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Abstract:

The average ascorbic acid content of the Montana-grown Mclntosh apples used in this study was found
to be 2.08 milligrams per 100 grams of raw apple. There was a significant decrease in the ascorbic acid
values of the apples during four months of storage at a temperature ranging from 32 to 40 degrees F.
and a relative humidity ranging from 60 to 86 per cent. The greatest decrease in the ascorbic acid value
of the apples occurred during the first month of storage. This was followed by an increase in ascorbic
acid during the second and third months of storage which suggests the possibility of vitamin C
synthesis in the apple. A reduction in ascorbic acid value was again noted during the fourth month of
storage. Throughout the storage period, data were obtained on the rate of evaporation in the apples and
changes in their moisture content due to respiration, and with these data the percentage losses of
ascorbic acid were computed on a dry basis. Baring four months of storage the average percentage loss
of ascorbic acid in the apples was slightly over 30 per cent while, at the end of one month of storage,
the loss amounted to 37.5 per cent. Consistent results were obtained to show that the concentration of
ascorbic acid is more than 2 or 3 times greater in the outer area than in the inner area of the McIntosh

apple.

Although the individual apples differed somewhat in density and ascorbic acid value, there appeared to
be no correlation between the density and the ascorbic acid value of an apple. The total acidity of the
apples was found to decrease steadily throughout storage. However, the pH values showed a slight
tendency to fluctuate. The pectic acid content was reduced more than 50 per cent during three months
of storage.

The scores recorded by a panel of judges indicated that the most-noticeable changes occurring in the
apples during storage were decreased firmness and juiciness, accompanied by wrinkling of the skin.

In general, cookery of the apples results in large percentage losses of ascorbic acid.
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~ ABSTRACT |

The average ascorbic acid ‘conter'lt of the Montana—grqwn McIntosh apples
uéed in this study was found to be 2.08tmi_lligrams per 100 grams of raw
apple. There was é significant decrease in the ascorb:ic acid values of the
apples during four _monfhs of étorage at a temperature ranging from 32 to 4o
degrees F. and a relative humidity ranging from 60 to g6 per cent. The
greatest decrease in the ascorbic acici value of the apples occurred during the
first month of storage. This was followed by an increase in ascorbic acici”
du.ring the second and third months of storage which suggests the pés'si'biiit:y
of vitamin C synthesis in the apple. A reduction in ascorbic acid valure was
again noted d.uring the fourth month of storage. Throu‘ghoui; the storage 4
perlod., data, were obtained on the rate of evaporation in the apples and
changes in their mo:.sture content. due to respiration, and with these data the
percentage losses of émscorbic acid were compubted on a dry basis. During four
months of sterage the average percentage loss of ascorbic acid in the apples
was slightly over 30 per cent while, at the end of one month of storage, the
losg amounted to 37.5 per cent. Consistent results .were obta;ined to show
tl&atl the concentration of ascorbic acid is more than 2 or 3 times greater
in the outer area than in the inner area of the McIntosh apple.

Although the individual apples differed somevhat in.density and
éscorbic acid value, there appeared to be no correlation between the
'density and the ascoz;bic ;acid value of an eLpple. The total acidity of
the apples wag found to decrease steadily throughout stérage. " However,

the pH- values showed a slight tendency to fluctuate. The pectic acid
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content was reduced more than 50 p'er cent dul*ing three months of
stqfage, . |

The scores recorded by a panel of Judges indicated that the‘ mogt.
noticeable changes occurrih;g in the apples during storage were decreased
firmness and juiciness, accompanied by wrinkling of the skin. ‘

