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The unseasonal blizszard which began on November 11,
1940 and swept saross Iowa, ﬂnbwﬁaku, Kensss, Minnesotas,
Missouri, Illinols, and the ﬂukﬁ%&u will probably go
down in histery ss & major dlssster to the horticultural
industyry of this region. If normal fell westher with
the usual killing frosts had prevalled in 1940, the un~
sessonal cold weather on Armiatice Day of that year
would not have sepiously injured frult trees. The f2ll
of 1940, however, was unusually warm snd there was sufe
ficient soil moisture to keep plants in an sctive grow-
ing eonditlion up to the time of the first killing frost
whish ocourred on November 7. Even then the temperature
414 not drop low encugh to injure the leaves on most
fruiting plants. In the freak storm of November 11,
temperatures throughout Yewa drepped from s maxiswm of
80 degrees to a low of zero in less than 24 hours. AL}
vegetation with asp freely flowing was vulnerable to
ths abrupt change in temperature. The dissatrous freezs
killed 95 per cent of the tress in commercisl apple
orchards in 45 counties in ﬁiakwmzi,ntttayng and southern
Iowa (Edgecombe, 1941). As a result, in 1941 the Iows
apple crop was only 48,000 bushels, less than ome-tenth
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of the 1940 orop (Herrick, 1941, 1948).

The widespread auagxugﬁian brought up the guestion
of the replacement of apple trees. Orchardists, natue
rally, after their 1940 experience, were anxious to re-
ﬁaant with hapdy vigorous stook. In meking recommende~
tions for replanting orehamds, hortisulturists advised
the use of the apple tree varieties Hibernal snd
V&rgiu&n Orab for stooks (Edgecombe, 19413 Clark, 1941).
Varieties topworked on such stooks ere better able to
withetand adverse conditions of climate and are superior
to ﬁrwui grown on thelr own stems in respect to dlsease
ruai»tuaat, vigar, praﬁun&lvumn&x. and qnnlity of frult.
While a humdy stook was aiw%&iu;y a&airnh&n, nukr&tinm~
1;%; felt that at the Same ﬁimw thﬁ paﬁanhial food value
@t the fruit of ﬁstravunk varieties should be comsidered.
Ha r&aammundnﬁxana, however, oould be mede a@nnurning
the nutritional quality of apple varieties because of
s lack of information. It was this dearth of knowledge
that catalysed the present investigation dealing with
the aannantrut&an mr vitamin C in Iows uppznn and which
lad to the atudy ur ﬁhﬁ yhyu&alagxnaz awailahiliey of
hm ascorbic acld in u»piu.

 Apples are not particularly rioh in sny inown fa0d
nutrient, ﬁtvu»ﬁhniaau, on agcount of theiy plauaunﬁ
eating qualities and the flaver and texture they impart
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to the dlet, they are extensively used, both in the raw
and cooked formse. In production, spples lead all other
frults in the United States. 7The commercial production
1n 1942443 was 129 million bushels {Agricultural Statis-
tics, 1943), _

0f the nutyrients present in apples, vitamwin ¢ or
ascorbic acid 1is probably one of the most Llmportant, even
though apples are classed in the group of foods low in
this vitamin. The Jonathan, s commbreial variety grown
extensively in Iows, for example, contalns spproximately
6 to 8 mg. per cent of vitamin C. Xn spite of the fact
that apples have not been rated bigh in vitamin ¢, in
the quantities oonsumed by some familles, they often con-
tribute a significant part of the deily requirement, For
exumple, & child eabting three large epples of a varlety
containing epproximately 7 mg. per cent of sscorbic soid
would receive about ome«half of his dally needs for this
vitamin (National Resesrch Council, 1945).
" Recent resesrches, however, have indicated that
apples may represent a better food scurece of ascorbie
acid than hitherto belisved. In England, West and Zilve
(1944) reported that Bramley's Seedling contains ss much
as 30 mgs per 100 gm. Kidson (1944) in New Zealand
found that the concentration of vitamin C in 11 varle~
ties of apples grown in the Nelson distrioct may range



from 2 mg. to 56 mg. per 100 gm. The bauﬁ variaty, the
aturmsr, & commercisl varitty in tﬁau sountry, is richer
in uaﬁnw%&a amié than temmtmma, 8 twui& stnnwally con~
sidered ome of the few duyﬂuanbia aanﬁwihu&mrn of vibau
min O ta the diet. @harn is & aafiaiﬁa nesd Loy in«
- formstion sbout the nutritive value of varieties of
&ppian‘gwaun in Iows. II apples high‘ia vitamin C exist
in Iowa, they might well become the basis for breeding
and selectlon studies for the development of varietles
higher in vitemin C content then the standard varisties.
_8uech a program 1s n:rnady in @wﬂgwwaa at the New York
Experiment Station at Gemevac®
Thers 1s ample evidence &n,ﬁmn xzaawuﬁure to 1naz»
cate that it ls puﬁ»ib&u to lmprove &ao‘vituuln ¢ content
~of foods th@mmgh hra&diﬁg» Investigators, for example,
~ have slready demonstrated in the case of cabbage that
 bogether mi%h.im@wwvemanﬁ in yleld and mmr&ut quality,
an inoresse in ascorbic meld through breeding is fessi-
ble. Two new varieties have b#pn>ﬁavt1apmé containing
64 and 72 mg. per cent of vitamin G, whereas standard
varieties wnﬂgayfwuu 49 to 57 ng. (Maynard, 1944).
Also, & very interssting bresding program lnitliated
at the Loulsiana State University (Miller, 1944) and

“#Personal 0onmBLCAtion From I
Dy . Penrl Swanson
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designed bo produce sweet potatoss of high food value
may be mentioned. All parental stocks in thla country
and s many foreign varieties as oould be obtained have
been tested for &au:&mhm genetic sharacters and atocks
with unusual genetic characters used as parental mate«
rinl in the breeding program. After six years of work,
a seedling was grown which ylelded 40 per cent more
numbsr one grade potatves than the standard varlety,
Porto Rico Unit I, Of specisl importance to the nutrie
tionist, the new variety contained more than twice as
mush vitamin A &8s Porte Rico Unit I and nearly one-
third more ascorbic acid {26 vs. 33 mg. per cent).

The importancs of nutrient enrichment programs
through plant breeding cennot be ignored., Vitamin C is
not universally distributed in foods as are some of the
vitamine, It is found in relstively few fouds, so that
an -effort must be made Yo include such foods in the diet
~each day. Maynard of Cornell University states:

~ Since apples are widely grown, have good

keeping qualitles, and ayre a cheap fruit,
Lmprovement of thelyr vitamin ¢ content
would have ﬁnu‘k practiocal importance.
The possibility of an apple richer in

" witamin C then a tomato and nearly ss

- pieh &8s c¢ltrus fruits is ocertainly in-
triguing (1944, pe 11).

Along with the lack of knowledge soncerning the
concentration of vitamin C in varieties of apples, there



is a pauveity of informatlion In regard to the effect of
storage and pre-~storege treatments on the nutritional
value of the frult. Winter varieties of apples are in
prime cendition alter being held in cold storage for
several months, but are they still as good a sourcs of
vitanin ¢ aa they were before they were stored? And d@ﬂuv
the special kind of storage treastment chosen besar any
relation to the retention of the vitamin? It has been
one of the aims of the present study to obtain & ploture
of the average #anaéﬁﬁwatiam of viﬁtm&& C in & number
of varietiss of t@ﬁlﬁ? produced in Iowa when ploked
from the trees snd after being held in differvent types
of storage for varylng periods of time.

Chemical methods for determining the concentration
of vitamins in foods have been developed which have
many advanteges over the older biological methods. A4le
though the chemleal methods are time« and money-savers,
#huy.huvn-aisad?mntagma also. For instence, in esti-
mating vitamin C, mmthada‘baaad o the reduction of an
indophenol dye are widely used. Haﬁcvmw; there may be
present in foods related ecompounds, recently designated
8s reductones, which also reduce this dye but which have
no physiological significance. In the evaluation of
the ssoorble sold in apples, 1t seemed lmportant to
attempt a partition of reducing materials present into
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nutritionally active snd inastive substances,

- In sddition, en appralsal of the sscorbic acid of
a food material should teke into account the chemical
form in which the vitamin mey be present in the food,
Both reduced vitamin ¢ or ascorbic scid and oxlidigzed
vitamin C or dehydroascorble acid can be utilized by the
bodye In fresh reapiring tissue they are present in an
equilibpium mixture (Rosenberg, 1942). In & processed
food, however, the dehydrosscorble acld may represent
& atep In the oxidetlve destrustion of the vitamin. The
usual indophenol method for the estimstion of ascorble
acid messures only the redused compounds Therefore, in
the investlgation herein presented, the analysis of the
potential vitamin C valune of apples has included a
measuremsnt of dehydroascorble selds

Even when the above-mentioned factors are taken

into considerstion, nutritionists no longer are satis~
fied with the results of chemicsl analyses alone when
they consider the dletary wvalue of a food in respect to
vitamin O. Ascorbic scid is & very labile sudbatance,
easily destroyed in the presence of oxidising ajgentas
par%&&u;amly when consentrations of hydrogen ion, snion,
and copper are favorsble. Freeing of engymes in mmceprs
ated tissue alsoc may result in loss of ascorble acid.
Can the vitamin ¢ in apples s&‘khréu$k the processen of
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- messticatlon and digestion unchsenged? Although chemical

enalyses show thet & certain veriety of apple contains
10 mg. of ascorbic acid per 100 gm. of frult, it does
not necessarily follow tha& 10 mg. of ascorbic acld are
available to the body from every 100 gme of apple inme
ge&taﬁ.. Tisdall has been guoted in Food Industries
(vols 14, 1942, p. 39) es saying that the mere mct of
chewing apples wméaed destruction of one~half of thelr
vitamin C, In the same journal it was suggested that
Af nutrition stenderds ave based on the original sscor-
bic meid content of certain raw fﬁﬁdﬁvbﬂf@w¢ eating,
1t might be mdvisable to restudy the whole matter to
determine how much of the vitamin is really avallable
to the body. Such studies would prevent any unwige
aspumptions that foed is nutritionelly adequate when as
& matter of fact this is not the case. For these rea-
sons, a study of the physiologicel avallability of the
vitamin € 4in epples when eaten by the human being wes
undertaken to give both fundamental and practiecal sige
nificance to the iawuatigaﬁi@um
When 1t was decided to ﬁﬁﬁay the relative concens

“tration of vztnm&#;ﬁ in Iowa apples, it was realized
that wide variations within & veriety introduced defi-
nite problems in sempling. The raaulﬁ# of investiga~
tione st the Mlssourl Agricultural Experiment Station
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(Murneek, 1945) indicated some of the factors reaponsible
for such varistion. The studies showed that the vitamin
¢ oontent of apples from outside branches was considerably
higher than that of spples from inside branches of the
game treej that the exposed half of an apple was higher
in vitamin € than the shaded half of the same applej
thet 2 smll appzﬁvha&'m@mm vitamin ¢ per unit of weight
than a lerge apple from the same tree; and that the skin
~ and outer edges of the cortex were richer in the vitamin
than the inner portion. How to formulate a sample which
would be representative, unbissed, and characteristic of
the orchard from which it was taleen, which could be rep=-
licated from yesr to year, and which would be comparable
with samples derived from other sources constituted a

ma jor problem. _

Before any of the preblems suggested above could be
attacked, 1t was necessary to develop snalytical proce~ '
dures sstisfsctory for the guantitative sstimation of
ascorbic aeiﬂ, debydroascorble seld, snd redustones in the
spple tissue, and ascorblec ascld in blood plasme. OQon-
slderable time was spent in eveluating methedology.

In swmmary, the investigation herein reported is
deseribed in units as follows:

" I. Evaluation of chemiecal procsdures adopbted

II. Formulation of an adequate sample of apples for

analysis
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III. Varietsl differences in the vitamin ¢
oconsentration of apples
 IVe Stability of vitamin ¢ in apples under
- yarious conditions of storage

v; Coneentration of "true® and “apparent®

vitemin ¢ in apples

VIs Availability of the vitamin C in apples

" %o the human being. |
Esch topie is treasted as an individual unit in this
theslis.

This study was initlated at the time of the estab-
lishment of the national copperative project sponscred
by the Office of Experiment Stations, U. 8. Department
of Agriculture and dealing with the conssrvation of the
nutritive values of foods. The present investigation
‘bm 8 purt of that project. The Iows station was
designated as a "key" atation and wes assigned the
‘preparstion of an annoteted bibliography to include all
information available on the subjest of vitemin ¢ in
apples. The literature has been reviewed and an annotated
1iat of references appears at the close of the present
dissertation. |
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In 1895, Theobald Smith reported that gulnea pige
fed a cereal diet unfortified with succulent vegetables
dled of a pecullsr hemorrhagic disesse. More than 10
years later, Holst and Frohlich noted a similarity be-
 tween this malady in the guinea pilg end humen scurvy.
In 1918, Oohen and Mendel reported thet with sultably
chosen diets they had experimentally produced scurvy in
guines plgs. Four years later Sherman, La Mer, and
Campbell published ﬁh& desoription of & method for the
quantitative determination of vitemin §. Gulnea pigs
were fod & basal dist free of vitamin G, but designed
to furnish optimum quantities of all other essential
nutrients. Relatlve amounts of vitamin C in foods were
measured by determining how many grams of the food under
test had to be suppllied each day to prevent scurvy in
the gulnes pig. When less then the "minimum protective
dose™ was fed, the severity of the sgurvy produced was
given s rating based upen the welght curve, duration of
1ife, symptome, and autopsy findings.



Unbil about 1933, this test represented the only
method available for the quantitative eatimstion of vita-
min O in food materisle, Many investigatora studled the
distribution of the vitamin in foods using this method,
but it was s slow and expensive gwaamﬂuxw. When & rapild
chemiocal method became available, knowledge about the
vitamin acoumulated wvery quickly. o

Clark and coeworkers (Cohen, Gibbs, and Clark, 1924)
wore the first to report that vertain frult Julces and
animal fluids were sble to desolorize a redox dye of the
indophenol olass (the 2,6=dibromo derivetive). 2Zilve (1927,
1032) later noted that certain concentrates of vitamin O
reduced the parent substance, phenolindophencl. He did
not attridbute this reaction to the vitamin itself, but to
some assoclated "protective substance®, It was Tillmens
(1930) snd his cowworkers {(1932a, b) whko cbserved that
the ability of foodstuffs to reduce 2,6~dichloreophenol-
indophenol freguently, but not without exception,
paralleled their antiscorbutic potencles. Harris and
Ray (1933a) and Bireh et al. (1933) worked out condie
tions for the preliminery extraction of foodstuffs by
grinding the sample with triohloroacetic acid in a
mortar, and titrating repidly in an scid medium with
a standardized solution of the dyes. These workers thereby
converted the prineiple of the Tillmans reaction
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into what seemed & apscific and accurate test for the
gquantitative estimation of ascorbic acld in focdstuffa,
The relisbility of the method was confirmed in many
instsnces by dirvect comparison of values obtained by
the chemlieal method against those determined by bloe
logical sssays (g.g«, Harris snd Ray, 1933s, b, o; Lund
ot 8l., 1934; Ray, 19343 Olliver, 1936).

Many aoids have been used &s the extraeding medium,
but since a number of investigators (Fujita and Iwatake,
19353 Musulin and King, 19863 Ponting, 1943) showed
that metaphosphoric scld was superior to other aslds in
inhibiting ensymic and sutoxidation, i1t has ocoms to be
ueed very generally ss %hafﬁmﬁwawkiangoéiamu

In 1957-38, Windlin snd Butler deseribed & proce-
dure for the determination of ascorbic meid in blood
- plaams in which the deoresse in the concentration of
oxidized dye produced by the sddition of an amount of
plasme insufficient to cause complete reduction of the
dye was mesasured by means of a phetoelectric colorimeter.
This method eliminated the subjective reading of mn
end-point and the need of an accurstely standardized
dye solution. Later that yesr Bessey (1938) published
s modification of the method whiech allowed for the
estimation of msoorbie aecid mnd dehydrosscorble ascid
in turbid end colored solutions in the presence of other
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dye, making it imposaible to locate the endnpaintror the
titretion with acouracy. In 1942, Harris, Mapson,and
Wang described s method for the potentiomstric determina~
tion of vitsmin C involving the use of & special mercury~
platinum double electrode. A sharp end«polnt was ob~
tained, and the method gave results in good agreement
with the direct visual titration method.

The resotion with 2,6«dichlorophenclindephencol in
metaphosphoric acid solubtion provides the most widely
used gensral bssis for ascorble scld snalysis. In 1936,
however, Roe developed an independent appromch in whioch
ascorble acid wes decomposed to furfural for colori-
metrie estimetion. In 1943, Hos snd Kusther descrided
another method not based on oxidationereduction. The
2,4~dinitrophenylhydrezine derivative of dehydrosscorbic
ac1d was formed and treated with sulfuric scid to give
6 colored product in samounts proportional to those of
the ascorblec scid originally present.

An sdesptation snd modification (Morell, 1941) of
the photometric determination of ascorbio acid in blood
serum as reported by min&lin‘%ud Butler (1987«38) snd
‘modified by Bessey (1938) to include colored or turbid
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solutions and plant tissues formed the basis of the
method used herein for the snalysis of the sscorbic acid
in eapples. The method was further modified by the sug-
gestion of Loeffler and Ponting (1942) that extraction
be made with a 1 per cent metaphosphoric acid solution.

The five apples from which the composite sample
was Ltaken were welghed as & unit to the nearest 0.1 gme
on & large Toralon balance. 7Twoe hundred ml. of the
acid were measured in & volumetrie flask calibrated to
deliver and poured into the eup of a Waring Blendor.
The apple samplea were cut quickly and immediately ime
mevrsed in the acid. The time required to obtain the
slices from the 5 apples was sbout one snd ocne-half
minutes. The vemmining portions of the 5 apples were
weighed immediately. The difference between thils weight
and that of the whole apples was the welght of the
sample. This sampling procedure reduced to & minimum
the losses of ascorbic scid by mxi&aﬁian due to exposure
to air and freeing of enzymes. The apple sample was
"blended with the scld for exactly five minutes and then
filtered through fluted filter paper. The pH of the ex~
tract was Z2.0+2.3.

Ten ml. aliguots of a solution of 2,6«dichloro~
phensclindophenol dye (16 mg. in 1 1. of redistilled
water) wore messured into polished colorimebter tubes.
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One ml. of the fixtargd npp1o extract was added from a

1 mi. Ostwald yipw#%n;_ﬁhq kubﬁjigvartwa,kwaua unﬂlylaaaa
in thu,xlaﬁtﬁaummﬂrﬁén photoelectric colorimeter. A
stop watch was started the instant that the extract was
‘released from the pipette, and the reading was taken
exactly 30 seconds after that, A few erystals of aéaerw
bic acld were then added to completely decolorisze the
dys, and a second reading teken. The color of three
aliquots from each extraot was determined. In each ine
atance, the lsst resding represented any ecolor or tur-
bldity present in the tissue extract and was subtracted
from the original reading, The loss in color, estimated
by comparison of the corvected resding with that of a
*dye blank®, was attributed to ascorbic scid, whav
blank consisted of 1 ml. of 1 per cent metaphosphoric
acld (instead of apple extract) and 10 ml. of dye solu~
tions 8ix tubes of dye blank mur@ prepared every day
that analyses were meade, and the sversge figure used in
the ealeunlations. , ,

A question qmaﬁu congerning the time at which the
reading ahbul& be made since there may be & fading of
the dye progreasive uiwnytémn- &ﬂ&n‘ﬂarmtrh have adopted
the procedure of taking readings at several time interw
vnxﬂg axﬁwﬁyﬁmuking,ta goroe time, and using thia value
in the calenlation of the astorbie acld present. Other



=18~

workers use the procedure of taking readings of dye
blank, unknowns, and standards at a definite time interw
val. Whether the differences between values obtained

at o definite time and those arrived at by extyapolaw
tion were important, was studied. Colorimeter readings
of dye containing 1 per cent metaphosphoric scid {(blank),
apple extract, and ascorble acld were made at 15, 30,
and 46 second intervals {(table 1). The greatest fading
observed amounted to 1.1 secale divisions. This, howeveyr,
has gv significence, since the colorimeter is accurate
only to within 1 sosnle dlivision, and also variation bew
tween items making up any mean was often of this magnie
tudes It was satisfylng to note that the color of the
apple extract was stable over a perlod of time as long
as 46 seconds. BSince the data Indicated that there be
no gain in acocurscy by taking readings at seversl time
intervals, it wes decided to determine the color of all
solutions used in the investigation exmctly 30 seconds
after addition to the dye. _

In the blending process, the ascoybic acid was
uniformly dlstributed throughout the entire liguid phase,
By determining the concentration of sscorblie acid per
ml. of filtrate, therefore, and by knowing the total
volume of the 1iquid, the amount of sscarbic seid in the
sample sould be caloulated. The total volume of liquid
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‘  was the tumfmf the volume of m«%t@haanhamia acld used
i%ﬁ@'ml.) plus the 1iqn1a praaant in the npnla sample.
The molsture content wt u&; &aum&#v @f ay#lan was do-
termined Lnlariplaanﬁu. camyaﬁita «unm&mz rnyrouanbkng»
6 apples were cut Qéiékiy and placed ig kamad’uwighzag
bottles. They were dried in alr for 3 hours at 40° C,
and then in a vacuus oven for 45 hours at ﬁﬂ“.

, In the calibration of the pha%aaalar&mator, thc
quantity af ascorbloe acid rwyxwaamﬁqd by a giwun mumbum
of divisions on the caiarim&tsr\ana}» uuuvéataymﬁnua
with standard solutions of ascorble setd. About 5O mg.
of ury#%nllxna aama#b1¢ a¢$& were accurately vhighpé on
an snslytisal balance, ﬁiaaaiﬁaﬁ_aaé diluted to a volume
of 100 ml. with 1 per cent metaphosphoric scid. This
aa&utiun was in turn diluted to various aanntnﬁrﬁ%;annc
When 148 dilutions fupmaman%ing‘ﬁa weighings hud been
resd in the colorimeter over & pericd of more than a
yoar, thn points were pxaﬁb¢ﬁ, a »ﬁg»&amian iina fitted
‘ta them, and an aqnutian ﬁ&lﬁﬁ&ﬂ%ﬁﬁ; The rngrunuzan
line bas been reproduced in figure 1. o

- The equatlon has bamukﬁaaa in the caleuletion of the
aaﬁa@ﬁtvat&@n of ascorbic acld infux& axtrﬂaﬂg of apples

_ann&ynaa in the praamnt utuﬂy. 5gmm &nvsdtigatarn in
ealoulation have anaﬁ a factor obtalned by the auulysia
of a standard solutlon of ascorble aecid. The present
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investigator, however, found that the faotor so de~
termined with different solutions of ascorbic acid was
not constant, The regression line and equation indleate
that the factor varies with as& songentration of ascore
bic seid in the sample, as ia shown in table 2.

