amount of vitamin C

in potate is utilized by the guines pige

After six months stovage undor excellenh conditions thers ap-

peared to be no loss of vifamin ¢ in potatoes,

The aank&m& af wm%aﬁmeﬁ in the edrly yﬁwlea of storage veduced

. the potency of v?tvmim O to mnaﬁfcvrth ite vriginal values

After pix months s%ayage there ware indications thabt soms change
hed ococurved in the potato mo that bthe gooked profuet seemed to

have almoat 68 beneficlal an effeat uwpon the growth of gulnes

pigs 88 the raw sborsd potaio.

' | CONOLUS TON .

When potatoes raised in Gallatin Valley_were stored during

the winter of 1926-1987 under the following conditions; averagy

relative humidity; 95%; average temperature, %,5%03 and good venti-

lation, there was no fePerioration in their vitamin C content.
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