In general, cookery of the apples results in large percentage

losses of ascorbic acid.
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THE EFFECT OF STORAGE ON THE Q,ﬁALITIES AND ASCORBIC ACID CONTENT
OF MONTANA-GROWN McINTOSH APPLES T
' INTRODUGZION -
F;r many years, the apple has bteen one of the most 'widely-us,ed
fruits. Seversl factors have contribubed to its popuwlarity in the
Americen diet. In the first place, the.apple can be produced with rela-
tive ease in almost any part of tﬁe country, and then, the crop can be
stored for long periods of time undef favorable cé:ndifions. As a z;esult, :
the apple is a relativély inexpensive fruit that can be pﬁx;chas,éd at all
seasons of the year. Farthermore, the natural quelities of the apple
itgelf--a pleasing aroma and flavox;, a crisp texture, and a versatility
for cookery purposes, have made it a general favorite.
" Throughout the United States, there are being produced many varisties
of apples, each exhibiting characteristic qualities. The popularity of a
variety depends on the desirability of these qualities, and may change
during a period of years. For e;xami)le, Gould (18)* has recently stated
that in 1928 there.wer? ten leading varieties of apples, each coming-
within the range of 4.1 to 8.4 per cent of the total commercial .production.
However, in 1943 the Delicious apple led with 16 per cent of the total
production and tﬁe McIntogh ceme .next with 10.5 per cent.-
In Monf;ana, extensive planting of apple trees began about 19‘06°
Johnson, in his study of thé McIntosh apple industry in Western Montana,
1929 (23), reported that nearly all of the plantings after 1920 wez"e of the

McIntosh variety. He found that most of fhe'~high grade McIntosh apples

#* numbers in parentheses refer to literature cited.
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were shipped to the New York market and were sold at a premium above’
other variefies ‘of western apples. A 1935 fruit survey in Monta:na (%) |
revealed that of 355,976 apple trees, 71_!..85 per cent were of the Mcln-
tosh variety. Also in a2 recent qonxrmmication from an agricultural -
statistician in Montana (31) the statement is made that sbout 90.per-cen‘b
of the épple production in the commercial apple counties of Montana is
of the McIntosh variety,‘ This steadily growing preference for the
McIntosh apple can .doubtless be 'attributed’ to the desirability of its |
quelities. In addition to an attractive bright red skin coloring, it
has a crisp, juicy, tender texture, a tart aromatic flavor, and 1end§
itself to a wide \‘rariety of uses, whether raw or cookédo

While the appearance and flavor of a food 1.9“rge1l3r influence itg
,markef value, it is egually ‘important to give some consideration to its
mtritive value. Since the production and usé of the McIntosh apple in
Montona is graduelly increasing, the congumers are justified in asking
for some informstion about the nutrients contrituted by this popular
fruit, O-ne' of the more essential nutrients usually found in fruits is
vitamin G or ascorbic acid, so it would seem expedient to obtain some
information about the contént of this vitamin in the Montana-grown
McIntosh spple. In 1934, Feéllers in Massachusetts (9) J;'ateq varieties
of apples in the decr_éasing order of their vitamin C content and ﬁlaced ‘
the McIntosh apple in growp U4 as a poor gource of vitamin C. Recently,
Figh and co-workers (13) determined the ascorbic acid contegt of several
verieties of West Virginia apples and found that the McIntosh contained

7 to 10 milligrams per 100 grams of tissue, which would class it among

>
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" the poorer sources. It might be expected that the McIntos'l'?. apple as
grown in Ménta,na would be comparable in ascorbic acid.content to the
McIntosh as grown in other parts of.the United States, but Maynard snd
Beeson (36) have suggested that -diff erences in climatic conditions may
meke a significant difference in vitamin C velues. They state that of
climatic factors, light seems to have the preponderat:.ng influence on
the accamulation of ascorbic acid in plsnts. | |