Table 2

Scale divialons on eolorimeter corvesponding to different
soncentrations of sscorbic acid and fmotors derived from
the regression equation, showing variation in fastor
with variation in concentratlion of sscorble acid

Scale “Gome. of Factor
divisions ascorble
acid
Eg. POF mi.
10 - 004308 , » 000440
20 ; +00B283 + 000414
40 16086: «000401
60 +000397
100 +000304
140 «000392

To test results caloulated with the regression
equation, sclutions of crystalline ascorbic acid weve
treated sas wnknowns. The ealeulated concentration of
ascorbic acid was in all cases in close sgreement with
the setual amount of ascorbic acid in the sample. Table
5 glves the colorimeter dlvisions, the caleulated and
actual amounts of ascorbic acid in esach assmple, end the
percentage ol the sotusl amount present whioch the
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estimeted values represent. Good recoveries were ob=
tained with ascorble acld sclutions varying in con=
centration from gasm4,¢a ceﬁmm mge por 100 ml.

Table 3

Recovery of ascorblc aecid from standerd
solutlions of pure ascorble scld

“Bampie  Boale Kstimaced  Acbukl  Per cent
nos divisions ascorbis  ascorbic  recovered

« 000871, 10040
+000863 104.9
OloRe 101.0
+01126 99.5
~O1728 99.8
«08104 103.0
«02378 99.2
08690 100,85
+OB458 99.5
+04318 100.8

Hean 100.8

QORI RPN
o
>
»
Pt

In an attempt to evaluate the accuracy of the method
- and the technlgue of the investigator, further recovery
experiments were made. Two slices from the center of an
apple were used for sach test. One of the slices was
analysed in the ususl manner. 4 known geantity of as~
corbic acid was asdded to the metaphosphoric smold in whiech
the seaond slice was to be blended and subjected to the
blending process along with the apple sample. It had to
be assumed that the concentration of ascarbic acid in
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 peductones alse may be entountered in certain dehydrated
foods which have been subjested to heat trestment. He
has questioned the specifisity of the usual indophenol
methods for the estimetion of ascorbic seid in such
foods, perticularly sfter atorage. The reductones are
dirfieult to distinguish chemically from ascorbic acld
as they possess only slightly different stabllities in
scid and alkeline solutions and are oxidized by copper
snd even by sscorbic acld oxtidese. Mspson (1043b)
developed & method involving the condensstion of asoorbic
acid with formaldehyde at & pH of 2.0, sn acidlity at
whish the acawaeasam are only slowly condensed, The
amount of reductones present is derived by extrapola~
tion from & series of determinations mmde at intervels,
and the actual sscorblc secild in the ssmple caleulated
by difference from the total redusing power.

The method ﬁﬁaa w§,¢wu;wwgynﬁw.waaaaa»a:«paa,ﬁnu
~ the one developed by Wapson, mentioned above.

A vaa«»waggﬁ the seme filtered extrast prepared for
the estimetion of mscorbic acid was used for the de
termination of reductones presents The extract wes
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Photoelectric colorimeter scole divisions

20 standord ascorbic ocid
.0340 mg. per-mi. in sokstion

ok .0328 mg. per ml. estimated
3.5 % error

m -
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Ghuco - reductone

| 1 1 1

- ascorbic ocid and ghro-reductone
0130 mg. ascorbic acid per ml. in solution
L .0135 mg. ascorbic acid estimated

39% error
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Fig.2 [Reoction of pure ascorbic acid, gluco-reductone, ond a mixture of
ascorbic ocid and gluco-reductone with 8 percent formoldehyde at pH 2.0
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tiseue was pasmed through n&r&@i thus oxidizing ascorbic
aold to dehydroascorble acid. The bis 8,4~dinotrophenyle
hydrasine derivative of dehydroascorble acid was formed
by the addition of 2,4-dinitrephonylhydrasine, treated
wiﬁh‘uuiﬁuwia;uaiﬁ;vnnﬁ.%ﬁﬁ»@»ﬂ»@%ﬁa@;rnﬁeaaler~mmaauwsd
photometrically. An aﬁwﬁﬁim of these analytical prine
eiples to the determination of dehydroascorbic acid in the
presence of sscorble acid (Roe and Oeaterling, 1944)

. with slight modifisations wes used in the present study.

Apprakaahaly l@ grama af nppla tiusun {represent-

&ng 5 apylma) wors biumﬁ&é 1n tha Wﬁring Elandar for
thmaa minm%aa uiuh.ﬁtﬂ ml. af a ao&u&ian a@nxaining 5
}yer sent mw&npheuphuv&a nwid una 1 por cent %hienman.
(%h» yuwpanu of uha th&»umnn wnn ta utnbil&se khs a800r-
'biw aaid during hhs amﬁmamhian und auh&&qunnt truatmant~)
Whn naﬁruat wos thnn tiit«wta nna ﬁ mx‘ aliquatn wore

| mmnaawuﬁ inﬁa each of faur uumll ﬁrl&nmaywr fluskt._ One
of thﬁ!# uu& stapp&rmd anﬁ ﬁ¢t ¢n1ﬁ¢ ﬁm be used as a
'blamk. we auah of the a%hmru was ndﬁﬁd 1 mle of ﬁ per
cent a,duainitvaphanyahwawnt1ne maﬁu up &n upprax&matsly
0N auxruriu acide ?hnua f&ankw uuxa utapperwﬁ anﬁ hakd
at &?“ Ce taw three h@mra* th»n ea@%ﬁ&, tagaﬁhar with
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Photoelectric colorimeter scal/e divisions

Regression equation

Y=24.75 X - 0.7658

| ° I | I I I I I | l I

02 04 0.6 a8 10 12 14 16 1.8 2.0 22

Mcgm. per ml.

Fig.3 Regression of photoelectric colorimeter scale divisions
on mcgm. of dehydroascorbic acid per m/l. of solution.
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of bromine, shaken until yellow, decanted from the excess
~ of bromine $0 a large ﬁﬁat tube, and serated until colore
ltsu;A atmn&awdu“af #pyrmprintw aamwmntrutie&a were made
by dilu&&ng wiﬁhkﬁ par)eont mmtaphnaph@@iw acid uantainp
ing 1 per cent th&auron.‘ ' ,

, To test the ascurscy of the mmthad, éahydroancowhio
acld wes nédwa ka an ﬁppla extract. Tha rgcavari@a obe
ﬁuinﬂakawﬁ shown in table § below.

Table B '

Rkecovery of dehydroascorble acid
added to apple extracts

“Dehydro= Qnauﬁ&ty of Dehydro~ Dehydrow Fer cent

sscorbi  dehydro- ascorbic ascorblie of added
acld from ascorble seld in - acld re~ dehydro-
spple scid mdded extracts ocovered ascorbie

a&iﬁ re-

1,548 5.870 B.4)8 5,885 96,5
1,548 7,608 9,156 9.865 101.4

maw&auxn&wxex OF ASCORBIC gaxv Iﬂ
- BLOCD PLASMA
, The plan of the experiment for determining the
physiological avaimubixzty of ascorbic acid in apples
involved the amglyaia of plesma representing ssmples of
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blood taken from human subjects at 3Oe-minute &aﬁaﬁvuaa dure
ing the wmorning. The large number of samples required
r»ﬁm each subject esch day anmunﬁaﬁ thet & mloroe-anslysis
be used for the determination of ph sma ascorble acid,

The titration method of Farmer and Abt (1936) has been
widely used for the determinstion of ascorbic ecid in small
amounts of blood. In this method, the end-point is dee
termined by the appearance of an unstable, very falnt pink
color, Beocsuse of the possible error due to the subjective
factor involved in detecting such a color change, the ine
vestigator searched for a method in which the measurements
ecould be made by the photoelectric colorimeter. Such a
method has been developed by Mindlin and Butler (1987.38)
for use with the Evelyn colorimeter. The investigator
spent a great deal of time sttempting t6 modify the method
for use with the Klett~Summerson instrument, but was un-
suscessfuls An @pﬁ&atéﬁaﬁs of the deproteinized plasme
was sometimes encounbered which ocould not be explained
either in terms of dletary faectors, or trestment of the
sample, When the opalescence did not veccur, the results
seenmed satisfactory, although the values obtained were
consistently higher than those obtalned by the visual
titration method.



The miawawtaahmiﬁaa of Farmer snd Abt (1936) was used
for the determination of assorbic acld in blood plasmae.
Centrifuge tubes (i ml.) were oxalated by drying after
rinaing with a 2 per cent aolution of lithium oxalste.
Blood was ¢a&1a¢%ﬁﬁ.in’ﬁanaa tubes from the tip of e finger
whioh wes plereed ﬂ&th‘in autumuﬁ1n lancet. The blood was
centrifuged for ten minutes after which two 0.2 ml. ali-
guots of the plasha were nithﬁiwwn with & mioroe-pipette,
trensferred to 5 ml. tubes centaining 0.6 ml. of a mixture
of 4 parts of 2.5 per cent metaphospboric acid and 2 parts
of wnd&&t&klad aatar, and a#newitugaa for five minutes.
The deproteiniged plesms so obtained was either titrated
immediately or tightly corked and held in the refrigerator
émﬁwmr for mmrw‘thaa,ﬁ hﬂnma} unti)l the titration could
be carried out.

- 4 selution of dye was prepared by nwighins 19@ ngs of
2 ,6=d1lehlorophenolindophencl, dlssolving in hot redistilled
water, filtering, and dlluting to 100 ml. when cools. This
stock solution was stored in & brewn bottls in the refrig-
erator. A Iilﬁ«aiiatﬁﬁn was prepared %ﬁah ﬂay and stand~
‘_'ﬁwalmwﬁvby titrating ngaiﬁgé 2 mle of & standard solution
‘af,naamrb&a soid (approximetely 0.06 mg»&@rym&a&xiﬁa
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ascorbic acid per ml.) from & 5 ml, microburette (U.S.B.S.)
calibrated to 0,01 ml. The titration was corrected for
the gquantity of dye needed to pv@@ﬁaa the same faint pink
color in 2 ml. of 2.5 per cent metaphosphoric acid. The
factor obtained was used in the caleulation of determinew
tiona of plasma ascorbic scid carried out the same day.

The 1:10 dilution of the stock dye was further diluted
with an equal amount of redistllled water and wsed to fill
the Farmer and Abt microe-pipette. For the titration, 0.2
ml. aliquots of deproteinized plasme were messured into
the depressions of a titratlion tlle, Dye was added from
the burottg while the plasma~dye mizture was stirred with
a very fine glass rod. The first falnt pink color was
taken as the end-point of the titration. Six aliquots
of deproteinized plasms representing one blood sample were
titrated, and the aversge was used for caleulating the
plasme sscorbis acid value. A correction blank of 0.2 ml.
of 2.6 per cent metaphosphoric acid was titrated in the
same Wayﬁas the plasma. An average of 12 blank titrations
was used as the blank value in the calculations for each
daye.

The abillty of the investigator to recover ascorbic
acld from standard solutions by the method described above
is shown in table 6.
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Table 6

Recovery of ascorbic¢ scid from standard solutions of pure
gacorbic acid using the microe-method of Farmer and Abt

Concentration of | Ascorble ‘Per ocent
ascorbic aecid acid recovery
solutions used recovered :
mg. per ml. Bg. per mi.
0.001512 0.001545 102.2
0.,001429 0001441 100.8
0,001717 0.,001784 103,0
0.001524 0,001604 9940
0.001540 0.001455 94.0
0.,006842 0.,00B890 100.8
0.001485 0.0014800 104.6
0.001484 0.,001439 97.0
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There iz considerable variation in the concentration
of escorble acid in different varieties of apples (Fish,
Dustman, and Marsh, 1944; Kidson, 1944), The concsntrae
tion of vitamin € in any one variety, likewise, 1s not at
sll constant, Kidson (1944) in New Zealand, reporting on
the sscorbic acid content of spples from the Nelson dls-
trict, gave values for Delicious apples from four sources
as 1.9, 5.4, 4.7, snd 5.1 mg. per 100 gm. Sturmer apples
from five sources varied &ﬁ.@&ﬁ&rbia aoid content from
17.9 to 35.9 mg. per ocent. Murneek (1945) suggested that
the varlebllity in the concentration of asecorble mcid in
apples may be due largely teo various environmental factors
to which they were exposed during growth and ripening, and
that these, in sddition to the heredltary variablliity
{(specific ard varietel differences), should be taken into
sgcount in a proper assay of the vitamin C content of
apples. One of the objects in the present investigation
has besn to secure an estimate of the average vitamin C
goncentration of certeln varietles of spples grown in
Iowa, In order to do this, considersble time was spent
in determining how to formulete an adeguate sample of
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apples for analysis.

~ Before sny sampling plan could be decided upon,
sertain preliminary analyses wers necessary to determine
sources of varistion in semplea. Information thus obe
tained suggested procedurss for the formulation of a
ag@asatmaw¢&4; sample. These prooedures were then awawon
with the use of samples large enocugh to yield relisble
information, Upon these later tests, the recommendation
for the sampling procedure desoribed in s later portion
of this section is based.

PRELINMINARY EXPERLMENTS

A number of studies reported in the litersture have
shown thet the peel is severel times as rich in vitamin ¢
a8 the cortex (Fellers, Isham, and Smith, 1932; Zilvs,
Kidd, snd West, 19303 Todbunter, 1943) and that the side
exposed to the sunlight is higher than the shaded side
{Murphy, 19383 Murnesk, 1948). The quantity of tisaue
needed for a satisfsotory analysis is so smell that the
whole apple cannot be used in the determinstion. To obe
tain a portion of an apple with the proper proportion of
peel and cortex and with sll sides of the apple repre~
sented was the first problem that presented 1tself.
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Mesn dats derived from sectors of the frult should give
as relisble values as data bmsed on the anslysis of the
whole frult, Alter aana&aarﬁbla’éiaauauian, it was arbie.
trarily decided to use s full transverse sestion through
the center of each apple (ss illustrated in the dlagram
below) epproximetely 2-5 mm. thick, depending on the aize

of the apple.

Figure 4. Disgranm &haming sector of apple
used fav unazya L8

A aﬂaiuiaan ahna& kn&fo wag ﬁﬁad for eutt&ng &ad soring
the apyzma» k11 aﬁplaa analysn& in %hﬁ iavantiaatiau
herein wuyawtad have been sampled in this manner. When
the pw#timﬁ/l&ﬁﬁy was inihiuﬁaa, no wapawta dualing‘with
the pawtimm wblahmwmu&d bﬂ rﬁprnuanﬁa%&vn ax & whole fruit
could be xaaatmd in the 1&tamutumt. However, while this
menyseript was in preperation (December 1948), Schlaphoff
aua bnvuwtwa reported huvxng aﬁﬁﬁ&uﬁ the guestion of
whether or not 8 portien of tomato could be ﬁaulyaaﬁ Lor
uaaavbia naiﬁ in place @f the whole frult. They found
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that the mesan ascorble wm sontent of 20 tommtoes that
‘had been sampled by taking s horisontel slice from the
approximate senter of «uﬁh was not significently aifferent
from the mean derived from the snalyses of the 20 whole
frults. If the Awwméf aold in apples is distributed in
~the seme manner as 1t 1s In tomatoes, the section of apple
removed in snalyses herein reported may be assumed to be
representative of tmk w&a&a apple.

Before any attack ozs the problem could be made, it
seemed important to obtasin a pleture of the wvariation in
the soncentration of ascorblc amoid in individual apples
under the specific method of anslysis used, A number of
Jonathan upple.a from e commercial pack were analyzed
individually., In one lot of 10 apples, the amount of
sscorblic acld varied from 1.8 to 4.9 mg. per 100 gm. of
frult. The fact that differences of this size were en-
countered was not surprising, as even larger variations
from item to item in other foods have been reperted. For
example, when Leverton snd Werner {(1944) m:&.yma 174
individual potato tubers, the amount of sscorbic seild
varied from 7.54 to 64.08 mg. per 100 gm. of fresh potato.
Thus, the results of the studles described above indicate
that the vuml.yuu of individual spples or of lots containe
ing relm‘biwly amall number of apples would not yield
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information of satisfactory precision.

In the next study the possibility of reducing the
variation between successive semples by picking the
samples in an orderly fashion waz investigated, When lots
of Edgewood apples were plcked to represent all sides of
elght trees in a plot, the average soncentrations in two
lots of 10 spples each were B.77 and 2.92 mg. per cent,
This relatively small diffevence in vitamin O content
between two samples containing apples picked sccording to
a definite plan may be compared with 1.94 and 3.08 mg.
per ocent, which were the average concentrations of ascore
bie acld in two lots of 10 apples each, plcked at random
from a commercisl pack of Jonathan epples. Murneek's re-
sults in his studies of snvironmental factors affecting
sscorblie aold eontent of apples while maturing on the
tres (1948) explein why & redustion in variation might be
expocted whan lota sare selested from all sides of a number
of treea., He found thati

Fruits developed to harvesting maturity on
the outside portion of the tree, where
there is better exposure Yo light, are
almost invarisbly higher in sscorbie acid
sontent than when grown on shaded branches.
Within the apple itself, there is a higher
congsentration of this vﬁhﬂm&a on the side
expesed to sunllight then in the epposite or
shaded (shaded by the frult iteelf) side.

This is not merely "skin deep”™, or due to
the formation of red color, but within the
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‘flesh of the frult, as ls indlcated by
peeled apples and vu»iahaaa thet have no
blush {red) solor, such as the Golden Deliw
~ pious, Within the range of emmmawa&nxly -
- desirable sizes, the smaller frults are
~ somewhat higher in ascorble meid than th»
“lerger ones. If 8 comparable tvee or limb
&gwwzﬂa & relatively light orop, the vitamin
content of the frult is apt to be somewhat
higher then in the came of & heavy yleld,
Ascorbic acld concentration in fruit borne
on wesk trees, of low vegetative vigor
- evidently 1is E&@hﬁ? than in frult on vigom*
ous trees. This he associated with a
f‘aam@nmmﬁ&vnl low nitrogen or high carboe
hyﬁwu&n aan%mnt af aaﬁh twuua.
Wha 1&»% pwaximmnnﬁy staﬁy uaa aaaianwa ta find out if
thﬂ raduatiam in vamiau&an that followed kha arﬁarly
formilation of the ampz.a was sssoclated with the bale
mmm of the ssuple with mm nubers of appua trm'
ulz aldes of esch traa rwpnﬁwunﬁoﬁu The aennentratimn
af vxhnm&u a iﬁ uumwxﬁa vnpr@nan&ing the ewa hnlvas of
auah.ttuu in & row was ﬁnt«mmiamau The m»an naaar&ia ascld
aun#anﬁ of the fa&r gwﬁup¢ af app&ﬁ# uva shawn in table 7.
 the qaea#inn ara&w a8 t0 whether or not the differe
annns b&ﬂﬁu&n the mutma whana in ﬁmblw 7 were gnonh enough
to be more ﬁhﬂn ahaueu £Xuatnxﬁxmmu in random aawy&&ug.
The uuulynia af vnvikmau of ﬁh@ nxaawbi& aeiﬂ aan»antra«
tion in ﬁha app&ﬁa &a ah@un in %&b&» 8+
When #ha F tnat vaa appliaﬁ ta the mman tqumwus, the
varienge bokuaan ﬁhﬁ n@»@h &n& aauﬁh,&iﬁa; ar tho trﬁaﬁ

was found to be significant, nad ﬁhﬂt h@ﬁa&en the east
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different parta of the trese and from equal numbers of treess
from the esat end west ends of the row.

SAMPLING STUDY

On the basis of results obtained in the preliminery
experimenta, a sampling study wee planned in which the cone
centration of ascorbic scld in large mumbers of individusl
apples and lots of apples was determined. The results obe
tained were analyszed statistically and used as an indloaw
tion ¢f the cheracter and size of sample which would best
represent the vitsmin C content of the apples on the trees
from whioh the apples tested were picked. Willow Twig
apples were chossn for thls {nvestigation beceuse «msw
were higher in vitamin O than any other variety available.

The apples used in experiments 1, 2, and 3 were sll
pleked on the ssme day from the same 10 trees in a large
commercial orchard nesr mas»apaan»,awanazun. The trees
were a8 uniform in age, amount of erop, vigor in growth,
exposure to sunlight, soll conditions, and freedom from
disease as is generally observed in commercial orchsrds
recelving good cultural treatment. The apples wers mature
and wore chosen to be uniform in sisze and color snd repre-
sentative of the sige and color of the frulta on the half
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of the tree from which they were picked. The apples were
taken directly to Ames by automoblle and held 1in cold
storage (32° F,) for 17 days. All of the samples were
enalyzed for ascorbie ascld within the subsequent five-day
period. The per cent of molsture determined in a group
of five apples was 83.66*'

The spples used In experiment 4 were picked at mature
ity from 10 trees in g large commercial orchard in Illinols,
south of Jacksonville, In this case the apples were held
in cold storage for 27 days sand were then snalyzed in the
following three~day period. 4 molsture determination
showed that the apples were 84.40 per cent water. All
analyses are reported on the basls of fresh welight.

Experiment 1

The object of experiment 1 was to compare the varia-
tion in the concentration of ascorble acid from apple to
apple with that of apples representing different trees.

A lot of 100 apples, 10 picked at random from each of the
10 trees, was used in the study. Easech apple in the lot
was analyzed for vitamin C. The apple lowest in ascorbic
acid contained 10.87 mg. per cent; the one with the
highest concentration hed 23%.56 mg. per cent (table 9).

The mean concentrations of apples representing the 10



Table 9

Concentration of ascorblc acid in 100 apples (10 from each of 10 Willow Twig
trees) analyzed individually

Pree number

18.03

16.93

19.20 14 .87 16,99 16,40 18.15 18.20 16.31 17 .30 14,67 17.68
18.29 1779 18,12 15.52 17.18 12,70 15.38 19.94 16.17 14.74
17.85 15,38 17.33 16.44 16,31 18,86 17.686 18.44 16.69 16,02
19.97 17.53 16.86 16,23 16.95 16,62 16,93 18453 16.34 15.76
18.8B0 17.02 14.94 17 .07 17.54 16.69 15.01 17.28 18,12 16.40
19.13 16,58 18459  17.17 16.37 21.15 15.56 23456 18.29 12.67
17.38 14,11 18,08 17.12 10.87 19.41 154,01 19833 18410 16.54
le.77 18.29 17.85 16,00 16.07 18.81 16463 21,92 18,39 15.20
14.681 18,65 14.62 16.81 17.17% 14,48 16.76 15.91 18.67 16,17
20,28 19.42 18.10 16.87 19.19 17.51 16.47 18.38 18.40 17.12
Eeans

16.886 16,56 16.58 18.12 16447 19.16 17.18 15.83

¥ean of a&ll, 17.17

wl‘fggﬂ ‘
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different trees rarged from 1l5.83 to 19.16 mg.

The analysls of variance (table 10} of these determi~
natlons indicated that applﬁa'fram different trees dif-
fered significantly in vitamin C content.

Table 10

Analysls of varisnce of vitamin ¢ determinations
on 10 apples from each of 10 Willow Twig treea

Mean square

Source of varlstion Degrees of freedom

Trees , ] 2,72
Apples of same tLroe 90 2.48

By taking 10 apples at random from each of 10 trees
instead of 100 apples at random, the efficlencyyof esti-
mating the concentration of sascorbic aeid in the apples

on the 10 trees was 1norea3aﬁ 35 per cent.

Experiment 2

The results of one of the preliminary experiments
indicated thet there was a significant difference in the
soncentration of ascorbic acld in apples from the north
and south halves of trees, To test this finding and st

the seme time examine the mmount of variastion between sets
of apples from different trees, 10 apples were picked from
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the north half and 10 from the south half of each of the
same 10 trees (200 apples in all) from which the apples
for experiment 1 were plcked. These apples were analyzed
as composite semples with five apples represented in each
analysis (40 anelyses, data presented in table 12},

The analysis of variance of the results obteined
(table 11) showed that there wes a highly aignifia&nt difu
ference bhetween the as&arbiévaaid content of apples from
the north and south halves of the trees, The apples from
the north contained more escorblc acid than those from
the southe The variation from tree to tree also was

highly significant, confirming the results of experiment 1.

Table 11

Analysls of variance of vitamin ¢ determinations on four
sets of five apples from each of 10 Willow Twig trees

Source of variation Degrees of freedom Mean square

Trees ‘ 9 277
Sides of trees (Ne3) 1 6.56
Error 29 53

The mean square associated with tree-side interaction was
very low, indiesting no differentiml response from tree

to tree. By taking two determinations from the north half



Concentration of ascorbic acid in 200 apples (4 sets of 5 apples from each of

Table 12

10 Willow Twig trees) analyzed as composites

Tree number

Horth  18.06 18427 18.88 17,84 19.07 19.07 18,00 18,19 18,13 17.54
18,53 17.36 19412 17.38 18.63 1B.62 16426 18,95 18,66 16.26
Mean = 18429 17.81 19.50 17.61 18,85 18,84 17.13 18,57 18.39 16.90
South 16465 17.17 18431 18.08 17.59 17,46 15,93 18.87 17.55 15.74
. 17429 17.56 19,11 17.81 17.25 17.24 16.87 17.68 18,34 15,12
¥ean  16.97 17.36 18,71 17,94 17.42 17.35 16.40 18,27 17,94 15.43
Tree ,
means 17,63 17,59 19,10 17,78 18.13 18.10 16.76 18,42 18,17 16.16
Mean of all, 17.79

Q-Og'w
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and two from the south helf of 10 tress lnatead of 40
determinations at random from the 10 tress, the efficlency

was tripled.

Experiment 3

The results of the first experiment show that although
there are large differences in the concentration of ascore
bic seld from epple to apple, these dlfferences were conw
siﬁarﬁbly smaller thean those found between the 10 apples
from different trees. 1In experiment 2, the differences
between the ascorblc acid content of apblea from the north
and south sides of the trees were even greater than those
from tree to tree,

Apples used in the third experiment slso were picked
from the sarme 10 trees as were those used in experiments |
1l and 2, The samples were formulsted as described below
in an effort to eliminate as much of the variation be~
twesn samples as posaible.

Ten samples were used in the study, each contalning
20 apples, one apple from the north and one from the south
of each of the 10 trees. Each sample was made up of four
sub-gamples, Sub-sample I was composed of 5 apples from
the north sides of trees 6«103; suvbw~sample II, of flve from

the south sides of the seme five trees; sub~sample III, of
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five apples from the north sides of trees l-5; and sub=-
aample IV, of five apples from the south sides of trees
1=5, Each sub-sample was treated as a composite in the
vitamin ¢ enalysis, sectors being removed from each apple
represented therein. When the results were analyzed sta~
tistically, the variation between the four sub-samples was
highly aignificant with the sube-samples taken from the
north aides of the trees containing more vitamin ¢ than
those from the south. The results support the findings
of the first two experiments. The amount of wvariation
from sample to sample (range from 17.36 to 18.85 mg.) was
barely significent (table 13).

By tﬁk&mg an equal number (100) of apples from the
north and south helvea of the treeg instead of 200 apples
at random from the orchard, the efficlency was increased

46 per cent,

Experiment 4

In an attempt to evaluate the results of experiment
3, the study was repeated using 20 samples (20 apples in
each sample) instead of 10 (table 14). The apples for the
study were obtained from a different orchard than those
used in experiments 1, 2, and 3. The difference in con-

centration of vitamin C between the four subesamples again
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Table 13

Concentretion of sscorble acid in 10 samplesa, emch sample

sontaining 20 apples (analyzed as 4 composites of 5 apples

esch) and made up of 1 apple from the north and 1 from the
‘ south of easch of 10 trees

TSample Sub-sample number Mean
- pumber .
I(N) 1I{8) IIX(N)  Iv(8)

1 19.58 17,85 18.98 18,08 18.62
2 18,857 18.24 18.68 17.18 18,17
3 18.21 16.44 19.00 17.19 17.54 771
4 19.47 17.90 19,93 18,11  18.85
5 18,81 18.41 18,19 17.68 18.87
8 18.84 1B.53 18,54 18.14 18,51
7 18.76 17.86 18,51 17 .24 18,09
8 18,20 15,40 18.6% 17.18 17.36
9 17t93 16,07 18.68 18,67 17.61
10 18.15 16,78 17.50 17.29 17445
Means

18,56 1738 18.67 17.68 18.06 .

was highly signliflicent, This time, however, the apples
from the south and not those from the north, as in experim
ments 1, 2, and 3, contained the highzat econcentration of
the vitamin. The investigator has no explanation for this
apparent inconsistency. The data, however, again serve to
emphaslize the importance of having equal numbers of apples
from the north and south sides of trees in a sample, There
waa no signiflcant dlfference between the 20 samples,

indlcating uniformity in the samples. The size of the
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Table 14

Concentration of ascorbic acid in 20 samples, each sample

containing 20 spples (analyzed ss 4 composites of 5 apples

each) and made up of 1 apple from the north and 1 from the
south of each of 10 trees

Sample Submsample number  Mean
number

I(§) 1I(8) xxztﬂ)‘ V(3)

19,67 17,59 20,72 19.55 19,38

20,59 20.84 18466 18.26 19,59
18446 19445 20450 20,06 19,62
20,06 1,72 20424 20.82 19,96

20441 18430 19,73 22,00 20.11
20.528 21.61 20.19 20497 20.82
20478 21.52 20426 20,18 20,67
19.22 18425 19,60 20,64 19,42
16480 19456 19.26 19.40 18,75
€1.01 19.54 20,22 21.38 20,54
19.81 19.67 18,15 19408 19,09
1758 18483 21.17 22.24 19,986
17.31 21.38 19.69 19.96 19.87 ¢
18495 19447 19.11 22,04 19,89
18,30 19.49 18.71 21.87 19,77
19,62 20.88 18,02 18.41 19,08
18.25 19,128 19,00 20.44 19.20
18477 1790 20,66 21.26 19,158
18,09 20,79 2077 20,09 19,93 «
204,93 21436 19.46 22,06 20.96

Means 19.14 10.68 19,76 20454 19,77

DO 10 ot o ot e b o e S _
g il =i g of vt od ~ it A

sample (20 apples) and the method of formulating the sample
were such a8 to provide a measurement of ascorbic acld

charecteristic of the apples of the 10 trees represented.
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DISCUSSION

The analysss described asbeve illustrate several points
that an investigator should take into consideration in the
preparation of a sample of large frults for analysils repree
sentative of the population from which 1t is derived. The
great difference in the concentration of vitemln C of indle
vidual apples taken from the same tree and the even greaster
differences in the ascorbic acid content of apples produced
by different trees show the importance of using a large
number of apples in & sample and of an equal dlstributlon
within the sample of apples derived frém different trees.
in addition, the epples from any one tree probably should
represent frult plcked from all sides of the tree. The
difference in the concentration of ascorble acid in apples
from the north and the south sides of trees Lllustrates
this point. Perhaps in the future the study should be ene
larged to include esst ahﬁvw&at aides as well., In setting
up the present atudy, 1t was thought that due to the in-
fluence of light, apples from the north and the south repre=-
sented the extreme velues.

If & sample is pleked in an orderly fashion so that
individual varistion, bree variation, and side of tree

variation dre accounted for, the sample can be sxpected to
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glve a good estimate of the concentration of vitamin C in
apples derived from the trees represented in the sample.
The results in experiment 3, however, in which the differ-
ences between samples just bordered on significance, suggest
the advisability of considering the inclusion of more trees
in the group providing the sample. In other words, a
properly designed sampling of apples (formulated as in ex-
periment 3) representing more than 10 trees would increase
the chances of drawing a sample that ylelds a good estimate
of the concentration of ascorbic acid in the population
sampled.

Comparison of samples formulated as in experiment 3
above permits a reliasble evaluation of the effect of pro-
cessing and storage procedures. It is apprecisted that the
samples as picked do not represent a random sample of the
apples produced by the trees included in the study. It
should be recalled, elso, that trees were chosen to be as
uniform in age, amount of crep, vigor in growth, exposure
to sunlight, soll cmnﬁiﬁioaa, and freedom from disease as
possible, The samples as. pwke;l are representative lef the
Us 8. Fancy grade of appléﬁ. It is reasonable to assume
that about 90 per cent of the apylés that go in commercial.
storage are of the hlgher grades. It was necessary to aset

up samples of a high grade of apples bn account of problems
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involved in holding the fruit for the storage phase of the
inveatigation. The relative aavantagas of a sample of high
keeping quality and of one completely randomized were
carefully cena;dar%d.

The importance of the present study lies in the
clean~cut demonstration of the need of an orderly formuw
lated sample., It would be Interesting in the future to
compare results obtsgined in sampling procedures based on
wholly randomlized lots with those reported in the present

experiment.

PROCEDURE ADOPTED AND RECOMMENDED FOR THE FORMULATION
OF ADEQUATE SAMPIES OF APPLES FOR ANALYSIS
It might be well to describe at this point, the eiact
procedure followed Iln the formulation of all samples used
in the analyses made in the present investigation. 1It,
the author bellieves, should form the basis for & procedure
that might be recommended to other workers in the field.
An eastewest row or group of 10 apple trees of one
variety was selected. The north halves of the firat five
trees astarting at the west end of the group were desige-
nated a3 quadrant I, the south halves of the same trees,
as quadrant II, the north halves of the five trees at the

east end of the group, &s quadrent III, and the south
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halves of these five trees, as quadrant IV.

Ir, for éxample, the plan for the vitamin ¢ study for
the year required 400 apples of one variety, 40 apples
were plcked from each of the 10 trees selected., Twenty of
the mpples were from the south hsalf of the tree and 20
from th@ northe Plckers ﬁer@ instructed to choose only
those apples which were free from all skin injuries such
g8 scab, sunburn, severe russeting, end insect damage.

The spples were selected, furthermore, to be falirly uni-
forfa in size and color, and to be representative of the
size and color é;f the apples on the half of the tree from
which they were taken. Wh@n'?@ apples had been picked
from the north half of the flrat tree, inspected, put in
a box, and labeled, the pickers moved to the south half
of the tree and repeated the procedure there. Finally,
there were 20 boxes of apples, one containing 20 applaé
from the north half and one containing 20 apples from the
south half of each of the 10 trees. (Each sample for
analysis finally contained 20 applea«~one from each of
these boxes.) | |

After pleking, the apples were taken to the labargtory
and lald in rows on & table, as lllustrated in figure 5.

The frult was carefully hand cleaned to remove BpFay
reslidue, and wrapped in olled paper to reduce the incidence
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Figure 5. Arrangement of apples representing the north and
south sides of 10 trees in an orchard, as used
in the formulatlon of samples. Quadrants I to
IV are lndicated.
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Puring the past 20 years, many varieties of apples
‘have been analysed for ascorbie acld. The great majority
of the varieties teasted contain relatively small quanti-
ties of the vitamin, .» number of investigators, however,
have reported the finding of a variety containing 20 or
more milligrams of ascorbic acid per 100 grams of fruit,
One of the earllest of such reports came from England when
in 1930b, Bracewell, Hoyle, and Zilva reported that of 10
varieties tested, Bramley's Seedling was markedly more
soctive antiscorbutlically then any of the others. More
recently (1944), West and Zilva have reported the potency
of this apple in terms of &wwswmauﬁn of ascorbic acid
present. They found that when freshly plcked, Bramley's
Seedling apples contained about 21 mg. per 100 gm. of
tissue, Xidson (1944), in New Zealand, analyzed 11 varie~
ties of apples grown in the Nelson district and found one,
the Sturmer, which contained es much as 36 mg. per cent of
ascorbiec scid. Of 150 varieties tested by Johansson (1939)
w#&iuatau tour gave values of about 30 mg. Superior even
to these was the White Winter Calville. Three consecutive
erops of this variety were investigated snd the mean value
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of the results was about 50 mg. of ascorblc acid per 100
grams of fruit. In this country, Fish, Dustmen, and Varsh
in West Virginis reported in 1944 that the Red Duchess
contained 20 mg. per 100 gm, As data secured in the present
investigation will show, Iowa also has its high vitamin C
apple, the Willow Twig, Most of the more popular varie-
biea; however, contaln only about 5 to 12 mg. per cent
when freshly plcked.

In the prasant'study, 29 varietles of apples were
snalyzed as soon sfter plcking as possible. It was the
original plan that all the apples for this investigation
were to come from the college orchard at Ames, but in 1944
kanﬁ 1945 there were no apples in thls orchard because of
latemapring frosts, The apples used in these two years
were obtained from orchards in other parts of Iowa and.
from Illinois and Missouri. |

Whenever possible, the samples were made up of 20
apples plcked from the north and south sides of 10 trees
as described in the unit on the formulation of an adequate
sample of applea for analysis. As indlcated earlier, such
a sample ylelded a good estimate of the concentration of
ascorble acid in the apples of the trees from which they
were plcked., Direct comparison Gf the vitamin C velues of

different varietlies was, therefore, believed to be reliable.
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In some instances, however, there were not as many
as 10 trees of sach variety in the arahara. In such cases,
20 apples were plcked from a fewer number of trees, In
1943, the apples were analyzed on the same day that they
were picked, but, because the apples came from diatant
orchards, this was impossible in 1944 and 1945, When 1?
wes necessary to hold the\samglea for & day or longer

before analysis, they were képt at 32° F,

ASCORBIC ACID CONTENT OF SOME MIDWESTERN APPLES

The ascorbic acild content of all of the varieties of
apples analyzed Ey this investigator are listed in table
18« Also glven are the water sontents, sources of the
gsamples, the year or years of analyais, and the number
of days after pleking that the samples were held before
analyals.

The data show that most of the varleties of apples
grown in the Mldweat contain aspproximetely 6 to 9 mg. of
vitemin C per 100 gm. of Qr&ah frult., In certain variee
ties, namely the Lansingberg, Northwestern Greening,
Paradise Winter Sweet, and White Winter Pearmain, the
concentration of aéaawblc acld ranges between 3 and 4 mg.

per cent., Of all the varietlies atudied, the Willow Twig
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Tabls 18

Geﬂcaatratien of sscorbic acld in different varletles of apples grown in the

¥ldwest when freshly picked
Variety Days Ascorbic Water Source of sample Year

held scid in

after fresh

plcking frni.t. ﬁ
Willow Twig (& 83.99 Ames, Iowa 1943
Red Willow 6 84,79 ﬁitch&livil&s, Iowa 1945
¥illow Twig 6 83487 Patterson, Illinols 1944
Willow Twig 3 83,16 Hannlbal, Missouri 1945
Willow Twigs 4 83441 Hannlbel, Missouri 1945
Fillow Twigs 3 mwmww Loulislana, Missourl 1945
Willow Twigs 4 --me= Plttsfield, Ill. 1945
Red Willows 4 ~mmmwe Plttsfield, Ill. 1945
Edgewood 0 85,32 Ames, Iows 1943
Jonathan o 83.68 Ames, Iowa 1943
Turley 2 85,79 HNitchellville, Iowa 1944
¥Winter Banana- 2 85444 Manchester, Iows 1944
Baldwin 6 83.92 Fort Madison, Iowa 1945
Secor o 84,77 Ames, Iows 1943
Yellow Newiown 3 84,75 Fort Madison, Iowa 1945
Jonathan 4 84,63 Columbus Junction, 1945

Missourl

Golden Dellcious 2 85.14 Mitchellville, Iowa 1944
Ralls S 83.22 Fort Madison, Iowa 1945

#Samples, immeture, plcked three weeks before commercial plicking date

Snntiéued on next page
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iz outstending in that 1t contalns several times as much
ascorbic acld ag any of the other varieties, In 1943,
the Willow Twig apples from the college orchard at Ames
had about 23 mg, of ascorbic acid per 100 mg. of fruit,
The following year, & sample from & commercial orcherd
south of Jacksonville, Illinols contained approximetely
20 mg. per cent. In 1945, samples of Willlow Twig apples
from three sources were picked about three weeks before
the commercial picking date. The concentration of ascorw
bic acld varied from 14.6 to 19.5 mge per 100 gms Another
sample from one of these sources was picked on the com~
meycial plcking date, The concentration of vitamin C was
approximately the same as in the earller sample. The Red
Willow, & #part of the Willow Twig, was slso high in
vitamin C. A sample of immature Red Willow apples cone
tained the same amount of ascorbic acid (14.6 mg.) as
immeture Willow Twig apples from the same orchard. MNore-
over, Red Willow epples from central Iowa contained 22.3
mg. per cent of vitamin C. BSamples of Willow Twig or Red
Willow ssmples relatively low in vitamin ¢ contained at
least twlce as much ascorbic acld as most of the other
apple varieties tested. It 1s interesting that although
the concentration of ascorbic acld in the Willow Twig ob-

tained from different orchards and in different years

&
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varied, this variety and its sport were the only ones that
consistently showed a high concentration of vitamin C.

The dats indicate that Willow Twig apples are inherently
high in vitamin C.

The variation of the concentration of sscorbic acid
in the Willow Twig from orchard to orchard should be noted
particularly (table 15). Similar variation was observed
in other varieties. Samples of Jonathan spples were ana-
lyzed in three consscutive yeara, Each year the apples
were obtalned from a different érahard. The average c¢onw
centrations of ascorbic acld were 8.8, 6.8, and 7.3 mg,
per 100 gm., Winter Banana apples from two orchards conw
tained 84,5 and 5.3 mg. per aenﬁ asgorble scid,

It is interesting that even in as small an area as
the one from which the apples analyzed in the present study
were drawn, variation in concentration of vitamin C as
high as 20 to 25 per cent occurs (teble 15). Differences
in environmental conditions probably are reaponsible, A
number of investligators have studled the effects of such
factors on the ascorble acld content of apples. Condie
tions which may vary from place to place are soll, ferti.
lizgetion, irrigation or ralnfall, ggraying, sand amount of
sunlight. In 1933, Potter reported that Winesap epples

from trees in plots receiving a complete fertilizer



appeared to be ﬁighar in vitamin C than those from trees

in unfertilized pleota. In 1939, howsver, Todhunter showed
that in two sessons Winesap apples from fertilized plots
were no higher in vitamin C than those from unfertillized
plots. Moreover, the results of studies made by Kessler
(1939) 1ndiéab$& that over-fertiliging of trees with nltro~
gen depressed the sscorblc acld content of the frult,

A study of the effect of avallable molsture on the
vitemin C content of apples {Todhunter, 1939) ylelded
evidence which was noneconclusive. There was no difference
between the concentration of vitamin C in Rome Besauty
apples from trees in plots recelving 30 or 60 acre inches
of water per sesson, while Winesap apples from trees in
plots redaiving 60 acre inches of water appeared to be
higher in vitamin €¢ than those from plutﬁ receiving only
30 acre inches of water.

Spraying the trees seems to have no effect on the
vitamin C content of apples (Fellers, Cleveland, and;CIque;
1933).

The results of studlies by several investigators are
in agreement in regard to the effect of sunshine on the
agscorbic acid aon%ent of the frult, Zilva, Kidd, West,
and Perry (1934), Johansson (1939), Kessler (1939), Murphy
(1938}, and Murneek (1945) all have shown that the side of
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en apple exposed to the sun is higher in ascorblc acid
than the shaded side,

Kessler (1939) and Murneek (1945) have reported that
the concentration of ascorbie acld in apples from trees
which were heavily losded was less than in fruit from com=
parable trees carrylng & light orop.

One or more of the factors mantien@d above might be
responsible for the differences found between éamplas of

apples of the same varlety from different localitles.

. COMPARIBON OF ASCORBIC ACID CONTENT OF MIDWESTERN APPLES
WITH ASCORBIC ACID CONTERT OF APPLES
GROWN IN OTHER REGIONS

Some of the varieties of apples analyged in the present
study, and many more, have been tested by a number of other
investigators. In table 16 the ascorble acid values of
certain varieties of sapples determined by the writer
(Anders) are listed with values for many varieties obe
tained‘by gevdral other investigators ualng some moéifica#
tion of the indophenol titration method. If 1t is assumed
that values glven in table 16 are compsrable, it seems
that apples grown in other emuntries are higher in vitamin
¢ than those grown in the United States. In this country,
west Virginie would seem to produce apples richer in



Table 16

Concentration of ascorbic acld in different varieties of apples determined by &
number of Investigators using modifications of the indophenol titration method

Variety Ascorbic “Source of sample Investigator
geid in
- fresh frult ‘ , ,
e e

Baldwin 8.2 Fort Madison, Iowa Anders

Baldwin 137 Alnarp, 3weden Johansson

Baldwin 6.0 Amherst, Hassachusetts Ruffley, Clague,
Fellers

Pallarat 1l.8 Umulouri, Few Zealand Kidson

Belle de Boskoop 1644 Alnarp, Sweden Johansson

Belle de Boskoop 10.8 Altenburg, Germany Paech

Berlepsch 24,5 'Altanharg, Germany Paech

Blenheinm 6.8 Paullinehof, Germany Paech

Blenheim 24 o7 Alnarp, Sweden Johaasson

Blenheim 24.9 Alnarp, Sweden Johansson

Eramley's Seedling 31.8 Alnarp, Sweden Johansson

Bramley's Seedling 18.8 East Malling, England Viest and Zilvs

Cox's Orange 175 Alnarp, Sweden Johansson

Cox's Orange 10.2 Alnarp, Sweden Johansson

Cox's Orange Be3 New Zealand - Keys

Continued on next page
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Table 16 (Continued)

Variety Ascorbic Source of sample Investigator
acid in
fresh fruit
mge/ 100 Elle
Granny Smith 10.2 Stoke, New Zesaland Kidson
Granny Smith 9.0 Tasman, New Zealand Kidson
Granny Smith 7e2 Mahane, New Zealand Kidson
Gravenstein 21.5 Alnarp, Sweden Johansson
Gravenstein 14,5 Alnarp, Sweden Johansson
Grimes Golden 6.8 Fort Madlson, Iows Anders
Grimes Golden 246 =~ 3 Romney, West Virginis Marsh
Grimes Golden 14.8 ¥organtown, West Virginia Fish, Dustmen,
- Marah
Johathan 848 Ames, Iowa Anders
Jonathan 6.8 Mitechellville, Ioma Anders
Jonathan 7B Columbus Junction, ¥issouri  Anders
Jonathan 10,7 Morgantown, West Virginia Fish, Dustman,
' Harsh
Jonathan 14.9 Alnarp, Sweden Johansson
King David 6.3 Fort Madison, Iowa Anders
King David 8,8 Alnarp, Sweden Johansson
London Pippin 9.3 Redwood's Valley, Kidson

New Zealsnd

Continued on next page
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Table 16 (Continued)

Varietly Ascorble Source of aamgle investligator
acld in
fresh fruit
Sturmer 31.0 S8toke, New Zealand Kidson
Sturmer 3549 BErightwater, New Zealand Kidson
Sturmer 3240 Brightwater, New Zealand Kidson
Wagener 77 Morgantown, West Virginia Fish, Dustmen,
- Marsh
Washington 9.1 Redwood's Valley, New Kidson
Zealand
Wealthy 8.0 Morgantown, West Virginia Fish, Dustman,
Harsh
Wealthy 6.6 Alnarp, Sweden Johansson
Fealthy 12.9 Alnarp, Sweden Johansson
Wellington 2345 Alnarp, Sweden Johansson
#ellington 22.6 Alnarp, Sweden Johansson
White Winter Calville 36.7 Alnarp, Sweden Johansson
White Winter Calville 48.2 Alnarp, Sweden Johansson
#inesap G.4 Fort HMedison, Iowsa Anders
Winesap 5.8 Wenatchee district, Wash. Todhunter
Winter Banana 543 Fort Madison, Iows Anders
Winter Banana 3¢5 = 7.0 Wenatchee district, Wash. Todhunter

Continued on next psge



Table 16 {Continued)

VVariety | | Ascorbic Source of sample ] | | Investigsator
acid in

York Imperial - 5.8 Foprt WVadison, Iowa Anders

York Imperial 8ed ¥organtown, West Virginia Fish, Dustman,
Mareh

York Imperisl 1.7 Kearneysville, Weat Virginia Marsh

York Imperial 30 Awherst, Hessachusettis Ruffley, Clagus,
Fellers

-qG -
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vitamin ¢ than other states growing the same varietles.
Apples grown in the Midwest and the Pacific Northwest
compare very favorably,

Whether diffarenaaa'in values for the same varleties
a8 listed in table 16 rapréaanﬁ true regional differences
should be questioned, however. Several reasons for this
statement might be clted., Fish et ale. (1944) have re-
ported Qanaidarahlevlcas of vitemin ¢ in apples held for
short perlods (3«24 days) of time after picking. While
certaln of the Investigators have ezercised p@rticular
care in the handling of the samples from the time of picke
ing to enalysis, and have attempted to analyze the apples
on the pleking date, many workers have not mentioned nor
‘sesmed to be cognlzant of the lmportance of the lapse of
time between the plcking date and the date of analysis,
thus introducing & possible variable.