In addition, it is recognized thsb ce:'ctain methoéts«.of treatment, sﬁch
as stoi‘age or cookery, affect the nutritional walue of plant materials. Very
little has been reported on the effects of storage on the ascorbic acid
.content of'Mthtc;sh apples, and yet most of the apples have been subjected
to a period of storage before being used. Farthermore, no information
seems to. be available on thé losses of ascorbic acid in McI“ntosh apples -
during cookery processes and yet. many of thé applesg are cookec‘z'before being
consumed, it is therei_'ore apparent that thére is a need for specific in-
formation concerning the retention of ascorbic acid in the McIntosh apbles
produced in Montana. |

As & means of securing such needed nutritional information, this
study was planned to determine the qualities and ascorbic acid content
of Montana-grown McIntosh apples, when placed in storage _and ab monthly
intervals 'during four months of storage, the apples to be tested both

raw and cooked.
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HISTORICAL BACKGROUND
Interest was shown_in the mutritive value of apples as early as
. 1916 when Rubner (L3) preseﬁted analytical date giving the composition of
apples and other winter :E‘rgz,its_ and vegetables. However, an indication of i
the presence of vitamin € in applés seems to have appeared for the first
time in the reports of Givens, McClugage, and Va:n Horne in 1921 and
1922 (15,16). They found that a per diem dose of 10 gram.s of raw apple
would‘protect a guinéa pig against scurvy for three months, while
protection was not secured by an equivalent amouﬁt of apple coo‘ked at
100 degrees C for fifteen minutes. A few years later, Kohmen, Eddy,
and Carlsson (29) conducted similar studies and found that 15 grams of
rav appie fed every other day proved insuf_ficient 1;0 prétecﬁ from.scurvy.
Of the apples‘held. in cbld 'storage from-ch;o'ber to March, about twice the
feled.:lng dose was required to produce the same effect as With fresh apples.
~Another early report on the vitamin C content of apples appeared in 1929
in which Heésler; acnd Craig (21) stated that when 20 grams of raw' Jonathan
apples were fed daily to guinea pigs during the period from Septerh'ber: to
December, ttiley did not quite give protection ageinst scurvy. “From Decémber
to February, 30- to Y0 grems of raw apple were required to afford the same
degree of protection. At asbout the same time a group of Englisil workers
(5) reported t‘h‘é vitamin ¢ content of English varieties of epples. They
found that the vitamin ¢ in th.e‘ peel of the Eapp.le wags three or four times
as concentrated as that in the outer cortex and six times as conéentratéd_
as that in the immer cortex. Givens‘,' McClugage, and Van Horne (16),

Fellers (11), Manville, McMinis, snd Chuinard (34), Todhunter (Lg),

o . : »
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Batchelder and Overholzer (W, Kolesnik‘(jo),,Eheért (8), Keys (20,27),
and Gross (19) all gave evidence to substanbiate the belief that the
peel is a much richer source of vitamin ¢ than the inner portion of the
apple. Zilva, Xidd, West, and Perry (54), English ﬁorkers, went further
to state tﬁat in addition to being more concentrated near the skin,vitamin
C was more-concentrated in the red peel -of Bramley apples than in the green
peel, A similar conclusion was made by Kessler (25) working with‘éerman
apple variebies, that fruit which had fipened uﬂévenly bedausé of shading
had %0 to 50.per cent more ascorbic acid on the red side. He attributed
this increagse in vitamin ¢ to light intensity. .Maynérd and Beeson (36)
also concluded that.light affected vitamin ¢ content, showing, for instance,
that the quantity of aseorbic_acid in fruit growing on different parts of
one tree may be proportional to the amount of light received during ripeg—
ing. Todlunter (36) concluded that fruit on the outer exposed . branches
had conéistently higﬁer ascorbic acid content thaﬁ fruit from the inner.
branches, |

There has been conside:able evidence, in addition to tha®t shown
in early wérk (21,29) to indicate'that storage, algo, hag a marked
influence on the ascorbic acid content of apples. Fellers, Cleveland,
"and Clague (10) reported s 20 per cent loss of.ascorbic‘acid in four to
six months of sto;age while Batchelder (3) reported a loss of 17 per.
éent after three months storage and 25 per cent loss after six mbnths” A
decrease of 12.4 to 52.5 per cent of the initial value on storage was‘shown‘
by Kolesnik (30). Studies by Marsh (35) and by Manville et al (34) both |

revesled reduction of vitamin € content during storage of abpleé.