A large part of the variastion found between values
reported for the same variety by different inveatigatora
may be assoclated with the composition of the analytical
sample. Some 1nv@étigatmra have reported values based
on the analysis of two or three or even only one apple,
whlle others may use as many &s twenty for the analytical
sample, Very few take intc account tree differences, and

no record has been found of any attempt to formulste =



sample representing the frult of a group of trees as has
been done herelin.

Varistion may also reflect analytical proceédures. Pre-
cautions must be observed to prevent losses during the ex-
traction of the vitamin from the tissue., The recent intro=-
duetion of the Wering Blendor has eliminated many errors
from thls source. However, it has not yet been adopted by
all workers. The method of analysis employed may affect
results also. Titration with indophenol dye, for example,
while popular, 1s frauvght with many possible sources of
error. Factors suoh as the presence of interfering subw
stances, acldlty of medlum, end rapidity of titration all
affect the end polnt, and must be controlled rigidly.
Again, certaln investigators, recognising the nonwspeci~
fiaity of the indophenol titration, have sought to reduce
the effect of other reduclng substances by some modiflca=
tion of the methode

It is lmpossible to drew any conclusions in regard
to differences in the concentration of vitamin C in a
single spple variety ae long as the data reported by dife
ferent investigators contain & number of variables. It
might well be that a large part of the variation noted
would disappear 1f the procedure used by the different

snalysts could be standardligzed to eliminete certain of the



-l B

factors mentioned abave which are known to affect the cone

centration of ascorblc acld in apples.

DIBCUSSION

Instead of regarding apples in general as a poor
source of wvitamin C in the dlet, varletsl differences in
the conecentration of aaacrbiﬁ acid in apples should be
recognizeds. Although it 18 true that most apple variee
ties commonly grown and used in this country are not high
in ascorbic acid, there are several which are comparable
to the tomato in this respect., The Willow Twig, which the
present investigator found to be consistently high In
vitamin C, 1s an important commercial variety in the
states af Illinois, Iowa, Nebraska, Kansas, Missouri, and |
Oklahoma, A recent survey in Calhoun County, Illinols,
where Willow Twig ls éxﬁanmivaly'grawn, indicated that
this variety and the Red Willow continue to be popular
with apple growers, Willow Twigs, in Calhoun County, rank
second In the number of trees, and arﬂ second to Jonathan.
The Willow Twig is highly esteemed by the bakery and
raétnurant trade of midwestern cities for the making of
apple piles In its normal market season (April, Mey, and

June) it usually surpesses in quality and market velue any
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other midwestern varlety offered on the markaﬁs.

The fact that an apple as rich in ascorbic acid as
the Willow Twlg 18 widely grown in the Midwest l1s of ime
portance from the standpoint of the possibility of this
apple contributing & share of the dally requirement of
vitamin C to the diet., Two medlium-sized Willow Twig
apples would supply an sdult with at least one~half of
his requirement for the day. Additional varietles high
in ascorble acid might eventually be grown in Iowa if
horticulturists become interested in improving the nutri-
tional quality of the frult., It would seem that a breed-
ing program with the object of 1ﬁ@r«aaing the vitamin C
valus of apples could well be inltiated, HNutritionists
are cognizant of the expense and time involved ln the
breeding of frult trees, not to mention the problem of
educating the public to use other than the old standard
varieties, Inasmuch as the generation process in tree
frults is slow, Dove and Murphyitlﬁae) tried to discover
a mathod of testing seedlings to get an indication of the
approximata sscorbic acld content of the apples long be-
fore the trees would bear fruit. They found that the
ascorblc acld content of the leaves of McIntosh and
Northern 8py trees was related to the wvitamin C content of

the apples. These investligators suggested that & great
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deal of time could be saved by selecting seedlings to be
grown to treesa, other thinga being equal, on the basls
of the concentration of the ascorbic acid in their leaves.
Hew varieties of applea high in ascorblec acild are
for the future. At the present, advantage should be
taken of the apples rich in vitamin ¢ which are now
available, Inasmuch as no effort has been made as yet
to inform the public of the findings of the present ine-
veatigation, it is worthy of note that consumers in the
locallty of Ames already have been asking grocers for
Willow Twig apples, "the variety high in vitamin ¢C".
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STABILITY OF VITA%IHQ%Q;E;APPg&&ﬁgﬁg@g VARIOUS

In the previaua’aaatibn of this treatise, the con~
centration of vitamin ¢ in several varietlies of apples
was investligated in the freahly picked fruit. Inasmuch
a8 more apples are nonsnm@d'aftar being #tarad for vary=
ing periods, it is importent to know somethlng about the
vitamin ¢ content of stored apples. The present investlw
gation included & study of the atabllity of the ascorbice
acid in apples during storage.

Samples of apples for analysis were formulated
sccording to the procedure recommended in the section
deeling with the formulatlon of an adequate sample of
apples for snalysls, It has been shown that nanﬁles made
‘up in this-manner were uniform in ascorble acid content,
It may be assumed, then, that all the samples of any one
variety when placed in storage contained the same con=
centration of ascorbic acid as the sample of that varlety
which was analyzed on the plcking date. Differsnces in
vitamin ¢ content between the "pioking date® sample and
stored samples analyzed subseguently were, therefore,
ascribed to storage treatment.

Every sample of apples used for the determination of



-B8e

vitamin ¢ content had a "twin", These duplicate samples
were used for the determination of other physlologlcsal
changes that sccompany ripening and result from storage
treatments. The indlcés, hardnesa, ground color, flavor,
and texture were used as measuring unlts of ripening.
These studles were carried out under the supervision of
Hs He Plagge of the Pomology Subsection of the Iowa
Agrilcultural Experiment Statlon.s

The ground color of the frult waes compsred with e
standard color chart developed by Plagge (unpublished
modification and enlargemsnt of ground color chart by
Plagge, Maney, and CGerhardt, 1926). The stages in ground
color range from full green through variocus yellow-greens
to & yellow-orange. The stages are designated by numbers,
starting with the very greensst color as number one, and
ending with the yellow-orange as number eight. The stage
of ground color of each sample 1s recorded in tables
given in thia section.

The improved Magness and Taylor fruit pressuvre
tester described by Haller (1941l) was used for measuring
the hardness of tbé apples. The results of the tests
were sxpressed in pounds of pressure, The test was made

on {(amall) peeled portions of fruits to eliminate the

#inhe author appreciates the cooperation of
Drs Plagge in ellowing her to use these data.
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factor of relative tenderness or toughness of the skin.
Three tests, spaced equlidlistantly along the fruli's sure
face, were made on each epple. The means of the 60 tests
thus carried out on each sample of 20 apples are recorded
in the tables below. ,

The third index of ripening wes the flavor and texs-
ture of the frult determined orgenoleptically. B8tages of
ripeness wore expressed in terms of numbers ranging from
oneé to fours Number one indicates mature frult s on the
picking date (but not ripé enough to eat); number two,
frult that is prime eating or vripe; end number three,
fruit that is postprime or overripe. The réaults of the
organcleptic tests are listed in the columns headed
éﬁagr&a of ripeness" in tebles presented in thls seotion.

When the ssamples were taken out of storage for
analysis, they were oxemined for apple seald, soggy
breakdown, mealy breakdown, and other functional diseases,
a8 well as for storage rota. AlL apples were in good
condltion when removed from storage, with no evidence
of the disorders mentioned sbove.

The stablllity of vitamin € in nine varietles of
apples was studled. All %the apples used in 1943-44 were
obtained from tﬁa station orchard at Ames, In 1944,

however, Lhere were no apples ln this orchard, end the
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samples were obtained from commercial orchards in Towa and
Illinolias The apples were tested for vitamin C on the
seme dey they were plcked in 1943, Some brief delays were
ineviteble the following year, but analyses were carrled
out as soon after the samples were picked as possible,
~In all cases but two, the samples were analyzed within
three days of the pleking date. Five of the samples
(Jonathan, Golden Delicious, Stayman Wineasap, Turiay, and
Starking) were placed in storage at 329 F. on the pleking
date. Inasmuch as data obtalned in 1943 indicated that
there was no loas of vitamin C in epples stored at 329 F.
for two or three days after picking, the first sample of
sach variaty*analyzed probably contalned approximately
the same concentration of vitamin ¢ as 1t did on the pick-
ing date, |

The apple varietlies studled are llsted below {table
17), along with the sources, pleking dates, and dates of
analysis of the freshly plcked apples.

EFFECT OF 8TORAGE AT ROOM TEMPERATURE
Ol THE ASCORBIC ACID QONTENT OF APPLES
Bamples of Jonathan eand Golden Dellclous spples were
analyzed for ascorble acid when picked. Two comparable

samples of each variety were held at 65-700 ¥, and
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Table 17

vVarieties of apples used Iin the study of the stability
of vitamin C during storage, with source, plecking date,
end date of first vitamin C anslysls of each

Variety Year Date Date Source
»hpiekad analyzed 7
oet.  Oct.
Edgewood 1943 15 15 Ames, Iowa
Golden Delicious 1944 8 10 Mitchellville,
Towa
Jonathan 1943 2 Ames, Iowa
Jonathan 1944 4 7 Mitchellville,
Towa
Red Rome 1944 186 20 Patterson,

‘ Illinois
Starking 1944 6 7 Mitehellville,
. Towa
Stayman Winesap 1944 21 2% Mitehellville,

Iowa
Turley 1944 9 11 Mitchellville,
Iowa
Willow Twig 1943 14 14 Ameg, Iowe
Willow Twig 1944 18 22 Patterson,
. A Illinols
Winter Banans 1944 1 14 Manchester,
Towa

anslyzed when the prime and postprime stages of ripeness
" had been reached., The results of the anslyses are given
in table 18. |
The data show thet at room temperature the frult
ripens to the prime eating stage very rapidly, and that
& large percentage~-approximetely 75 per cente-of the

ascorbiec aclid 18 lost in s few weeks,



v
Table 18

Ascorbic scid and water content, and stage of ripeness of apples when freshly
pleked and after storage at 65~70° F.

Variety " Time in Conc. of Ascorbic Water Hardness 'ﬁﬁags in Bagreé
storage ascorbic acigd COnw ground of ripe-
NS 08 B e SOROT TS5
, days & % pounds ‘
pressure
Jonathan o 0 - 84,17 17.87 3 1.3
o is ; 80 84.38 13.30 B 2.7
1 7 58 84,40 10,73 7 33
Golden o o 7 - 85,14  15.01 2 1.0
Delicious © 14 ~ 76 B6.79 D441 6 2.7
) 3 3 1.3 83 86,158 B.04 6 3.7

x—g R
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EFFECT OF COMMON STORAGE ON THE ASCORBIC ACID CONTENT
OF APPLES

Samples of Jonathan end Willow Twig apples were placed
in an alr~cooled or common storage room having s temperae-
ture range of 35«60° F, Samples were anslyzed when they
became prime and postprime in ripeness. The data Obw |
tained nrs'racb?ﬁad in table 19,

Comparison of the ahangas'in the two varieties studied
shows that the Jonathan apples were postprime after being
held about three and one~half months in cormmon storage,
whereas the Willow Twig epples were still prime after
four months of storage. In contrast to the Jonathan, the
Willow Twig upples lost no ascorbiec acid during the store
age period.

EPFECT OF DEFERRING STORAGE ON THE ASCORBIC ACID CONTENT
OF JOBATHAN ﬁ??ﬁ&&y

Three samples of Jonethan apples were used to de-
termine the effect of deferred storsge on the concentrae
tion of ascorbic acid., One sample was analyzed on the
pleking date and the other two were placed in storage at
60=556° F, After 23 days, the apples had reached the prime
eating stage. One of the samples was analyzed for ascope

bic acld content and the other was transferred to a
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ka%ﬁ in Apples at Regular
fhe Storage Period

Ten samples of Jonathan apples were bbtained for the

&

study of changes in ascorbic scld content during cold
storage, One sample was analyzed on the plcking dates
two were analyzed two days later; snd the remalning seven,
at monthly intervals, The data are presented in table 21l.

Jonathan apples stored at 32° P, for seven months
contained less than one-half of the ascorble acid present
on the piecking date. It should be noted that the greatest
decrease occurred during the first month of storage.

More than one-third of the ascorbic secld originally
present was lost by November l. The ssmples analyzed
after only two days of storage, however, contained ap~
proximately the same concentration of ascorble acld as
they bad when freshly picked. It would be interesting to
analyze samples évery few days throughout the first
month of storage to determine whether the drop in cone
centration of ascorble secid 18 gradual or sudden.

The epples were in prime condition (degree of ripe-
ness, 2 to 2.,7) when they had been in cold storage fop
three to four months and had lost 60 per cent of the
ascorbie acid originelly present.

The ascorbic acid content of Willow Twig apples was
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determined on the picking date, after two days in cold
storage, and at six weeks Iinteprvels throughout the stopr-
age season, The results of the tests are given in. |
table 2%. ,

In contrast to the large losa of ascorble acid which
was noted in the Jonathan apples, there was no decrease
in the c¢oncentration of ascorble acld In Willow Twig
gpples storsd at 32° F. for as long as seven months. In
fact, a syntheals of the vitamin seemed to occur a&s the
atorage period progressed,

Willow Twig apples ﬁ&rﬂ subjected to the same store~
age tremtment the following seeson. The data (table 23)
again showed that there was as much ascorbie acid in
Wlllow Twlg apples at the end of a seven months storage
period as on the plcking date. The apparent synthesis
agalin occurred.

‘ In flgure 6 the changes in sscorbic acld content,
hardness, and degree of ripeness in the Jonathen and
Willow Twig are shown graphlically. The apples become

sof ter as they ripen. The laYge drop in ascorbic acid
content in the Jonathan is not accompanied by a sudden
change in hardness nor ripeness of the frult. There
appears to be no definite velatlonshlp between the changes

in ascorbic acld content and the physiological
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Hardness , lbs. pressure

ness in Willow Twig and Jonathan apples held in cold storage ot 32°F

=2 p—28
b= /8 Q 25 3
i & b—24
s O, 2
b 15 & pe22 S
L o —_— Willow Twig 1]
Q
1S
Q
Q :
o ascorbic ocid
E — — — hardness
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Fig.6 Changes in ascorbic oc/d content, hardness, ond degree of ripe-

Degree of ripeness
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characteristics studled. The greatest ochange in the
concentration of vitamin ¢ seems to take place before
the physiologleal alterations socur.

 Information concerning ahangﬁﬂ in concentration of
sscorble seld in aﬁﬁnw»vurigtiﬁu;af apples was dauirnblu;
It was impossible, however, with the laboratory faeili-
ties and peraonnel avu&xabl#,‘tavrwizww kh@ changes at |
monthly or sixewsekly intervals, Jonathan spples,
@hﬁ»ﬂf@»#,,aud six idﬁiniaﬁnl varieties were analyzed in
1944-45 at.thmwwlttagﬂa of ripenesa: (1) at maturity,
{2) at the prime eating stage, and (3) at the pé&tprimm
stage. These data are given in table 24, those relating
to Willow Twig, in table 28, ‘

All of the varietiea atwmaﬁ a% 32“ exmept the
willaw Twlg, conbained leua ascorbio aﬁ&ﬁ whan prime than
mhan they ware ploked, Eh& p@r&&nﬁgg& of the vitamin laat,
however, varied from one variety to snother. For example,
the Jauqﬁhaﬁ and Winter Banans apples both remched the
‘prime a#ﬁing #taga im.nbwu% kwa’anﬁ,ﬁnﬁmha;r months .
?hn Jannthan had &aa&hwowﬁhirﬁm of the aa&arbia,aciﬁ
nraaﬁnt on the plcking date, whersas the Winter Benana



Table 24

Ascorbie acid and water content, and stage of ripeness of apples when freshly
picked and after storage at 32° F.

“Variety  Time in Conc. of Ascorbic wWater Hardness Ootagé in Degree
storage ascorbic acid COnw ground of ripe=-
23 X AT <. -5 TS 7. "SR Solor o ness

el ———
Eifte pressurs

Jonathan O 0 6.8 — 84,17  17.87 3 1.3
2 12 2.3 66 86,02 15.41 5 2.0
é ig 5;9 5‘6 8*36& lii *825 6 2.3-‘%

Edgewood 0 o 9.0 - 85.32 18,37 3 1.0
3 5 4.5 50 85,38 15,51 4 2,3
5 0 2.8 6 85,66  12.77 5 3.0

Golden ) 0 7.2 - 85,14  15.01 2 1.0

Delicious 2 8 4.1 43 86.66  11.59 4 2,0
5 23 3.9 46 8659 9,65 5 3.0
1 23 4.8 16 86,75  16.72 4 2,0
4 1 4.1 24 86,75 14,42 4 2,74
2 26 2.8 47 85428  14.52 4 2.0
6 25 2.1 61 £86.22 13,17 8 3.0

#Not postprime Continued on next page

1.-»96-
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had lost only nine per cents The Stayman Winesap snd
Turley apples became prime after storage at 32° F, for
four months, with losses of ascorble acld content of &7
and 27 per cent, respectively., There were also large
difraranaas in the percentsge of sscorble acid lost in
different wvarietles when the postprime stage of ripeness
was reached., The Winter Banana had lost only 19 per
cent of the ascorblc acid present when freshly plcked,
while the Edgewcod showed & loss of 68 per cent.

The sffect of storage on the aaaorbic acid eontent
of apples seems to depend not only on the storage period
and temperature, but also on inherent varietal chapr=

acteriatlics.

DISCUBSION AND SUMMARY

In 1944, Fish, Dustman, and Marsh reported results
of storage studies of apples grown in West Virginla,
Wealthy and Mcintosh apples were analyzed on the plcking
date and after storage at 3° and 20° C. for 4, 8, 15,
and 30 dsys. Losses of sscorbic acld uaeﬁfred more
rapldly and were grester in the samples stored at the
higher temperature. Jonsthan apples analyzed on the
pleking date and after 3 days storsge at 3° C. showed a
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17 per cent loss of ascorblc acid, and after 24 days, a
Bl per cent loss. In the present study, freshly picked
Jonathan apples stored at 32° P, for two days had lost
approximately 2 per cent, and after 30 deys at the same
temperature, 41 per cent of the ascorbic acid present on
the picking date.

West and Zilva (1544) reperted that vitemin C wes
synthesized in stored Bramiey's Seedling apples. The
frult upon which this eﬁaawv&tia& was bmsed, however, was
plcked in July and August, long before it had reached
pieking maturity, and the data, therefore, are not com-
parable to those reported hersin. Apples of the size and
lmmaturity used in the English study have no prectical
value, as they cannot ripen sufficlently in storage to be
used as food. )

Johansson in Sweden (19359} found that the Bramley
contained approximately two-thirds s: much vitamin C
after six months storage at 2+4° ¢. as when freshly picked.
The same investigator reported that the agscordble scid in
the White Winter Calville, an apple variety high in vitamin
¢ (B0 mg. per 100 gm.) eppeared to be relatively stable
during storasge. _

In 1942, Keys in New Zealand studled the effect éf

storage on the concentration of ascorbic scid in apples.



102w

Sturmer apples contalning 20 mg. of ascorble acid per 100
gme were heid in cold storage for eight months with no
loas of the vitamin.

The suthor belleves that it is important to report
the stage of ripeness of the frult at each snalysis, as
well as the period of time it has been held in storage,
inasmich as all varleties do not ripen at the same rate,
From & practical standpoint, it 1s more interesting to
knaﬁ the concentration of ascorble acld in different
varieties of epples at the prime and postprime eating
stages than after arbltrary perlods of storage. In table
26, the concentrations of sscorble meid in different
’ variati&gubfraypleu (subjected to different storage
treatm@nﬁs) at three stages of ripeness are glven.

In general, the samples held at room temperature,
in common storage, or ln deferred storage contained less
ascorble acld at a given stage of ripensss than come
paraﬁls sanples of the same variety held in cold storage.
In those varletles in which cénaiﬁarable loaaaa.of
vitamin ¢ occurred, the change took place in the early
- weeks of the storage perlod, 1.8., before the prime eat-
ing stage was reached., Data presented by Murneek (1943)
based on baa&ad values of five varleties of apples show
the same trend in respect to losaes of vitamin C during

the storage periode.
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The relative stabllity of the vitamin in three varle-
ties should be noted, 1l.8., W&ilaw Twlg, Turley, and
Winter Banana. The three experiments with the Willow
‘Twig indicate that not only the apparent retention of the
vitemin, but its synthesis during storage 1s real. This
observation is supported by date presented in a later
ssction, showing that Willow Twig apples at maturity cone
taln little dehydrosscorblie acid, and when postprime,
negligible quantitles of non-specific reducing materisls.

The discovery that the Willow Twlg apple 1is high in
ascorbic acld, and that it contalns ss much of the vitaw
min at the prime and postprime stages as on the picking
date, whether held in cold or common storage, has fare
reaching significance, The Willow Twig bes long been
known to apple growers and to horticulturists as a variety
of apple which has & long storage life. It ripens slowly
in storage, reasching and sustaining the prime stage at
approximately the time (Merch through May) that moat
verieties are becoming évarripa anﬁ are no longer mar-
ketable. The Willow Twig is the only variety graﬁn 80X~
tensively in the Mldwest which is still in good condition
in late spring and early summer, It is, therefore, a
potential source of vitamin ¢ during most of the months
of the year,
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DEHYDROASGORBIC ACID LN APPLES

The studies reported thus far in the present investi=
gation have been concerned only wiﬁh‘th» conceutration of
the reduced form of ascorblic scld in apples. The oxidized
form, dehydroascorblc acid, also 1s physiologically sctive
{Gould and Shwachman, 1943), buﬁ 18 not detested by the
chemicsl method for the determination of ascorbie acid ine
volving thﬂ reduction of indophenol dye. The dehydro=
f‘asaorhiu aﬁxﬁ present in certaln of the freshly ploked
~ samples analyzed for asmar%ia geid was determined by the
Ros and Kuether method (deseribed in the sectlon on methods).
‘The concentration of dehydrosscorble acid in the samples
anelyzed (table 26) ranged from 0.80 to 1.50 mg. per 100 gm.
mf nbplﬁ tissue, and represented from S.1 to 19,8 per cent
of the total ascorble ascid presenb.

It is interesting that the percentage of the total ascor-
ble acld present in the oxidised form was highest in the
variety loweat in reduced ascorblc acid, smd lowest in the
variety containing tﬁa lergont qnaﬁ%&ﬁy of reduced ascorbie
&siﬁ» It would appesr from the deta obtained that purw
haps the varisties considered as extremely poor
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sources of vitamin C on the basis of reduced sscorble
acld only, may be somewhat higher than has been hitherto
auppaaaa. Eheart (1941) alsoc observed gthat varieties
low in vitamin C contalned & large proportion of the de=
hydro form,

No studies were carried out in the present investlie
gﬁtian of changes in the concentration of dehydroascorbie
acid in apples during storage, Such a project iz now
under way in the laboratory in which the data hereln re~
ported were obtalned. Acquiring suveh information is
important, In fresh tissue, sscorblec acld end dehydro=~
ascorbic acld probably exist in a stete of squilibrium:

escorbie acld —=——— dehydroasscorbic acid
Luring storage, with aging of tisauve, 1t 18 possible that
the resctlion proceeds to the right, with the ultimate
degradation of the unstable dehydrosscorbic acid into

oxidstion products which are not active antiscorbutically,

NON-SPECIFIC REDUCING SUBSTANCES IN APPLES

There is much evidence in the literature that the
chemical method used in the present investigatlion for the
estimation of the concentration of ascorblc mcid in
apples gives results accurately agreeing with the bio-

logical estimation of ascorble acid in common foodatuffa,
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In & few exceptional instances, however, interference
from n@nwapeeific reducing substances has been noted
(Herris, 1933).

Some of the apple samples analyzéd in the present
atuﬁy‘ware.tested by the method developed by Mapson
(1943b) for the presence of substances other than ascor=
bic scld which also have the property of reducing the
indophenol dye. The principles on which the method 1ias
based are cited in the section, "EVALUATION OF CHEMICAL
PROCEDURES ADOPIED", where the description of the pro=-

cedure also is given.

Curves obtalned when solutions of pure ascorbic
acid, glucnwraduatana, and = mixxmre of asaorbia scld
and gluco-reductone were analyzed by this mathad are
shown in figure 2., The curve 1llustrating the reaction
of & standard solution of ascorbic acid with 8 per cent
formaldeliyde at a pH of 2.0 ahswa:that & correction factor
of one scale division should be applied to experimental
data. Also, the phéta@l&atrie colorimeter used in the
enalysis 1s accurate only to one scale division. Each
of the four subesamples which made up the sample of apples
for analysis was tested for the presence of reductones,
The curves shown in figure 7 represent the average of the
four values for each varlety snalyged. A curve, represent-

ing an "unknown", with an extrapclated value of
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Photoelectric colorimeter scole divisions

Jonathan
pre-prime
Sfreshly picked
Oct.o, 1945

Grimes Golden
pre- prime
Sept. 27, 1945

Winesap
pre-prime
Oct. 24 , 1945

Huntsman’s Favorite
pre-prime
Oct. 16, 1945

King David
pre-prime
Oct.15, 1945

l | l |

Arkansas (Black Twig)
pre-prime
Oct. 22,1945

Fig. 7. Reaction of reducing materiols

continued
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in opples with 8 percent formaoldehyde at pH 2.0
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epproximately one scale diviﬁibn would be interpreted
as arising from s solutlon containing no reductones. On
the basis of thls reasonling, the values reported for the
aancentrahian~af sscorble aeld in thﬂ Willow Twig and
Arkensas (Blesck Twig) varieties represent largely true
ascorbic acld, and are not discolored by the simul-
taneous occurrence of non-specific reducing substances,
Again, the Willow Twlg proved en interesting variety.
Not only is it exceptionally high in ascorbic acid, but
this sscorbic acid is stable during a long éearaga period,
and no non-specific reducing materials develop during
storage. The shape of the curve when aaﬁa'abtainaa in
the ahalya&a of a sample stored for seven months are
plotted (figure 7) is aslmost identical to the one repre-
senting a standerd sscorbic acid solubtion {figure 2).
Several other varieties of apples were tested for
the presence of reductones when freshly piclked. Curves
in figure 7 indlcate that all varisties contain traces
of non~specific reducing substances. Due to low values
for total reducing materials, the quantity of reductones,
in general, was equivalent teo approximately 10 to 25 per
cent of the total reducing substance. The concentration
of reductones apparently ia highest in the Huntsman's

Favorite where 1t seems to be squivalent in reducing value
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to 144 mg. of ascorbic acid per 100 gm. of fresh tissue.
The truve ascorble acld content of the apples, therefore,
falla from 5.6 to 4.2 mge per cent.

Studies on stored apples are belng extended at the

present time by other workera in the laboratory.

SUMMARY

The resulta of studles reported in this section
indicate that for an accurate estimstion of the potential
nutritive value of apples in respect to vitemin C, meas-
urements should inclndeasscorbic aecid, &anyﬂroascorﬁlc
acid, and reductones, In certain varieties, such as the
Willow Twlg and Arkansas, there sappears to be no need to
distingulsh the character of raﬂﬁaing substances present,
inesmuch as no iadicatiog has been found of the presence
of non=specific reducing materisls. The apparent oone
centrations of escorble acld and dehydroascorble acld,
therefore, are & true measure of the nutritive value of
these apples. In other varieties, however, some of the
raduaing substances heretofore thought to be viteamin C
may be reductones, and the true vitamin content is some=
what lower than the ascorblc scid analyses indicate., The

data are agmmariaad in table 27.
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Table 27

Concentrations (mg. per 100 gms of fresh tissue) of
ascorblc acid, reductones, and dehydroascorbiec acld in
several varistles of appkea when Ireshly plcked

“Variety Tonc., of Gonce OF Goncs of Concs of
gscorble yedugs  dehydro« true
acld tones ascorble vitamin ¢
acid
Arkansas Ba7 Gel 1.2 6.8
Huntsman's 648 Le4d 1.1 5.5
Pavorite ; ;
Jﬂmtmn 7.3 Qbﬁ 100 ‘ 7ed
King David 6aZ 1.0 0.9 6.2
Red Willow 2243 1.1 1.8 22.4
White Winter B2 Q46 0.8 Sed
Pearmain
Willow Twig 19.8 ¢ Y 1.5 20.1
Winesap 6.4 D7 1.2 6.9

It is interesting that in eslmost every instance, the
concentration of true sntiscorbutic material is prece-
tioally the same as the concentration of reduced ascorblc
aclds The correction for reducing substances other than
ascorble secid is balanced by the small quantities of de-

hydroascorblc acld present.



wllb-

DETERMINATION OF THE AvaznaaxnxTy OF ASCORBIC AGID
T IN APPLES

The avaeilability of the reduced ascorblc acid in
apples to humen beings was measured by the incresase of
blmo&‘plaama aacorble acld after ingestlon of the frult,
‘Todhunter, Robbins, and MeIntosh (1942), having studled
the rate of incresse in the concentration of plasma
agscorble acld after the ingestion of the pure vitamin,
reported thaet ascorbic acld ingested was quickly re-
flected by an increasse in plasma asscorble acid, A test
based on thls observatlion was developed and used to
estimate the aveilabllity of ascorbic aclid in orange
Juice, orange sections, strawberries, and raw caulie
flower (Todhunter, Robbins, and MeIntosh, 1942). 1In
1945, Hauck studled the avallability of vitamin ¢ in
cabbage using the plan proposed by Todhunter. The pate
tern established by Hauck was fﬁllqwsd in the investigee
tion herein reported, The procedure used for colletting
the blood and for determining the plasma ascorbic acid
content 18 described in the section, "EVALUATION OF
CHEMICAL PROCEDURES ALOPTED",
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EXPERIMENTAL PERIODS

The study, conducted in May and June of 1945, con~
sisted of three experimental perlods of three days each.

Period I

Period I was designed to glve a plcture of natural
variations in the concentration of ascorbic acid in blood
plasma when the subjects were ésaanhially in a fasting
state as far as ascorbic acid was concerned. The fasting
level of plasma ascorble acld was determined every day
that the aubj&cﬁ participated in the experiment. Immedle
ately after the fasting sample of blood was taken, the
subject ate a standard vitemin C«free breakfast consiste
ing of three small slices of whole wheat bread toasted,
10 gm of butngr, and one cup of black coffee. The sube
jects ate no other food during the course of the morning.
Additionalblood samples were taken one, two, three, and

}our hours from the time the subject started to eat.
Period IT

In Period II, the effect of the ingestion of the
pure vitamin on the content of plasma ascorbic acld was
studlied. During this period, the subjects recelved a
tablet containing 50 mg. of pure ascorbic aseid (Merck)
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with the viﬁamin C«fres breskfast. PBlood samples wers
taken every half~hour for the four hours following the

meal to establish an sbsorption curve.

Period III

In period III, the 50 mg. of ascorblc acld given In
period II as a supplement té the standard vitamin C-free
breakfast was replaced by an equivalent amount of ascor-
bie acid in the form of apple tissue, Willow Twlg apples
were used because they were higher in vitamin C then any
other variety avallable, An absorptlon curve agalin was
obtained based on blood analyses at one«half hour inter-
vala, |

As a check on how well the apples were digested,
'feeal collections were made during thls period. Each |
subject was given carmine (elither suspended in water or
as 2 cupsule) to mark the food eaten at the test meal.
As long as nﬁrm&n& was excreted, stools were collected
in waxed cartons. The collections were washed with tap

water and the quantity of residue examined and weighed.

DETERMINATION OF THE CONCENTRATION OF ABCORBIC
ACID IR THE APPLES FED

The procedure described below was used to estimate

the concentretion of ascorbic acid in the apples consumed
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by the subjects,

Five boxes of Willow Twlg applea were obtained for
use in the study and stored at 32° F. Four groups of
five apples, eaech eom@eaad of one apple from each of the
five boxes, were analyzed as composites. This procedure
was repeated at four intervals during the investigation.
The concentration of ascorbic acld was calculated, and
the mean of the 16 analyses was used in determining the
quantity of apple to be ingested that would provide 50
mge of ascorblc acld, The results of the analysea are

presented in table 28,

Table 28

Concentration of ascorbic acid (mg. per 100 gm.)
in Willow Twlg apples fed to subjects

Semple - Sub~sample - Average
numbeyr A B ‘ ‘ D
1 21.50 20,51 20,73 17 .37 20,03
2 20,53 21,97 2177 18.74 20,78
3 17.53 2) .38 19.48 21444 19.96
4 19,99 22.20 20.33 22.88 21.35

Mean of all 20,62

In analyeing individual apples in experiment I of
the sampling study, the investigator noted considerable
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variation in the concentration of ascorble acld from
apple to apple. To reduce the possibllity of widely dife
ferent amounts of ascorble acid belng present in the
quantity of apple prescribed for consumption, the followe
ing plen for eating the apples was adopted. Each subject
was glven five apples, one from each of the five boxes

on which the ascorbic ecid analysis was based, and in~
structed to eat a wedge-shaped section of approximately
50 gm. from esch apple. She was supplied with a dletetic
scale on which she weighed the whole apple, and the por-
tion remaining after a wedge h@d been eaten, In the 260
gme portion derived from the five apples, there were
approximately 50 mg. of ascorbic acid. Subjects became

_ adept in judging the size of the portions that would
yield 250 gm. |

SUBJECTS

S8ix healthy women, sll graduate students in nubtri-
tion, served as subjects in the experiment. Information
regarding their age, welght, and height 1s recorded in
teble 29. Ko one participated during her menstrual period
or when suffering from a colds All of the subjects were
engaged in part or full time laboratory work. No attempt

was made to control the sctivities nor the dlets of the
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Table 29
Age, height, snd welght of subjects

Subject  Age  Height  Welght
R
e 25 67 125
Dok, 24 g3 141
M.H. 253 62 120
MoK, 26 65 175
M. N, 27 64 140
WoW. 25 &7 171

subjects. Records were kept, however, of actlvity and
of food consumed on each day preceding a test day. The
approximate quantities of the ascorbic acid in the diets
of the subjects was estimated from food composition
tables, The records of food consumption submitted indie
cated that, on the average, all subjects recelived dlets
adequate in vitemin C, when compared with the 75 mg. per
aay recommended by the Natlonal Research Council as the

dalily allowance.

RESULIS AND DISCUSSION

Indlividual plessma ascorblic acid values representing
each subject in each phase of the experiment are listed

in the Appendlx. Data representing the average responses
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of each subject during the three yariods of the experie
ment are given In tabls 30. The aversgs concentrations
of ascorbic acid in the plasma of the six subjects before
the ingestlon of breakfast were 0.81, 0.60, 0,47, 0.61,
061, and 0.46, These values are all within the normal
range that follows the consumption of a dlet adequate in
vitamin Cs Four of the subjects had been studled by
Hauok (1945) during the previous winter season. It is
interesting that the average fasting levels reported by
this investigator were considersbly lower than those de~
termined in the present study. The difference may be an
example of seasonal variabtion in plesma ascorble acld
values.

Graphical representations of each subject's daily
responze to the Iingeatlion of the standard vitamin C=free
meal sre shown in figure 8. It may be seen that the day
by dey dsta for each subject vary considerably, Causes
for the irregularities probably should be investigated.
The author belleves that some of ??” variation probably
18 attributeble to the activlity of the subject durlng the
hours of the test. It is unfortunate that no record wes
kept of this sctivity. If an experiment aimilar to the
present one were carried out in which the activity of the
subjects could be controlled, the varlation might be
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Table 30

Average concentration (mg. per cent) of ascorbie scid in
plasma at intervaels in experimental perliods I, II, and
III in six aﬁﬁgwu

Period M»ﬁﬁ wﬁwuaaau Av,
n .
hra. A.d. Hw._.ﬁt &awmv HeKse HMuN. WV,

I O 0,76 0.49 0.43 0.53 0,65 0.48 0.54
({no 1 De78 044D Oudl 0459 0,89 0.46 0.54
ascorble 2 0,76 0.50 0«81 0,56 0.65 0.51 0,588
ncid) 3 OeTB 0s58 0446 0,87 087 042 0,57

4 077 0ud3 038 0448 0.81 0.40 0.51

I1 0 Q.81 0.71 Q.48 Q»mq_ 0486 0444 Q.83
(50 g e W 073 0.69 Q.48 0,89 0,78 0.58 0.62
erystal- 0.88 0.69 0,69 0.80 0.84 0.60 0,74
iine 3% 1.02 0.79 0470 0,91 1.04 0.80 0,88
ascorbie 2 Q.91 0492 077 0492 w;u.& thm Q.80
soid) 2% 1,086 0eB4 0.81 0.88 1.08 0,78 0.89

3 100 0,73 056 0.80 0.79 0.69 0.77
3% 0.90 0,69 0,60 0,74 0.84 0.68 0.73
ﬁ @t%@ @t@@ @tﬁ& Qbﬁﬁ QQQ& QQ&& Qﬁﬁw
Maximmam :
increase 0.28 D481 0423 0428 0446 0,36

IIL 0 Q488 0461 Q481 0463 0.64 0.47 0.62
{60 ng e W - 0eTB D70 0484 0484 0,81 0.62 0.68
ascorbie 1 0499 0472 0.7 0481 0467 0.66 0,76
acid as uw 1,10 0479 0,74 0476 0,75 0.88 0,83
&vﬁvaw g Q.98 waa @;@w 0«87 0,983 0.79 0,90

3 0.98 @;4# 6:4& Q.81 @tﬁﬁ @.qm 0.72

Bk 0481 0.60 0488 0.64 0.70 0.62 0,68

4 Q.78 070 0,39 0,84 0,82 0,48 0,80
increase 0,38 0.38 0«4l 089 0O.44

Cu224

“#0 time represents fasting 1evel
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reduced. However, when the range of the devliation within
a day is calculated, the plesma ascorbic acid on the
average varles approximetely 0,15 mg. per cent., Hauck's
subjects showed a varlation of 0.13 mg. per cent, This,
therefore, seems to be the physiologleal varilation that
may be expected.

When aversage curves are complled for each subject
(note the solid lines in figure 11}, the curves assume
& ressonable uniformity as to shape. The curve repre-
senting the average plasma ascorbic mcid values of all
subjecta (figure 12) during the course of the morning
after the ingestion of & vitamln C~free breakfast 1s
strikingly like the curve recorded by Heuck. The base
line, so important in this type of experiment, therefore,
seema to be falrly well established.

The day by day responses of all subjects to the ade
aition of 50 mg. of crystalline ascorbic acid to the
standard meal are shown in figure 9. When ascorbic acid
was consumed with the breaskfast, there was a rise in
plasma ascorbic reid detectable in some caszses in the
blood taken one~hall hour after the subject started to
eat, but usually not definite until the one~hour sample
wag analygeds The highest peak was most often reached at

the two or two and one~half hour interval. Variation in
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individual dey by day curves again look erratic on first
inspection., It must be borne in mind, however, that the
quantity of ascorblie acid mctually determined in the
gnalysls is extremely small {0.,0003 mg. to 0.001 mg.)

and that in cealeulating the mg. of asecorblc acid per 100
mle of plagma, this figure is multiplied by 1000. An
error, then, in which sn extra 0,00056 ml. of dye was used
in the titretion, for example, would cause the estimete
of ascorble acld to be O¢G@kmg. per 100 ml, of plasma

too high.

Ot the whole, 2 rise and drop in plasma ascorbic
gcid is evident subsequent to ingestion of the vitamin,
Irregulari%ias more or less disappear when the average
response is plotted (figure 1l). 'The effect of the in-
gestion of the ascorble acld 1s distinet and assumes a
typlcal absorption psttern.

The curves drawn from the data obtained in perlod
111 (figure 10), when the subjects were ingesting ascor-
bic scid es apple, again seem irregular. However, it
should be noted that the curves representing the average
response of each subjesct (figure 1l1) during the three«
day spple period follow the general contour of thoae for
period II in which eryatalline ascorbic acld was givan.

The curvee representing the changes in sscorblc acid in
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the bleod of De E. afbaf the ingestion of pure ascorble
acid and of apple are practically i&antieai. Subject
M., H. seemed to absorb the éryatallin& ascorbic acid
better than that from the apples. The response of the
remaining four subjects, A. A., Ms Hey Mo Ko, and W. W,
was substantially the same to mscorblc acid in apple as
to the pure vitamin.

The average response of all subjects in sll periods
is shown in figure 1l2. The curves corresponding to the
periods in which escorbic acld was ingested as the cryse
talline substence and as apple are aﬁrikingly similar,

Exemination of the residues remaining after thorough
washing of the stools indlcated that the apple was, in
all cases, completely digested. There is reasonable
certainty, then, that the Iincreases n@t@d represent the

response of the subjects to 50 mg. of food ascorble acld.

SUMMARY

The data herein presented show that the ascorbic
- aeld in the Willow Twig apple is as resdily and effectively
absorbed by the human being as is an equivalent amount

of crystalline ascorble acid.
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SUMMARY AND CONCLUSIONS

In the investigation hﬂraiﬁ reported, and attempt has
been made to ﬁétavmina the true nutritive value of the
mldwes tern éﬁpla.aa«a éiataryvéeuraefof vitemin C.

Before any of the contemple ted studies could be made,
1t was necessery to arrive at some decizlon as to what
represented an adaquaté sample af gyplea'far‘tha ékﬁimau
tion of mean sscorble aeld content. A felrly compre~
hensive étudy of the problem waa nade, reaﬁl@s of which
arnvineerporatéﬁ in the present report. 7The great dif-
ferense in the concentration of vitamin ¢ of individual
appls 8 teken from the same itree snd the even greater
differences in the asa@r%iakaﬁié content of apples pro=
duced by different trees showed the importance of using
a lerge number of apples in & sample and of an eqﬁal
dlstribution within the sample of gpples éariveﬂ from

different trees. In additlion, the apples from any one
| tree had to represent fruit plcked from all sides of
the tree. The difference in the aehaantﬁation of a#aarbia
eeld in apple s frmmvkhs north and the south sides of
trees 1llustrates this points The vitemin C concentrae-
tions of sucq@aaiﬁa‘aamplaa made up of 20 apples

each representing both the north half and the south helf



~181=

of each of ten trees, were not stetistically different
from each other. A good base was thus provided for the
study of the effect of any processing trestment on the
sscorbic acld content of this frult, |

A ocomprehensive study was made of the concentration
of ascorbic seld in different varie tles of apple s when
mature and freshly pleked. &nalyaea of 20 varieties appear
in the pr@&@nt report, The guantity of viteamin C present
wes determined chemliecally with the use of z,&édichleraw
-phenolindophenol, and the amount of dye decolorigzed when
a measured quentity of ssmple reacted with an excess of
dye was determined photoecolorimetrically. The results
obtained show that the concentretion of aseorble aeld in
all varieties of apples studled with the exception of the
Willow Twig and its sport, the Red Willow, is fairly low,
averaging about 6 mg. per cent., The Wlllow Twig, however,
es anelyzed over a perlod of three years, contained quanti-
tles of ascorble aecld renging from 19 to 23 mg. per 100
gm., of tigsue, The dats sesm to Indleate that the cone
centration of ascorblec acid in apples 1s an inherent
varietal cheracteristics, The importance of the Willaﬁ
Telg apple as a source of vitamin € in the dlet 1ls appar~

ents Even varieties less rich in ascorbic reld, due to
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Qunnti%imﬁ consumed by meny groups of people, may conw
tribute a considersble portion of the daily requirement
of this vitemin,.

Beoause app}}a have good keeping quslities, large
quantities are téé@%ﬁ for use during the winter months
 when they become oncof the important frults in the average
dietery. Whether or not apples which have been held in
storage Are a dependables soures of vitamin ¢ has been
studied only in pert heretofore. The relative stadility
of this vitamin in seversl varisties, therefore, was
tested following different storage trestments. The dats
indicate that, in gnu»rum,;hnrﬁ of the sscorble acid
present in the freshly ploked fruit is retained when the
apples sre held at 32% F. than when the storage tempera-
- ture is higher. The stablllty of the ascorbie asid in
apples during storage seems to be determined by the
vav}aﬁy of apple, snd in some csses by the storage treate
ment, The vitamin 0 content of all varieties except the
' wilid* Twig decreases rapldly during the first few weeks
of storags. Thereafter the losses are small. In direct
contrest to other varieties, a significant synthesis of
ascorbie aslid ooours in the Willow Twig during & seven
month storage period,.