- g ) ) .o
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Pigh (12) found that, in ge:neral, there was considerasble loss of ascorbic
acid during the first two months of sforage tat during the second two
months there was only a small additionsl lo_ss. He further indicéted. that
ascorbic acid was lost from the skin more rapidlyi thap from the flesh
during storage. _On.- the other hand, Keys (26) reported T,hat New Zealand-
grown Sturmer apples were relabtively rich in vitamin ¢ and maintained high
values after many months of storage.

Losses of ascorbic acid appear to vary with storage temperature.
Kessler (25) noted that the storage of apples at é temperature below 5
degrees C. for five mo-mths resulted in very little loss of vitam:.n c.
Bracewell et al (5) stated that the V1tam1n C content of Bramley
Seedling apples grown in England was unchanged after storage in air
at 3 degrees C. for five months, but Todhunter (49) thought that a storage .
te.mperatu're above 32 degrees F. (0 degrees G) did not favor vitamin C
retention. Bheart (&) concluded that losses of vitamin C were, greatly
reduced if the apples were stored bslow Lo degrees T, (4.5 degrees C.) -
and Batchelder ()-L) bel‘ieved( there was more loss at 40 than a.f. 32 degrees
F. West and Zilva (52) have recently reported a different effect of
sto1‘age, a tendency toward a noticeable increase in the total vitamin §
conteni‘f of zpples., especially with early picked fruit, thus suggesting the
possibility of synthesis of vitemin C in stored apples. It was pot gspecified
whether the compound synthesized was ascorbic acid or dehydro-ascorbic secid.

In addition to the preservation of ascorbic acid content, storége
conditions may also affect the keeping quality of apples. Tor example,

Riviere and Pichard (L2) concluded from a storage study that fruits stored

s ik
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in darkness kept longer than those stored in light. Potter (329) and
Rassmussen (Y1) found that storage at 30 degrees F. lengthened the keeping
life of the HcIntosh -varie‘sy, élthough the U'.ltimate‘ quality was not equal
%o that resulti‘ng from stofa.ge at 32, degrees F. ﬁeller, St. John, and
Rowell (37), Haller (20), and Kertesz (i) reported changes in the quality
and quéntity of peq‘uic constituents dﬁring storage. Haller stated further
that the rate of conversion at d_ifferenii, temperatures was vproportiomal to
the rate of softening of szpples in storage. Batchelder (3) concluded that
the ‘;ariety of apvle and the temperature end composition of the storage
atmosphere were also important factors. |

The effect of cookery on the ascorbic acid content of apples has been
the subject of a number of stl’xdi‘es, the earliest 'be;‘.ng that of Givens,
‘McClugage, and Vaen Horne (15), ’éreviously cited. Hessler and Williams (22)
reported that sauce. mé.de from apples, of which' 20 grams of the 'u.ncooked'
apple protected guinea pigs from scurvy, was of practically no value:,
Todhunter (48) noted a 50 per cent loss of vitemin O in p‘reparing sauce
from Winesap apples, while Curran and co-workers (6), making chemical
analyses for ascorbic acid, noted losses when apples were bakéd. or used
for ssuce or pie. Keys (26) was also aware that oxidation of vitamin C
was rapid when apples' were heated.