Whether analyses made in the chemical 1 boratory
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depliet the actual mutritive value of & food has been
questioned. In the present inatance, the mnalytical
method chosen 18 not sbsolutely specific for ascorble
acid inssmuoh as certain other substances of no nutritive
value also redupse the dye. Purthermore; the method used
measures the reduced sscorblc aeld present, but not the
dehydroascorbie acld, & substance 8lso possessing anti-
soorbutic aetivity. For these ressons, the data ob-
tained were #vglﬂm#aﬁ;im terma of dietary significance.
It was found that smell quantities of dehydrosscorbiec
ecid and traces of reductones may be present in freshly
pioked spplés. In general, howsver, the error introduced
by the redustones seems %@ be offset by the dehydrow
ascorbic acid present, so thet actually the determination
with the indophencl dye gives @ fair approximation of the
true vitamin C valué of the apple. It is very intereat-
ing that reductones sould not be detscted in the Willow
Twig apples even after they had been stored for six
months, This finding 18 in line with the conclusion

that the sseorbic sold in this variety of apple 48 rew
markably stable. 9&%tamzmxﬁiana of the concentration

of dehydroassorble acld and redustones in other wvarie-
ties after different intervals of storage are being mede
in the laboratory &t the present time. It will be of



~134~

considerable interest to learn if reduced concentrations
of ascorble acid following storsge are assoclsted with
the development of either dehydrosscorblie scid or reduce
tones.,

The inherently high concentration of asgorblc acid
in the Willow Twig indlcates the possibllity of producing
through & breeding program varietlies of apples as wvalu-
able as the tomsto as contributors of vitamin ¢ to the
dlet. The importance of such & program to enhance the
nutritive value of apples is strengthened by the finding
that 100 per cent of the ascorblc scid of the Willow
Twig apple is absorbed by the humen subject and 1is,
therefore, avallable for metabolic utilization. Whether
the ascorbic acid of the apple withstands the processes
of mastication and digestion hes been questioned, but
data horein presented clesrly show that the chemieal de-
termination of the vitamin € soncentration of this apple
variety represents its true nutritive value.
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Table 1

Concentration of ascorbic acld in various dilutions of
standard solutions and photoelectric colorimeter scale
divisions

“Btandard Diiution Coneentration of Zcale

golution ascorbie acid divisions
mge per mi.
1 8 « OUBRO0 13,0
b +00B200 . 1346
2 -] 005416 13.0
b + 008416 1l.9
bt a 004323 7 o7
b SO04323 8,0
4 a + 007478 16,4
b « 007478 13.6
5 8 «003716 648
b +003716 B840
8 a »0071B3 15.8
b +D0T1LES 1640
7 a «003824 Te%
b « 003224 845
8 a + 006282 14,
b « 06282 14,8
2 & + 0042354 6.5
b + 004254 Bed
10 e + 006921 11.8
b «006921 14.6
11 a « 006884 1349
b +005884 14.0
12 a «004473 8,287
b «004473 843
13 & « 007581 17.4
b 007581 18,7
¢ » 007581, 18,9
14 a8 «003R219¢ 9.2
b +003219 847
43 003219 G40
15 8 « 008352 2l.1
b «00B352 20,5
{43 2008358 19,0

Continued on next page
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Table 1 (Continued)

“Btandard  Diiution Concentration of Scale
snlubian aacarbia aaid  divisiona

16 a « 001068 345
b « 001968 4,9
143 « 001968 Ba6
17 a «004541 B45
b 004541 7.2
¢ « 004541 B.6
18 8 + 005208 9.3
b « 005298 Oe1
¢ «0056298 10.9
19 a +004155 945
b «004155 11.0
¢ « 004155 10,0
b ¢ﬂ65Q59 13.2
¢ «00B959 14.7
2l a + 0069867 17.9
b + 0068967 1648
e +006067 16,0
22 & « 004241 10,2
b 004241 8.8
¢ «004241 10,3
23 a 005082 13,5
b ~+ 005082 12.3
¢ « 005082 12.8
24 e 004158 949
b » 004158 11.3
¢ «004158 1l.1
25 a «00B034 11.9
b «005034 1048
¢ 008034 8.7
26 a +005050 9.2
b + 008050 1044
N «00B060 946
27 8 +004824 10.8
b + 004824 11.1
¢ «004824 10.9

Continued on next page
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Table 1 (Continued)

“Standard Dlivtion Concentration of Scale
aalut&an aaampbia gcld divisions

b «003136 5.8
e «003138 Te6
29 e . 002877 5.8
b » 008877 11a.7
4] ~002877 78
30 a «006625 14.9
b 006828 13.7
¢ « 006625 1546
31 a 003822 10.1
b 003522 7.4
¢ +0035622 Tal
a2 a + 008040 15.2
b « Q06040 13.9
33 & «+0034)8 1040
b . 003418 9.7
c «008418 Be8
34 a +00B455 12456
b +00B455 12,7
35 a +004026 D9
b +004026 D5
¢ +004026 9.0
36 2 » 0064256 14.7
b « 006425 15.6
e 008425 14.8
37 & «01059 27.3
b «02118 - B4
¢ waalvv 8l.4
4 37 108.,4
@ »033@8 135.0
38 8 . m&@%ﬁ 21.7
b 01726 4347
3 +02589 67.8
a «+034588 88,46
o +04316 112.3
39 -3 +003072 D8
o 003072 6.4
L+ ~003072 Tsd

Continued on next page
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Table 1 (Continued)

“Etandard Diiution Concentration of Scaie
golution ascorble acid divisions
wmber in sample .

40 & + 008358 16,5
b + 006338 172
8 Q06538 16,56
41 a 003336 6,9
b 003338 764
¢ +003336 T2
42 23 «004530 1l.7
b +O04530 115
¢ + 004830 11.0
b 007887 19.8
i) »007287 12.1
44 e « 006440 15,9
b « 006440 15,8
¢ « 006440 15,6
45 -1 «D0BOTY 1247
b +010145 28.0
¢ <2089 50,0
a «O3043 7644
b +01024 24,9
b +Q0D458 22.0
c +009455 20.8
d 03782 94,0
48 8 000334 23,0
b «00BB44 23,0
¢ +009544 22,3
a +OB784 94 .3
49 & .01218 30,9
b +02436 62.6
& n%@&‘& 1.8
a 04872 124 .7
BO a «008767 2l.2
i+ «008767 2le7
51 & «01031 24.9
b +01033, 24,9
¢ «01031 2845




Teable 2

Concentration of dehydroascorblc acid in various dilutions
of standerd solutions ggd p?ataelaatria colorimeter scale
visions

" Standerd Conc, of dew ‘ Scale
aalgzimn hygrmaaanrbia divisions

1,195 2745

1.503 35,5
2 | 0,623 14,0
1.039 26,3
3 0.785 19,0
1,570 B 6
4 . 1.2584 | 28,5
1.505 35,0
1,765 39,5
2.+ 006 45,2
5 0.242 1.7
0.484 11,0
0,727 19,0
0,969 24,7
1.211 30,7
1.483 3640
1.695 41,0

1.938 46,0
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Table 5

Concentration (mg. per cent) of ascorbic¢ acld in plasma
day by day in experimentasl period III (80 mg. ascorbic
peid as apple) es observed in six subjects

Time in Subject AJA. Subjeect D.E.
hours# Day 1 Dey 2 Day 3 Day 1 Day 2 Day 3
0 0.97 0.69 0,98 073 063 0,47
% 070 0,70 0,94 0,76 04,60 0,73
1 0.94  0.96 1,07 0.84 0.63 0,69
't 1,12 0,99 l.18 0s94 0.62 0.81
2 104 0,79 1.04 1,16 0491 0,73
2% 165 0.77 1.14 101 0.58 0,69
3 1.19 0.81 0.85 0.8 0.46 0,70
3% “1408  0.78  0.65 0.90 046  0.87
4 0eB7 0.59 0,81 1.07 0456 0,47
Subject M.H. Bubject M.K.
0 088 0448  0.51 0468 0461  0.59
& 0486 0.556 0451 0u61l 0.64° 0,64
1 0«60 0.88 0«71 084 0«89 0,70
13 0458  0.94 0,70 0.54 0.90 0,82
2 1400 0496 0,79 077  0.93 0,92
2% 079 0488 0,70 0,76 0,63 0,99
5 0«55  0.86  0.83 0.83 0,63 0,98
3% 04656 0.80 - 0.40 0488 0,80 0,90
4 0eB6 0442 0uB38 . 0.47  0.52 0,93
Subject M.H¥. Subject W.W,
0 0¢84 0443 0464 Ded7 0uB4 0,40
5 0468 0.49 0.66 QB2 0488  0.45
1 0480 0470 0481 0656 0.85 0,49
1% 0478 0467 0,77 0,92 0.98 0,77
2 e84 . 077 Qa7 Q.80 - 0,78 0,79
2% 0495 0,83 0.63 083 1,06 1.08
3 04B7 0.76 0461 0452 0493 0,81
2% 0eBO 0477 0484 = 0.85 0.79 0,52
4 0487 0,890 0.41 0s38 0463 - 0,43

#0 time represents ifasting level
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Cohen, Be, and Mendel, L. B. »
1918, Experimental scurvy of the gulnes plg in relation
to the dliet. ,
- Js Blol. Cheme, 38, 425-453,

Scurvy may be prodused experimentally in gulnea
plgs with sultably chosen dlets. The nature and
sequence of symptoms 1s deseribed.

Sheysman, He Cs, Laker, V. K., smd Campbell, He L.
1932, The quantitative determination of the antisoore
butic vitamin {vitamin €¢).
Js Amer, Chem, Soc., ﬁp 185~172.

Relative amounts of vitamin C in different foods
may be messured by determining how much of eaech food
18 required to prevent aauxwg in guinea plgs 6 to 8
-woeks 014 and welighing 300-380 gm. When less than
the "minimum protective dose” i3 fed, the :cv&r&tz
of the seurvy produced is given a quantitative rating
baaed on the welght ourve, duration of life, symptoms,
snd antopsy findings. The basal dlet 1s designed to
furnish optimum quantities of all known easential
nutrients other than vitamin Q.

Bracewell, M. P., Hoyle, EB., smd Zillve, 8. 8.
1930. The antisourvy vi%nm&n in apples.
Hed, Res. Oounell, 8peo. Rept. Ser., 146.

The method of estimation of vitamin C depends on
the degree of protection from seurvy which the subm
stange teated alfords to young gulnea pigs subslating
on o soorbutic dlet. OGuines plgs weighing 28506-300 gm.
were used. The scorbutle diet was mede up of:

Bran € parts by volume
Barleymoa) ; e = iy

Pishwmeal
Crushed oats

" L
" ]
L ]

2853
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It was offered ad llibltum In addition to
40~60 cce of sutoclaved milk made up from a dried
powder. Fed thls dlet, gulinea plgs sucocumbed to
scuryy within 4-5 weeks,

Welght curves of gulnes pigs used to test the
antiscorbutic potency of a number of varleties of
apples are shown.

Bessey, O« A., and Eing, C. G.

1933, The dlstribution of vitamin C in plant and animal
tissues, and its determination.
Je Blole Chem., M, 687-698,

The method presented 1s a modification of one
proposed by Tillmans, Hirsch, and Jackisch (Z.
Untersuch. Lebensmitt., 63, 241-246, 1932) for
the direct titration of vitamin C. Experiments
are reported which demonstrate its value in physio=
loglcal studles.

Bireh, Te We, Harris, L. J«, and Rag, S, Ne ,

1933. A miero-chemical method for determining the
hzxurania acid (vitamin C) content of foodstufls,
2UC '
Blochem. JU, gz’, &96“59&0

A detalled description of an adaptation of the
dg& titration method (Harris end Ray, Biochem. J.,
- 287, 303-310, 1933) to a micro-chemical scale is
glven. Results are shown for 2 large number of
foodstuffs snalyzed by thls method and by bliow
logical teat.

Harris, L. Je ;

1933+ Chemleal test for vitemin €, and the reducing
substances present in tumor and other tissues.
Natﬂm ,' m’ ﬂ%’ﬂﬁa

The method for estimating the ascorbie ecid
sontent of foodstuffs, based on titration in acid
solution with 2,6«dichloro~phenol«indophenol was .
applied to forty common sources of the vitamin
and gave results in excellent agreement with values
determined by the blologlecal method.
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Certain materials other than sscorbic acid
also reduce the indicator. Some materlials which
react appreciably with the dye are free cystelne,
products obtained by heating solutions of certsin
sugars {especially in alkalline medie), yeast, whole
pata, and incubated pes mush. -

Harris, L. Js, and Ray, 8.+ N«

1933, Vitamin ¢ and the suprarenal cortex 11, Lossa
of potency of gulnea-plg suprarenals in scurvy.
With notes on & method for determining antie
scorbutic activity (hexuronic acid) by chemlcal
mMERNS o ;
Bliochme Je ¥ gz.’ 305"‘33@&1

, A method ls described in which an acld extract
of the test meaterial is titreted with 2,6~dlchloro-
phenolindophenols The dye 1s standardized against
lodine.

Emmerie, A,
19344 éap&rat&a& of cysteine from ascorble acid by
mercuric acetate,
Blochem. J., 28, 268-289,

Cysteine, an interferlng substance in the
determination of sscorblic aclid by means of 2,6
dlehlorophenolindophenol solution, may be pre-
cipitated by mercuric acetate,

Tauber, He., and Klelner, I. 3.

1935, ' A method for the quantitative determination of
ascorbic aeld (vitamin C}. The vitamin C content
of various plant and animal tissues.

J. Blol. Chem., 108, 563-570.

A method ls described in which ean acid ferri-
cyanide solution is reduced by ascorbic acid. The
amount of reduced favriazaniﬁa 1s messured by
treating the solutlion with ferric gum ghattl re-
agent. The Prusslan blue formed is determined
colorimetrically.

Results obtained using this method check with
those obtained by tlitration with indophenol to &
reasonable degree. '
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Farmer, C. Je, and ﬁbtﬁ,'ﬂo Fe
1936, Determination of redueced ascorbic scld in small

Roe,

amounts of blood,
Proc. Soc, Expe Blol. and Med., 34, 146-150.

A micro-method 1ls described which permlts the
eatimation of ascorbic acld in as little as 0.3
mls of blood, The ablllity of deproteinized plasma
to reduce indophenol dye is the basic principle
involved,

Js He

1936, The determination of ascorblc scid as furfural

Lyman

1937.

and & comparison of results obtalned by this
method and by indephenol titration.
Jde Biol. Chem., 116, 609-619,

When bolled with HCLl, ascorbic acid (but not
dehydroascorblie acld) forms furfural which is de~
termined by the color formed with aniline scetmte,
A method 1s deseribed consisting of the determlie
nation of the furfursel formed by bolling an scid
extract of & tissve in which the ascorbic acld has
been oxidized by passage through norii, under none-
reducing (with HCl alone) and reducing (with HCl
containing stennous chloride) conditiona. The
value obteined with the HCl-SnClg mixture minus
that given with HC1 alone is the amount of furfural
from ascorbic acid.

Comparison of results of this method and the
indophenol titration method upon 16 plant tissues
agreed within limlts of experimental error.

» Gi Mﬂ’ Sehultﬁﬁg M‘ Q., %m Kin.g' G. G’.
The effect of metaphoasphoric acld and some other
inorgenic acids on the catalytic oxidation of
sscorbic acid.
Je Blols Chem., 118, 757«764.

Metaphosphorie acid inhibits the copper-
catalyzed oxidation of ascorbic acld by decreasing
the amount of copper effectlive in the catalysis,

" in addition to the effect that 1s due to the pH of

the solution. The rate of oxldation of ascorblce

acld in solutions of metsphosphoric acid depends

upon the ratio of metaphosphorlie aeld to copper,

gg& n@?dtha ratio of metaphosphoric scid to ascore
¢ agid.
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Mack, Ge L., and Tressler, D. K.

1937. Vitamin C in vegetables VI. A oritical investis-
gation of the Tillimens method for the determi-
nation of ascorble acid.

Jl 3,':. ﬁlh ahﬁIﬁh » m. ’?55“?%‘

A Btrongly ionized acid is recommended for
use in the extraction procedure in the Tillmans
method for the determination of ascorble acid to
insure & pH low enough to prevent enzymic oxide-
tion of ascorblc acid. The catalytic action of
copper is inhibited by the addition of 2 per cent
metaphosphoric acid to the extrescting wedlum. By
preventing the oxidation of ascorbie acid throughe
out the determination, the hydrogen sulflde treat-
ment may be eliminated.

Dding prolonged hydrogen sulfide treatment in
weak acld solutions, substances other than dehydroe-
ascorbic acid are reduced. The use of & strongly
ionized acid prevents the interfering materials
from rescting with the dye.

Beasey, Os Ao ‘

1938 A method for the determination of small quanti-
tles of ascorble aold and dehydroascorbic aclad
in turbid and colored solutions in the presence
of other reducing substances.

Jde« Blole Chem., m, Til=T84.

Evidence for the validity and preclsion of
the method 1s presented. Several extractents were
tested, 3 per cent metaphosphoric aecld being found
most satisfectory. Ascorbic acid and dehydro-
ascorbic acid analyses are reported for several
vegetables, ‘

Evelyn, K. A., Malloy, H« Te, and Rosen, C.
1038. The determinetion of aae@rbia'aaiﬁ in urine with
the photoelectric colorimeter,
Jde Blole Chem,, m, 645654,

A method is described in which visuval tltrae
tion is replaced by an objective photoelectric
measurement of the amount of dye decolorigzed when
& measured quantlity of sample rescts with an excesas
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of dye. Standardization of the dye solution is
not necessary. Errors due to interfering colored
aubstances are eliminasted. The measurement may
be completed within 5 seconds after the additlion
of dye, reducing errors due to non-ascorbic acid
reducing substances.

Menaker, M, H., and Guerrant, N. B.

1938, Standardization of 2,6~dichlorophenclindophencl.
An improved method.
Industs and Eng. Chem., Anal. Ed., 10, 25«26,

Pifteen mls. of dg& solution are plpetted into
& 50 ml, Erlenmeyer flask and 0.5«1.0 gm, of
potassium lodide and 045+1.0 ml. of dllute sulfuric
acld are added. The mixture ls shaken to facili~
tate the oxidation of the potasslum lodide, and

the liberated lecdine is titrated wilth 0,01 W
sodium thiosulfete, wsing the usual starch
indlcator.

The chief advantages of the method are that
the sodlum thiosulfate solublion remains stable
after it reaches equilibrium and that the end
polnt of the tiltration is sharp.

Scudl, J. V., and Ratish, He Do

19384 A colorimetric method for the determinstion of
asoorbic acld.
Indust. and Eng. Chem., Anal., Ed., 10, 420-423,

The reduction of dlazotlized sulfanllamide by
ascorble acld was studied and a quantitative
- method for the estimation of the vitamin devised.

Esselen, W. B., and Fuller, J. E.

1939. The oxidation of ascorbliec acid as influenced by
intestinal bacteria.
Je Bact., 37, 501-521.

Certain bacteria, perticularly members of
the coliform group, inhiblt the oxidation of
ascorble acld In culiure media,

Two strains of E. coll werse found which re-
duced approxims ely DO Ter cent of the dehydro-
ascorbliec acld present to its egquivalent of
ascorblc acid in five hours.
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Kirk, M. M., and Treasler, D. K.

1939 Determination of assorblic scid. Electrometrie
titrgtion method.
Indust. and Eng. Chem., Anal. Ed., é&, B322«323.

An electrometric titrimeter was used in two
ways: (1) the qualitetive unit alone, and (2) the
quantitative unit for plotting a titration curwve.
Both methods were used in titrations with 2,6~
diehlorephenolindophenol and with iodine. Redueing
substances other than ascorble acid did not intere
fere with the end point.

Roe, J. He, and Hall, J. M,

1939, The vitamin C content of humsn urine and its
determination through the 2,4-dinltrophenyle
hydrazine derivative of dehydroascorble acid.
Jde Biols Chem,, 128, 329-337.

Ascorble acld is oxidized to dehydroascorble
acld and the 2,4-dinitrophenylhydrssine derivative
formed which 1s dlssolved in HCL containing SnClg
and boiled under pressure to reduce the nitro
groups, The furfural formed is then determined
colorimetrically by the aniline acetate method.

gunsalus, Je. Cs, and Hand, D. B.

1941s The uze of bacteris in the chemical determination
of total vitemin C.
Js Biol, Chem., 141, 853-8858,

A method is desoribed for the guantitative
determination of total vitamin C in blological
materials by reduction of dehydroascorble acid to
ascorblic acld with a resting suspension of
Be c0li, followed by direct titration with 2,6-
dichIorophenolindophenocl.,

The method 1s not applicable to all blo-
logical materisls. It cean be applied successfully
to milk, fruit, julces, and urine.

Kin Co Go
194 : Chemical methods for determination of vitamin C.
Indust, and Eng. Chem., Anal. Ed., 13, 285227,
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Sources of error in methods involving the use
of 2,6-dichlorophenclindophiensl ss the oxldizing
agent are dlscussed., Compounds are listed which
interfere seriocusly with the determination of de=~
hydrosscorbic sclde The error introduced by
hydrogen sulfide treatment ls polnted out. MNethods
for detecting and avoiding interference sre
mentioned.

Kirk, M. M. :
1641, Polarigraphic determination of sscorble acld,
Indust. and Eng. Chem., Anal, Ed., 13, 625-626.

A preliminary report is presented of vitamin
¢ determinations mede with a Fisher Elecdropode
or polarigraph. No guentitative determinations
were made. Results obtained, however, indlcate
the possibility of adapting the method for accurate
quantitative analysis. The determination is not
hindered by the presence of pigments, ls specifie,
and ls sensitive to small amounts of eleckrolyte.

1941, Determination of ascorblc acld in whole bleod.
Proc. Soc. Exps Blol. and Med., 47, 487-489,

A method is described for preventing the
oxidation of ascorbic acid by oxyhemoglobine. The
oxyhemoglobin may be reduced by slternate evacua-
tion and treatment with carbon dioxlide under
pressure before deproteinization with metaphosw
phoric acid.

Worall, Se A

1941, Rapid photometric determination of ascorbic
acid In plant materials.
Indust. and Eng. Chem., Anel. Ed., 13, 793~794,

An adsptation and modification of the photo-
maetric determination of ascorbic ncid in blood
serum as reported by Mindlin and Butler (J. Bilol.
Chem,., 122, 673, 1937-38}) and modified by Bessey
(J« Bloly Chem., 126, 771, 1938) to include colored
or turbid solutions and plant tissue extracts is
described. The procedure for the preparation of
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the standard curve in the ecalibration of the Evelyn
photoelectric colorimeter is given. The appllication
of the method to the an&lyaia of beans and aabbaga
is aasaribeﬁ‘

Stotz, E.

19¢1." A olinical method for the determination of ascor=
bic acid in blood plasma and urlne,.
J. Lab. and Clin, Ned., 26, 1542-1545,

‘ The method described 1s based on the one .
developed by Mindlin and Butley for the determle
nation of plasms ascorble scld. It involves the
quantitative extractlon of oxldised 2,6«dichloro~
phenolindophenol from ascld solublion with xylene.
The dye is allowed contact wlith the ascorbic acid
for the short time neceasary for the reaction, then
extracted into xylene, where it ils no longer sube
Jected to an ecid medium or to slowly reducing
substances, and is, therefore, stable for hours.

Carruthﬁrs
1942, im@rovaa photometric method for mscorble scid.
Inﬁus%; and Eng. Chems, Anal, Ed., 14, 826-828,

Directions are gliven far 8 miaraphmtomﬁtrie
method for the estimetion of ascorble acid based
upon the difference in trensmisslion of buffered
2,6«dlchlorophencliindophencl before and after ree-
ductions Interference due to other reducing sube
stances is inhiblted by the sdditlion of mercurle
chloride.

Dunker, C. 7., Fellers, Cs R., and Esselen, W. B,

1942« A conmparison of four methods for da%armining
vitamin C with a 25«day, waightwreaﬁmnaa bioassay.
Food Ress, 7, 260~268.

0f the methoeds compared in thils investigation,
the a,6~d1¢h1@rmphamalim&&yhana& titration method
and the 2B«day, welght-response biosssay method gave
gwgﬁ@gh&a&a 1fh the stendard Sherman biocassey
wnenr » ~
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The welght-response blosssay method provides
& simple end accurate method of checking the re-
sults of chemicel determinetions for vitamin C iIn
food products. It should prove useful, particularly
in the evaluation of the antiscorbutic properties
of a foodstuff containing the blologlecally inective
d=gluco=-ascorble acid and d~iso=ascorble acid which

are being used in the food industry as entioxidants,

Harris, L. Js, Mapson, L. We, and Wang, ¥. L.

1942,

Vitamin methods IV, A simple potentliometric
method for determining sscorbic acid, suitable
for use with coloured extracts,

Blochems J. » m, 1B83=195.

The theory of the electrochemical reaction 1a
discussed, A potentiometric procedure 1ls described
and the advantages of the wethod indicated. Results
obtalned when various fruits end vegetables were
snalyzed for ascorble aeld by visual and by poten~
tiometric methods agree to within 1-2 per cent.

Harris, L. J., and Olliver, M.

1942,

Hlghe
1942,

Vitemin methods III. The reliability of the method
for estimsting vitamin ¢ by titration sgalinst 2,6«
dichlorophenclindophencls 1. Control tests with
plant tissuves.,

Biochems Je, @ﬁ’ 155-182.

Evidence is given that if specified precautions
are teken, direct titrstion of the scld extract
against 2,6«dlchlorophenolindophenol can be recom-
mended for all ordinary routine analyses of plant
materials as glving the total antiscorbutic activity.

Interfering substances were not found in nmessure
sble quantlities in any fresh frults or vegetables,

£, De Mo, and West, E. 8. :
A proecedure for gh@ determination of ascorblc acid
based upon the use of a standardized solution of
2,6«dlehlorophenolindophenol in xylene.
Js Blols Chem., 146, 655-662.

A method for the estimation of ascorble ascid in
biological flulds ls described. It is applicable to
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the determination of ascorblc acid in verlous frult
julces, urine, and blood plasma or serum. The
analysis of plasma and serum ascorblc acid may be
made directly upon the materlial without preparation
of a f1ltrate, :

Loeffler, Hs Js, and Ponting, J. D.

1942,

Lugg,

1948,

Ascorblc acids HRapld determinatlon in fresh,
frozen or dehydrated frults and vegetables,
Indust. and Eng. Chem., Anal. Ed., 14, 846848,

A modification of the method described by
m@l"ﬂ}.}. {Indust. and Eng. Chem,, Anel. Bd., E; .
793-794, 1941) is presented. The use of a solution
of 1 per cent metephosphoric acld eliminates the
need of buffering.

JeWels

The use of formaldehyde and 2,6~dichlorophenclw
indophenel in the estimation of ascorbic acld and
dehydronscorbic acld,

Australian J. Exp, Blol. and Med. Scl., B0,
278285,

Methods for estimating the concentration of
ascorbic acid and dehydroascorblic acld from meta-
phosphoric acid extracts of blologlical mmterisls
are dlscusseds

Ascorblc acld condenses wlth formeldehyde
readily st pH 3.5 but only very slowly at pH 1.5.

On the basis of this observation, a method ls de-
seribed which is belleved to be specific for ascorble
aclde '

Mapason, L. We

1942,

Vitamin methods V. A& note on the determlnation of
ageorble acld in frults and vegetables in the
presence of S04

Biochem. Je, 36, 196-202,

Sulfur dioxide 1s used extensively for pre~
serving frult, fruit jJulces, and frult pulps. Since
it reduces 2,6~dichlorecphenolindophenol almost
instantaneously, it is impossible to determine
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ascorble acid in products so treated unless special
precautions are taken. Two procedures for overw
coming the difficulty are described: (1) an extract
of the material in § per cent metaphosphoric aecid

is aubjected to exhaustion 1n vacuo to remove the
805, 8nd (2) acetone is added To form the acetone-
bisulfite complex which neither reduces the dye
itself nor interferes with the reduction of the dye
by ascorblc acid.

Ramsey, Je Be, snd Colichman, E. L.

1942+ Potentiometric deter

nation of vitamin Ce Come
binaﬁ use of 2,6-dlehlorophenolindophencl and
iodate.,.

Indust. and Eng. Chem., Anal, BEd., 14, 319-321.

This method was developed to make nse of the
specific oxldation of ascorblc acld by 2,6~dlchloros
phenolin, but at the seme time, to depend upon a
stable potassium icdate solution as the only standard
oxidant, thereby eliminating the necessity of stand-
ardizing the unstable dye solution,

Reid, M. E.

1942,

Protestion of ascorbic scid during its extraction
from plant tissues.
?@@ﬁ FRQQ,‘ z, ﬁﬁﬂnﬁﬁﬂﬂw

The vitamin C content of test materisls was de-
termined by titration againat 2,6-dichlorophencle
indophenol .« ;

The preservation of vitemin C during its ex~
traction with metaphosphorlic aclid from tissues of
hi%h oxidative esctlvity depends upon the amount of
acid used in the early phases of grinding snd upon
sufficlent volume to cover all perts of the sample
when the flrst crushing of cells tskes plece.

Cooking has & protective effect on vitamin ¢
in tissuves of high oxidetive sctlivity.

Gould, Bs 8., sand Shwachman, H.

1943,

& new method for the bloamssay of antlseorbutle
substences. Assays of dehydrosscorbic acid,
2«ketogulonic sclid, iron ascorbate, snd the
effectiveness of oral and parenteral adminlistrae
tlon of ascorbic acid. '

Je Blole Chem., 151, 459453,
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A new biaaaaag is described, based upon the
incresse in serum "alkaline" phosphatase of scor-
butic guinea plgs observed after the adminlstration
of a critical dose of ascorbic acid,

Dehydroascorbic acid was found to be 80 per
cent es active as ascordblc acid,.

- Hochberg, Me, Melnlck, D., and Oser, B. L.

1943, Photometric ﬂatarminatiaa of reduced and total
ascorbic meld.
Indust. and Engs Chems., Anal. Ed., 15, 182-188,

Evidence 18 presented of the greater specificity
of the ilmproved photometric method, as compared wlth
the visual titration and the wvarious titrimetric and
photome tric preocedures, The importaence of determine
ing dehydroescorble acld, initially present in some
materials and produced in others when proper anse
lytical precautions are not taken, is stressed,

Koenig, R. As, Schlefelbusch, T. L., and Johnson, C. R.
1943. Chromogenic reagent for vitamin ¢ determinations,
Indust. and Engs Chem., Anel. Ed., 15, 181~182.

Ferridipyridyl sulfate 1s suggested as & re-

a%ant for the spectrophotometric determination of

tamin C. PFerridipyridyl ion ie falrly stable, and
on reduction with vitemin C forms the extremely
steble pink or deep red ferrodipyridyl ion.

The new reagent has been used malnly in assay=-
ing commereial ascorble acld, citrus frult julces,
end dried foods, It is baing compered with other
methods for ascorbic ascld in amalyzing more complex
systems.

Mapson, Le We
1943, Ascorble acld in dehydrated foods.
Nature, 152, 13 mld.

Reductones closely resemble ascorble acld in
many ways. They ares found ln certaln dehydrated
foods which have been subjected to heat treatment,

A method ls described in whileh the initlal titration
measures ascorbic acld end reductones. The ascorbdle
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acid present is then removed by condensation with
formaldehyde. The remalning redueing power is
aseribed to reductones.

Wapson, L. W.

1943, Vitamin methods VI The estimetion of ascorbic
acid in the presence of reductones sand allled
substances.

Je B0ce Chem. Indust., 62, 223-232.

A method is described, and critically evaluated,
invelving titration against 2,6-dichlorophenolindo-
phenol in the presénce of formaldehyde, making pos=-
8ible the differentiation of ascorbic acld and
reductones, Reductones and similaer subatances, if
present, interfere 1in the analysis of ascorbic acid
in foods.

Evidence 1is givan ah@wing that reductones are
produced when dehydrated vegetables are drled at
too high & tem g@rmtura, or when stored at tempers-
tures above 25

Pepkowitz, L. P.

1943+ The rapid determination of ascorbic acid by the
adaptation of Btotzt's method to plant materiasls,
Js Blol. Chem., 151, 4056-412,.

An asdaptation of Stotz's method for the determi-
nation of ascorbic scid in blood and urine is de-
gerived for the rapid estimation of the vitamin in
plant meterials, The method depends on the selective
solubility in xylene of non-reduced 2,6~dichloroce
phenolindophenel from acid aaluﬁiana. The method
is especially useful for highly colored or turbid
extracts and 1s applicable to fresh, frozen, or
dehydreted plant materials,

Ponting, Je« Ds

1943, Extraction of sscorbic acid from plant meterials.
Relative sultability eof various acids.
Indust. and Eng. Chem., Anal., Ed., 15, 389-301.

Thirteen aclds were compared as to their stabl-
lizing effect upon ascorblic acld solutlons under
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condlitions favorsble to oxidation, Only meta~

phosphoric end oxallc acids appeared sultable.

They were far superior to any of the others and
about equally satisfactory.

H%, Jv HO, md Ku@th@r, Cw ‘A#

1943. The determination of escorble seid in whole blood
and urine through the 2,4-dinitrophenylhydrazine
derivative of dehydroascorble acld,.

Ja Bilol. Ghﬁﬂln, w’ 3509=-407,

The 2,4~dlnltrophenylhydrezine derlvative of
dehydroescorble ascld is treated with 85 per cent
sulfuric acld to produce & colored product, snd
the intenslty of the color is measuwred in & photoe
slectric colorimeter. The general procedure 1s
described and a caleulation chart for vae with the
Evelyn photoelectric colorimeter presented. The
specificity of the method is clearly demonstrated.

3:10“‘, 6‘! A’o.‘ &né ﬁilvﬁ, Si &Q

1943 A critical exemination of Lugg's method for the
determination of l-ascorbic acid.
Bliochem. J., 37, 630«640,

The kinetics of the reaction between formalde~
hyde and lwascorble acid or chemically related
substances were studled,

The possible structure of the formeldehyde-
ascorbic acld complex is given.

The studlies show that the use of Lugg's method
greatly reduced the error in the titration method
for the determination of ascorbic acld in the
presence of small quantitles of reductone or reductic
acid. Additionsl corrections sre necessary when
large guantities of reductone are present.

An evaluation of the chemical essay of escorbic acid,
1944. Nutrition Reviews, 2, 58-569.

The importance is stressed of mccounting for
reduotones present when analyzing such substances
as melt extracts, hested cereal grains, and ferw
maggeg Juices for ascorbic acid by the indophenol
method .



=170=

The posslbllity of usling the electrolytlc
method in determining dehydroascorbic acid is suge
gested.

Gawron, 0., and Berg, R.

1944, Estimetlon of vitamin ¢ in presence of iron salts.
Stepwlse determinstion of vitamin ¢ and ferrous
iron with dlehlorophenclindophensl,

Indust. and Eng. Chem., Anal, Ed,, 16, 757.

With the use of isolated vitamin Ce-lron salt
systems, a method was developed for the estimation
of vitamin ¢ in whiech ferrous and ferric iron did
not interfere, Whether or not the method may be
applied to food produects was not determined.

Hﬁinz&, P’ f?.{.‘ Km&&y&m, Md &t’kwa‘-da, EQ Iaﬁ,
Brimball, P. C., 8nd Foster, R. L.
1944, Ascorbic acid content of 39 varieties of snap
beans.
Food Res., 8, 19-26.

A modification of the MNorell method (Indust.
and Eng. Chem., Anal. Ed., 13, 793-704, 1941) 1is
described in which an unbufTered one per cent
solution of metaphosphoric acid is used for the
extraction.

Kawerau, E., and Fearon, W. H.

1944, Ascorblc aclid. Part 2. Factors determining
stabllity in aqueous solutlion.
Sei. Proc. Royal Dublin Soc,., 23 (N.S8.), 171-180.

Methods avallable for protecting the vitamin
from destruction following oxidatlion are described,
Four classes of protectors are of speclal 1lme
portance: (1) substances capable of stabilizing
the vitamin by combining with it either in 1ts ree
duced or oxidized form, (2) reduclng agents capable
of maintaining the vitamin in the staeble reduced
form, (3) buffers that keep the solvent from becom=
ing alkaline, and (4) substances that act as anti-
catalysts, elther by depressing the lonization of
copper present in the solution or by combining with
"agseorbic oxidases®. ‘
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Lucaa Bs He k '

1944. ‘Determining ascorbia acid 1n large numbers of
plant samples.
Indust. and Enge Chem., Anal. Ed., 16, 649652,

A procedure lsz deseribed for the determinatlon
of sscorble aclid in plant material found useful in
plant breeding and other plant resesrch. A grinde
ing machine was designed meking possible the simule-
taneous disintegration of ten samples,

The concentration of ascorble acid in aamplea
of various plant matarl&la was determined on &
large scale.

An extenalve aurvay was made to determine
whether losses of any significance might occur if
the extrect to be tested was flltered through paper
instead of being centrifuged. The results Justi-
fied the avandonment of centrifugation in favor of
the timesaving filtratlon procedure.

Btudies showed that bLltrations as used in the
 procedure presented sould be accomplished aafely and
reliably with unbuffered solutions.

Roe, J» He, and Qesterling, M. J.

1944. The determination mf dehydrcascorble acid and
gascorble acld in plant tlssues by the 2,4«dinitro-~
phenylhydrazine method.

Jo Elﬁ&p Cbﬁma, 1&2’ 511*51?*

A description of a modiflcation of the original
method (Roe and Kuvether, J. Biol. Chem., 147, 399-
407, 1943) for the determination of the totel ascor-
bie apid in blood and urine is given. The reduced
ascorble aclid present 1ls stebilized with thiourea
to allow measurement of dehydrosscorblic acld only.

Advances in ascorblc acid methodology.
1945. Nutrition Reviews, 3, 16~17.

A discussion is presented of recently reported
methods for the determinatlon of aseorbic acid beth
in plant and enimal tiaanea, which aamplemmnt s ome
of the older methods.
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Stewart, A. P, and Sharp, P« Fs

1945,

Determination of vitamin C in the presence of
interfering reducing substances. Selective oxle
dation~reduction method.

Indust. and Enge. Chem,, Anal. Ed., 17, 373«376.

Ascorbic acid and interfering substances are
catalytically oxidized by ascorble scid oxldase,
followed by the apeclific reduction of dehydro-
asoorblic acld to ascarblc acid by a suspension of
Escherichia g¢oll or Staphylocogeus glbus. The
ascorbic acid formed i1s then determined by indoe
phenol titretion,
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ASGORBIC ACID IN APPLES

Kohman, B, F,, Bddy, ¥. He, md Carlason, V.

1924, Vitemins in canned foods II. The vitamin C
destruetive factor in apples.
indust. and Enge Chom., 16, 1861-1263.

~ this paper is the second in a serles of re-
searches to egtablish to what extent vitamin C is
aaatwagpﬁ,xn the canning process, the c¢suses under-
lying its destruction, and ways eand means of ensure
ing its preservation. . . - .
. Albermarie Pippin snd Staymsn Winesap apples
were studled. The method of Sherman, IaMer, and
Campbell (Je Amer. Chem, So6., 44, 185-178, 1922)
was used in the assay of thelr vitemin C content.
- VWhan the apples were cannsd after being covered
with a salt solution, there was no appurent loss of
vitamin ﬁ,ai&wﬁapoatiwa‘ax;ﬁhﬁ time of processing
within the limits of sommerciml prectice. The pro-
cedure is common practice in the commerelal canning
of apples. Storing of the canned apples for 8 months
grve no evidence of losses of vitamin 0. There wes
& marked deterioration in vitamin ¢ content in rew
apples held in cold storage from Ostober to March.

Bracewell, M. F., Hoyls, E., and Zilve, 8. 8.
1950, The antiscorbutic potensy of apples,

Blocheme ﬁ'w, %g B8=90.

The following English varieties were tested:
Bramleyts Seedling, Worcester Paarmain, Cox's
. Orange Pippin, Woodbine, Dabinett, and King Edward.
.The following lmported varietiss alsc were tested:
Cleopatyrs, Jonathan, Strawberry Fearmain, Kings,
and Cox's Orange Pippin. -s,5az*$,$atﬁiing wae
markedly more active sntiscorbutically then any of
the other varieties. : :

- Losses were determlned in the vitamin C con-
tent of apples estorsd at 1° C. in aly, or at 10° ¢,
in an atmosphere of mlized geases containing 10 per
sent 00z, 11 per cent 0g, and 79 per cent Ng for

g
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about three months. The gas~stored apples ahowed
: definitely greater deterloration than those stored
n alr. .

The method of snalysls used ls described in
another article by the same authors (Med. Res.
Councll, 8pec. Rept. Series, 146, 1930). The flesh
only of the apples was tested,.

Bracewell, M. F., Kidd, F., West, C., and Zilvs, S. 8.
1931. The antiscorbutlic poteney of apples II.
Biochems Je, 31, 138~143.

Newton Wonder snd Lane's Prince Albert apples
were studled. The antlscorbutle potency of Newton
Wonder was similay to thet of Cox's Orange Pippin.
Lane's Prince Albert was intermediste between
Cox's Orange Pippin and Bramley's Seedling.

Bramley's Seedling apples frozen and stored
at «20° C, for four months did not lose an appre=-
clable amount of thelr entlscorbutiec activity.
Bramley's Seedling apples stored in ailr at 3° C.
for five months d4id not lose any of thelr antie
soorbutic activity. .

The concentration of vitamin C increases as
the skin is approached from the core and is more
than six times as great in the peel as in the flesh
near the core.

The method of anelysis used 1s described in
anothsr article (Braceweil, Hoyle, and Zilva, Med.
Res. Councll, Spec. Rept. smr.,.‘ 146, 1930).

Bracewell, M. P., Wallace, T,, &and Zilva, &. 8.
1931+ The antiscorbutic potency of apples III.
Biochems Je, 25, 144~146.

King Edward apples containing about 0.0307 per
cent niltrogen were about 1.5 times as potent anti-
scorbutically as apples of the same variety con-
taining about 0.0587 per cent nitrogen. No signifie
cant difference in vitamin C content was found
between Bramley's Seedling contalning high and low
gquantities of nitrogen.
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Crane, M. B., and Zilva, 5. S.
1931. The antiscorbutic vitamin of apples IV,

Je Pom. &nd Hort. 8el., 9, 228-231.
Cultivated apples are of two fundamentally

different kinds, the so-called "diplolds™ with 34
- and "triploids™ with 51 chromosomes, respectively.

Bramley's Seedling is the only one of the “tri.
plold” varietlies tested so farm Since the "di-
ploid" and "triplold" apples differ widely in
various charscteristics, other "tpiploid" varle~
tlies {Belle de Boskoop and Blenheim) were tested
in order to ascertain whether a relationshlp exists
between the vitamin C content end chromosome
number of the spple. The Belle de Boskoop was
equal in antiscorbutic activity to Bramley's Seed~-
lings The Blenheim, however, was not of high
eantiscorbutic potenecy. .

Zilve, S. S., Kidd, F., and West, C.

193,

¥

Vitamin content of apples.
Food Invest. Bd. Rept., Gt. Brit, 8¢i. and
Indust. Res. Dept. 1931, 128-129.

- The effect of the temperature of storage upon
the stebility of vitamin € in apples was studled.
There appeared to be & grester loss of the vitemin
in Cox's Orange Pippin apples stored at 10° C. than
in those stored at 1° C., but the difference was
not statistically significant. -

Crane, M. B., and Zilva, S. B. ‘

1932

The antlacorbutic potency of apples V.
Bioohem. Jey gﬁ; 2177-2181,

A number of triploid verieties were tested
for vitamin C and the results compared with those
praziaualy obtained with diploid and triploid
apples.

As 1ln the case of the diploid, the triplold
apples showed a variation In antiscorbutic activity.
Of the nine triplold varieties tested, Bramley's
Seedling, Belle de Boaskoop, and Gennet Moyle stood

- out as exceptionally active, and Reinette du

Caneda, Blenheim Orange, Warmer's King, and Rilbaton
Pippin were of approximstely the same potency ss
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Lans's Prince Albert, an outstandingly sctive variety
of the diploid groups The (ravensiteln varlety,
although & triplold, wss the least active apple
tested in thils inv&atigatien.

The results suggest that some connection may
exist between the chromosoms nunber and the antlie
scorbubic potency of the apple, but do not supply
conclusive evidence.

Fellers, C+ Re, Isham, P. Dej end Smith, G. G

1632,

Vitamim ¢ dlstribution in Wal&win and ¥MelIntosh
&Ppl&a .
Prog. Amer, Soec, Hort, ﬂni., 29, 93«97,

The method of Sherman, Laler, and Campbell
(Je Amer. Cheme 80C., 44, 165-172, 1922) was used
to determine the vitamln C content of the apples,

Baldwin apples held in storage for four
months contained 20 per cent less vitamin C than
they had when freshly picked. The skin of the
apples was four times as rieh in the vitamin as the
filesh immediately béneath it; and from six to ten
times as rich as the flesh nesr the cors.

HeIntosh apples contained only 10 to 16 per
cent as much vitamin ¢ es Baldwin apples.

Presh centrifuge~-extracted Julce of Baldwin
apples wes only slightly inferior in vitamin aann
tent to the fresh frult,

Canned stralned apple sauce appeared ta cone
tein little or no vitemin C. Freshly prepared
unstrained apple sauce, however, retained approxie
mately 20 to 30 per cent of the fruit's ariginaz
vitamin ¢ content,

Eilva Se S, Kiﬁﬁ’ Fﬁ’ and WQ&%, Ga

10932,

The effest of freeging upon vitamin C of apples.
. Food Invest. Bd, Repts, Gbts Brite. Sci., and Indust.
Res. Dept. 1932, 89,

There was no apprecliable loss In ascorbie scld
content of Bramley's Seedling apples tested immedi~
ately after freozing &t «20° ¢, Additional semples
of the graman apples were stored st -5, ~10, «15,
and «20% C. for shout seven months and than tasted
for antiscorbutic setivity. In the mapples atored at

i
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«5° 0o the loss in vitamin C was great; in those
stored at ~10°, somewhet less, but almost 50 per
cent; in the apples stored at -15° ¢, the logs was
just appreciable; while in those bheld at -20% C,,
no loss was deteoctable, .

ZilVﬁy B 3#; Kidd‘ Frt,, and W@ﬁt; Cs
1932 The effect of stock upon vitamin ¢ of apples.
- Food Invest. Bde. Repbt., Gt. Brit. 8c¢i, and
Indust. Res. Dept. 1932, 91,

Two varieties of apples, Bramley's Seedling
end Cox's Oreange Pipplin, were grown on three 4if-
ferent stocks, broadleaved English, Doucin ameli-
ora, and Jaune de Metz, and tested for thelr
antiaearbut&c potency. The results of the ine
veatigation indicate that the concentration of
vitamin C in a given varisty of apple is not
influenced by the stock on which i1t ia grown.

Pellers, C. Re, Cleveland, M. M., and Clegue, J. A.
1933, Vitamin C in Beldwin apples, Julce, c¢ilder and
apple sauce, '
Je Agr. Res., 46, 1039«1045.

_ The Baldwin apple is a fairly good source of
vitamin ¢. Btorage caused a gradusl loss in anti-
acorbutic potencys. Spraying the trees had no effect
on the vitamin content,

Preshly expressed julce retained almost all
of the vitamin C., Clders preserved by heat pase
teurization or sodium benzoate, and canned stralned
apple sauce retained very llttle vitamin C,.

The method of Sherman, LaMer, and Campbell
(Je Amer, Chem, Soc., 44, 166-172, 1922) was used
in determining the antTscorbutic setivity.

Potter, M. T. o ,

1933« The vitamin C content of the Winesap aspple as
influenced by fertlliszera.
Jde Agr. Rose; 46, 367-373.

The influence of the appllication of a complete
fertilizer (N, P, and K) upon the vitamin C content
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of the apple, as contrasted with apples from trees
recelving no fertillizer was studled. The method

of Bherman, LeMer, and Campbell (J. Amer. Chem.
Soce 44, 165-172, 1922) was used.,

~ Blxty per cent of the animals recelving apples
from fertilized trees were protected or developed
only mild sourvy, while not one of the enimals fed
applea from non-fertilized trees was protected, and
80 per cent developed moderate to very severe
scurvy. Winesap apples from trees recelving appli-
cationa of & complete fertiligzer appeared to be a
better source of vitamin C than epples from trees
not 8o fertilized, when fed at the flve-gram level.

Potter, M. T, 5
1933 The Winesap apple as & source of vitamin C,
Je Home Eo,, gﬁ.i BR=E6 .

The technigue of Sherman, LaMer, and Campbell
(J. Amer. Chem, Soc. 44, 165-172, 1922) with
seversl wodifications was used to meas ure the vitae
min ¢ content of the apples.

Winesayp apples from trees not fertilized and
from trees recelving application of complete ferti-
lizer were selected for the study. The dally dose
needed for protection was near 10 gm. At this
level, differences were not apparent between apples
from fertilized and unfertillized trees.

Wallace, T., and Zilva, S. B.
1933« The antiscorbutic potency of apples VI.
Blochems J., gz; 693698,

Bramley's Seedling and King Edward VII apples
were used in the study. The concentrstion of
ascorble aclid was determined by the biological
assay method veed in previous studlies of this
series (EBracewell, Hoyle, and Zilva, Med. Res.
Council, Spec. Rept. Ser., , 146, 1950).

The nitrogen content of The frult was lowered
by substituting "grass® for arable culture and by
bark-ringing vigorous trees. Apples in which the
concentration of nitrogen was lowered showed a cone
slstently high antiscorbutiec asctivity. Although
the nitrogen content and the vitamin ¢ content of
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the apples were always inversely related, there was
no striet proportionallity between them.

Acldity, sucrose, and ash constituents ahawad
no correlation with the vitamin activity.

The decreases in nitrogen content in all ceses
were nssoclated with increases in the ratio, total
sugars/nitrogen, the increases being due to lowered
values for nitrogen and increased high velues for
total sugars.

Zilve, 8. 8., Kildd, F., and West, C.

1933, The effect on the vitamin ¢ content of apples of
storage in the frozen state in the presence and
abaence of molecular oxygen.

Food Invest. Bd. Eﬁpta* Gt. Brit. 8c¢i., and
Indust. Res. Dept. 1833, 80,

Bramley's Seedling apples wa y frogen and
gstored in air at »By »10, and =~ Ce 8nd in a
vacuum at ~20° C. Tha samples ware snalyzed for
ascorble acid content by the blologlesl method.
Conaiderable quantities of the vitamin in the
apples stored in air were destroyed, while very
1ittle was lost in the apples stored in a vacuums

Batchelder, E. L.

1934, Viﬁ&min ¢ in Deliciouns apples before and after
storage.
Js Nutr., ’7, 647654 o

The biologleal method of Sherman and Smith
(Jd Amer. Chem. ﬁW', 44 5 13@"'1‘?2, 19:‘.’3@) for the
determination of sscorblc acid was followed with
a8 few changes,

The concentration of vitamin ¢ in Delicious
apples grown in Washlngton was determined when
freshly pieked and after storasge. Three sets of
determinations were mede. In the first set, the
epples were fed from October to Degembsr; in the
second, from January to Mgroh; and in the third,
from March to May. The apples fed in the fall
were stored at 32° F. The winter and spring tests
included a g 1@3 gtored at 45° P, as well as those
held at 38
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The vitamin C content of the apples was .04 .
t0 OB units per gram. No loss of vitamin C was e
evident after storage for 6 months at 32° P, About
one-slxth of the ascorbic aclid in the apples was
lost after storage at 45° ¥, for three months, and
about one«~fourth after six months at this tempera-
ture.

Menville, I. A., McMinis, A. 8., and Chulnard, F. G.
1934, Vitamin studies on apples 1. The vitamins A, B,
and ¢ content of the Reme Beauty, Delliclous,
Staymen, Yellow Newton, and Winesap,.
Je Amer. Diet. Assoc., 10, 138-152,

The concentration of vitamin C was determined
by the biological methods The vitamin C content
of the Delicious, Rome Beauty, Staymen, and Winesap
wae 3 units, whiie thet of the Yellow Newtown was 6.

Smith, G« Ge, 8nd Fellers, C. R.

1934, Vitamin ¢ content of twenty-one Massachusetts
grown varieties of apples. '
Proc. Amer, 3o0c. Hort. ﬂﬂif-, é&, BO=BH

The vitamin ¢ content of 21 varieties of apples
was determined by the method of Sherman, Laler, and
Gumpbal& (30 Amer, Chem. g%o' M, 3.85*‘173, 1922)-
Beasunal or other variation, execept storgge, caused
1ittle change in the vitamin C content in any one
verietys The vitamin ¢ econtent of an apple varlety
seems to be unrelated to the chromosome number.

211%, Be Be, K&dd, Foy Wost, Cu, and Porry, E¢O.Ve
1934, Vitamin C content of apples.
Food Invest. Bde Repte, Gt. Brit. 8ci. and
Indust. Res. Dept. 1934, 164165,

The red peel of Bramley's Seedling apples was
found to be muech more potent in vitamin ¢ than the
green peel. :

Apples plcked in mideSeptember were stored in
pure oxygen and in pure nitrogen at 1° C. Up to
the middle of December, blologleal tests carried ‘
out {using peeled fruit) by the prophylactic method
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did not reveal any difference in asscorbic acid
content of the stored apples, Both samples
geemed as potent antiscorbutlecally as the freshly
pleked frult,

Batechelder, E, L, and Overholser, E. L.
1956, Factore aeffecting the vitamin C content of apples.
Je Agr. HE8., gﬁ, 547-581.

A modification of the method of Sherman, ,
LaMer, and Campbell (J. Amer, Chem. Soc,, 44, 165-
172, 1922) was used in the determination oF the
concentration of ascorblec scld In the applea.
Delicious and Winesap apples were used In the
testa, :
The ratio of leaf ares to frult affected the
vitamin ¢ content of the apples only as it affected
the size of fruit produced. The smallsr apples
appeared to be higher in vitamin C content than the
larger ones, but when the ratio of skin to pulp was
taken into account, the same concentration of vita
min C was present in the tissanes of apples grown
under widely different leaf-frult ratios,.

Storage at 409 P, resulted in & greater loss
of vitamin C than 4id storege at 32% F.

Dove, W. F., and Murphy, E.
1938 The wvitemin C content of spples and 1ts relstion
to human welfare.

Science, 83, 325~327.

In reglons sdapted to apple production, varie-
ties of apples high in ascorble secld content can be
depended upon as. the prinsipal source of vitamin C.
Diffiocultisas have bsen encountered in attempts to
consider vitamin enrlchment in frult-breeding proe
grams, One problem ls that of educsating the cone
sumer to llke new varieties. ,

The second diffloulty 1s that the generation
process in the frult tree is slow and expensive.

Preliminary tests were made on the leaves of
Northern Spy and Meintesh apple treeas, The indo-
phenol titration method was used to determine the
sscorbic scld eontent, NHorthern Spy apples were
five or six times as potent in vitamin C es
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MeIntosh apples, The lesves of MoIntosh apple
trees contained only two-thlrds as much of the

vitamin as the leaves of Northern 8py.

It is suggested that in breeding new varie-
ties of apples for high vitamin ¢ content the

leaves of seedlings may be tested long

before the

trees will bear frult, and thus save tinme,.

Manville, TI. A+, McMinis, A, 8., and Chulnard, F. G.

1936, Vihamin studies on apples.
Food He#i+, 1, 121-140.

The vitamin C content of apples, as snalyzed
by the blologleal method, does not appear to be

1&%»6 to chromogome number,.

The vitamin C values of apples studied were:

Arkensas Black £+56 units per ounce
Baldwin 2+8=3,0 units per ounce
Dellclious 2+5 unlts per ounce
Gravenstelin 3«7 units per ounce
Jonathan 1.5#2.0 units per ounce
8pitzenbery 7«0 units per ounce
Winesap , 340 units per ounce
Rudra, M. Ne

1936, Distribution of vitamin ¢ in different parts of

common Indian foodstuffa.
Biochem, Ja; mp TOYTOS

The Indophenol titration method was used to
determine the ascorbice acld content of foods,.

In fresh and young frults and vegetables the
sacorblo acid in the skin wes lnvariebly more cone
gentrated then in the flesh, but 1ln samples stored
for some time the asscorble acld in the skin was
sometimes less concentrated than that in the

fleah.

Curran, K. M., Tresgsier, D. K ;{ and King, C« G.

1987« Loases mr vitamin C du
Spy apples.
Food Res., £, 549~557.

ng cooking of Noerthern

The ascorble acld content of the apples was
determined by the method of Bessey and King (J. Blol.



~183=

Chem., 103, 687698, 1933) as modified by Mack and
&raauia “{ds Blole Chems, 118, 785.748, 1937). Both
the reduced and oxldized forms of the vitamin were
mens vred,. Biologloael asgsays also were made.

~ The vitamin ¢ content of the raw Rorthern Spy
apples wes epproximately 1l mg. per 100 gms Apple
sauce mads from peelsd or unpeslsd frult eontained
7 mge ascorbic acid ﬁﬁﬁi&@@»gﬁm Unstrained sauce
from peelsd apples retained 75 per cent of the
total original ascorble scid,; while the strsined
ssuce made Lrom unpeeled apples reteined 62 per cent,

k&»ywaa&mu&tizéa@ per cent of the ascorbie acid

was lost when spples were baked. The same amount was
loat during the hﬂkﬁag-af.ﬂgg&m ple. After the ple
had atood for 48 hours, the loss was increased to
88 per cent, TR - ,

Theynton, e Co . . ’ SR
1957 Carvon dlexide storage XI. The effect of COg on
«  the sscorble acid content of some frults and
vegetablen, |
Proc. Amer. 8oe, Hort. 8e¢i., 35, 200801,

\ - The asgorble aclid content of the frults and
vegetables wae determined by the indophencl titra-
tion method., , * , .
Northern Spy, Baldwin, snd Russet apples werse
tested after exposurs to varions consentrations of
C0g for as long as 10 days at various Semperstures.
¥o changes in ascorble acid content were deteocted,

Todhunter, E. Ks ‘
1937, The autritive walue of spples.
' W“ﬁwﬁ&&’b Exp. Btas Pops. Mw; 1584

~ Phe chemicel composition snd vitamin value of
apples are dlscussed. Factors affecting the vitenin
¢ content @fﬁggp&@n,&ma reviewsd. A table showing
§h~ zitnmin its in different wverieties of spples
B glven. : ;

hy, By |
58,  Vitemin C and light. | | |
Proc. Amer. 8cc, Hort. Sol., 86, 498499,
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The observation that larger amounts of vitamin C
gre present in the periphery than nearer the center
of ocertein frults and vegetables indicates that light
is probably one of the factors influencing production
of vitemin G, , ‘

The "sunny” side of the apple contained larger
amounts of vitamin ¢ than the "shady” side. Fifty
pairs gf tests were completed, using nine varieties
of apples. ‘ »

Eighteen pairs of determinations were msde on
comparable peeled samples of apples. The vitamin ¢
econtent of the "sunny" side exceeded that of the
Yahady" side in 15 of the 18 palrs of tests,

Eleven palrs of determinations on unpeeled comw
parable samples were mede. The sscorbie acid content
‘of the "sunny™ side was highest in 10 of the tests.

%wwn@gwana,gn&ra of tests were made comparing
the "sunny shady" sides of the same apple.

: " and
Again the "sunny™ side was highest in 17 cases.

The titrimetric method s modified by Bessey
and King (J. Blol. Chem., 103, 687-698, 1933) was used.

Pasch, K.
1938, Uber den Vitamin C-Gebslt deutscher Apfel.
Z. Untersuch. Lebensmitt., 78, 254-230.

~ The indophenol titration method was used.
Twelve varisties of apples were analysged. The
concentration of vitamin C was again determined
sfter storage of the fyrult at 3.5 C. There were
no losses of the vitamin in epples stored st this
temperature as long sz the frult remsined sound.

Zilve, 8. 8., Eldd, Fe., and West, 0.

1958, %yagihﬁe asid in the metabellism of the apple
palt : :
New Phytologlst, 37, 345-357,

Bramley's Seedling apples were used for the
tests. The voncentration of asocorbic acld was de-
termined by titration with indophenol, as well as
by bilologleal tests with gulnea pigs,

It was found that vitamin ¢ was present in
apples in both the reduced and oxidiszed forms
(ascorbic scid and dehydrosscorblie aeld). Although
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the total gquantity of vitamin C present in the two
forms remained constant, per unit of welght,
throughout the growth of the apple, there was a
change in the relative proportions of the two forms,
As the apple approsched maturity the proportion of
ascorblic sclid increased, and that of dehydro~
ascorble acld decressed.

Johensson, E.

1939, Determinations of ascorbic scid content of fruits
and fruit products, some vegetables, and other
plants (English Summary).

Arsskr. Alnerps Lantbr., Yejerl. o. Tradgardsinst,

The concentration of ascorble acid, as determined
by titration with 2,6~-dichlorophenclindophenol, in
150 varieties of apples is reported,

In general, the early varietles had a lower
gscorbic scid content than the late ones., One
variety, the White Winter Caslville, which contained
about 50 mg. per cent ascorble acid, was much
superior to all other varleties,

The ascorble acid content was greater in the
mgra highly colored half of the frult than in the
other.

When apples were stored at a low temperature
(2-4% C.), the losa of ascorbic acld was small,

Kesaler, W, \

1939+ Uber den Vitamin C~Gehalt deutscher Apfelsorten
und selne Abhangegkelt von Herkunft, Lichtgenuse,
Dungung, Dichte des Behanges und Lagerung.
Gartenbauwiss,, 13, 619-638,

The ascorble acid content of a number of varle~
ties of epples, exclusive of peel, was determined
by titration against indophenol dye. The Rote
Stern Rennette contained the least (0.3 mg. per
100 gm*g and the Ontario the most (23.4 mg. per
100 gm.) mscorbic acid of the varleties tested.

For & glven veriety, semples from southern Germany
were generally a richer source of vitamin ¢ than
those from the north. .

The concentration of ascorbie acid was 30 to

50 per cent higher on the side of the frult exposed
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to the sun than on the side which ripened in the
shade. ‘

Apples from trees with & heavy ¢rop load cone
tained less vitamin ¢ than those from trees with
fewer apples.

agglea stored at temperatures below 8% ¢, for
5 months lost very little vitamin C.

Rudolph, We.
1939, Uber den Vitamin C-(ehalt der Apfel.
Ernshrung, 4, 161~171.

A review of the investigations mede 1n meny
eountries concerning the vitamin ¢ content of
apples is glven.

Ruffley, Je, Clague, J. A., and Fellers, C. R.

1939. Canned beked sapples. Determining sultable varie-
ties for this pack; grading; factors in baking
gqualitys vitamin retentlon and losa.

Canning Age, 20, 179~18l.

The concentration of ascorble acid in Baldwin,
Northern 8py, York, Deliclous, and Rhode Island
Greenlng apples wes determined. Comparable samples
of each variety were glaged or baked, and then
canned, The vitamin C retention of canned baked
apples was compered with that of canned gleged
apples. .

The dye titration method was used,

Todhunter, E+ Na.

1939, Further studies on the vitamin A and ¢ content
of Washington grown apples,
Wash. Agr. Exp. Sta. Bul. 378,

Winesap apples from fertillized plots haed no
higher vitemin C content than frult from unfertie
1ized plots.

As snalyzed by bleologlesl assay, apples of the
Jonathan and Deliclous verieties from the same
trees but differing in amount of red color were not
markedly different in vitamin ¢ eontent.

The conecentration of ascorbic acid in Esopus
(8pitzenbverg), Staymean Winesep, eand White Winter
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Pearmain apples was determined blologlcally also.
The ascorble content of Winter Benana apples was
determined by the dye titration method.

No difference 1In vitamin C content was found
between samples of Rome Beauty apples from two
irrigetion plots, one receiving 30, and the other,
60 sore~inches of water per season. Winesap spples
from plots receiving 60 acre-inches of water '
appeared to be higher in vitamin C than apples of
the same variety from plots recelving only 30 acre-
inches of wateyr,

Eheart, M. 3.

1941. Factors which affect the vitamin C content of
apples.
Va. Agr. Exp. Sta. Techs Bule 69,

A modification of the indophenol titration
method wes used for the determination of the vitamin
¢ content of apples,

The average ratlo between the vitamin C con-
2ogtrﬁtian in the peel and that in the flesh was

LR

Three of the varletlies studled showed a sige
nificant correlation, and ten showed no significant
correlation between size and vitamin C content,

Twenty-one varietles of apples were analyzed
when sufficiently ripe for & dessert apple. The
iégamin C content wvarled from 1.5 to B.4 mge per
100 gm.

In 19 varleties of apples, the concentretion
of dehydroascorble acld averaged 1B.2 per cent of
the reduced form. The concentration of the dehydro
form decreased during storage.

- The effect of ocooking was studled in York and
Albemarle Plppin applea. COwver 83 per cent of the
vitamin ¢ was lost when the apples were baked or
made into pie or sauce. Soaking in dllute salt
solubtlon before cooking preserved the vitamin C
content in apple aauce to & gramt extent.,

Storege of apples at 38° F., caused & progrege
sive loss of vitamin ¢ until only two-thirds of the
original amount remained after 24 weeks.
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Keys, O« Hs
1943. Vitamin ¢ in applaa and wthsr materinls.
New Zealand J. Scil. and Tech., 24B, 146-148.

A modification of the indophenol titration
method was used Lo determine the vitamin C content
of the foods tested.

The vitamin ¢ content of applds varied chiefly
with variety, Sturmer apples were higher in vita-
min C (25 mg. per 100 gm.) than any other variety
tested, with the peel containing five or six times
as much 88 the flesh,

Apples held in cold storage retained thelr
vitemin ¢ over an 8-monthe-perlod, but those held
in gas storage showed marked losses.

Fiﬁh Ve Bs

1@43. The effect of storage upon the ascorble scid
content of some West Virginia mpples.
Proc. Amer. Boo. Hort. Sel., 43, 73«78,

The method used for determining the ascorble
acld content was based on that reported by Clegg
and Satterfleld (J. Amer, Diet, Assoc., 16, 35-42,
1940). PFor colored extracts the mathaé ‘o Harris,
Mapson, and Wang (Blochem. J., 36, 183-195, 1942)
was used.

The ascorbic acld content of six verleties of
apples (Grimes, Delleclous, Starking, York, Staymen,
and Rome) wea determined wher they were reaeived in
September and October and after storage st 0.2° ¢,
for 2 and 4 months, There was conslderable loss
of the vitamin during the first two months of store
age. The ascorblc acld was lost more rapldly from
the skin then from the flesh.

Todhunter, E. N.

1943, Some factors affecting the ascorbic acld value :
of frultas and vegetables of the Pacific Northwest.
gggﬁéggaa. Bcl. Congs, 6th, Berkeley, Callif., §,

»

Ascorbic acid ls well conserved in fruilts and
vegetables stored st low temperatures or preserved
by freezing., Much of the vitamin was lost, howsever,
when frogen frults and vagseableﬁ wore allawaﬁ to
stand after thawing.
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The skin of the apples and the seed coat of
green peas were several times &s rich in ascorblc
aclid as thﬂ rest of the tissues,

Fiah, VQ‘ Be;’ U&aﬁmn, R' BQ.‘, ﬁnd Mﬂrﬁn‘ R.-/ 3’

1944, The ascorble acld content of several varietles
of apples grown in West Virginia.
Proc, Amer. Soc. Hort. 3ais,~44, 196-200,

The method of Warall {Indust, and Eng. Chem,,
Ansl. Ed., 13, 793794, 1941) was used in the
analysis nf”?ha apples for vitamin C. Colored ex~
tracts were analyzed by & modification of the
mﬁthad proposed by Stotz (Je Labs and Clin. Med.,

‘ ﬁ@veral variatiam, snalyzed at approximately
the same stage of maturity, diffarad conaidarably
in ascorbic acld sontent,

Wealthy and MeIlntosh apples harveatad two
weoke before matugity lost asscorbic acld rapidlg
when stored at 20 C. Wealthy and MeIntosh epples
remaining on the trees continued to galn slightly
in sscorbic acid content for as long &s 42 days
after the normal picking time.

All verieties studied except Rome Beauty and
York Imperial lost ascorbiec ecld raplidly when
stored at 39 ﬁ. for short periods of tima'-

Kldson, E. B,
1944, The vitemin C content of Nelson spples.
New Zealand J, 3@1& and Tech,, 258B, 134~136.

The method of ﬁarris and Olliver (Biochem. J.,
36, 155~18%, 1942) was used in aﬁtimating the vitae
min ¢ content of the frult.

A number of varieties of apples grown commer-
cially in the Nelson district were tested. The
Sturmer variety was unusually rieh in the vitamin,
one sample contalning as much as 36 mg. per ocent.
The skin was approximately four times as rich as
the flesh,

When samples of Sturmer and Granny Smith apples
were held at room tempereture in the dark for three
months, about 90 per cent of the ascorbic scid
originelly present wes retainsd.
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Ce, and Zilva, 3. S,
Synthesis er vitemin ¢ in stored apples.
Blochem. J., 38, 105-108,

Samples of Bramley's Seedling apples were
pleked on July 2, July 20, August 10, and Cctober
12 end anslyzed f@r vitamin C. Eupliaaﬁa samples
were stored at 3° C. until Februayy 11, February
25, Mereh 10, and April 6, respectively, and upon
removal from storage were analyred for vitemin C.

The coneentration of sscorble acid was signifie

cantly higher in the stored than in the freshly
plcked fruit in all samples except the one picked
on Ootober 12. The data indlcate that synthesis
of vitamin ¢ in apples takes place on storsge and
that the sapseity for this synthesis diminishes

with the age of the frult.
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