The Quéstion of relationship between fertilizer in the soil and
the initial vitamin C conten$ of apples has been a controversial one;,
. Batchelder (2) reported that appiéé from tress recei%ring complete
Tfertilizer treatment seemed richer in vitamj..n C. Maynard- and. Beeson (36)

though, pointed out that it was not stated in the study by Batchelder

<
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Whether consideration was given to the position of the fruit oﬁ the t_ree; ‘
Nor was an_actudl soil deficiency established. Bracewell and co-workers (5)
. and - Todhunter (50)have _st‘ated that no evidence was obtained %o indicaéé -
a relationship between nitrogen and vitemin C. Kessler (25)’, on the
other hand, believed that over-fertilizing of: trees with nitrogen d.eprevssed
the agcorbic ao:id content of the fruit. Regarding quality, Smock and
- Boynton (-1+6) pointed out that a disadventage of increasing amounts of
nitrogen fertilizer-was an spparent. decrease in firmness of fruit at
harvest time. However the rates of softening dﬁring storage were not
increased.

Nutrition workers h’a've considered many other factors as having a
possible influence on the ascorbic acid content of apples. Todhunter (L9)
Presented a summary of these studies showing that season, age of tree,
immaturity of fruit when picked before normal harvesting ’time, chromo-
some number of the apples, total acidity, sugar or ash content appeared
to have no relation to the ascorbic é,qid content of apples 'but con—‘
cluded that variety seemed to be the chief factor a:f:‘fecting vitamin C
content, Whether data were obtained from bio}.ogical ‘agsay or from
chemical anaiyses of apples, there appears to be 2 wide range in ascorbic
acid content of the different varieties. EHessler and.ﬁrai‘g (21) stated
ﬁha£ 20 ;grsms of raw Jonathan did not gquite gi\}e protection from scurvy
to guinea pigs, while Manville, McMinis, and Chuinard (34) reported that
10 grams of Gravenstein gave protection.. Dove and Murphy (7) have shown
that -the Vitamin C content -of Northern Spy apples is five to six times that

of the McIntosh variety. Fish, Dustman, and Marsh (13) have a.naiyzed

&
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the ascorbic acid values of severé.l varieties of apples and have ciassifiecl
them according to vitamin C content., f‘oi‘ example, Duchess and Red Duchess
-contain 15 to 20 miiligrams of ascorbic acid per 100 gréms of tissue;
Golden Delicious, Jonatha.n,. Stayman Winesap, and Grimes Golden, 10 to 15
milligraméi and McIntosh, Maiden _Blusﬁ,_ Wagener, Wealthy, York Imperial,
Meiba,' and Rome Beauty, 7 to 10 _mi}.iigrams,

Maynard and Beeson (36) sumarized the qﬁastiqn of cal;ées of
variation in the vitamin C content of plants by noting that it seemed
Justifiable to conclude tha-t the sccomulation o:t_‘ aséor’oic acid in plants.

is a characteristic of species and variety and that this genetic influence

mey overwhelm any differences due to envirommental conditions.
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B EXPERIMENTAL PROCEDURE
The McIntosh apples used in this study were obtained through the

cooperation of the Hort:.culture d@artment from the Moen Orchard at
Bigfork, Montana, and were exira fancy grade with an avera,ge color con-
sistently over 66 per cenft and average size with 130 to 150 apples to a _
box. The apples, produced .By young -trees approximately twelve years old,
were all picked early in QOctober and pla_cied in common storage at about U0
degrees T, 'As soon as possible, several boxes of unwrapped a,pple.s were

transported to the laboratory for test material and were at once placed

in a permanent storage.

Storage conditions: Péxmiséiqn was gecured to storé fhe apples in a
"walk-in refrigerator" in the Student Union Building on the campus, where
fresh foods, including fruits, vegetables and meats, were stored at all
times. The refrigérator, eéuipped witk} an air cooling unit, maintained a
temperature ranging from 32 to U0 degrees F. ( 0 to 4.5 d_egx"ees 0. ) accord-
~ing to readings taken each week. The relative huﬁidiﬁy was also observed
weekly and was found to range from 60 Ato‘ 86 per cent, as determined by a
Taylor hygrometer. The bf)ies“of apples were placed on ghelves in the
refrigerator early in November and were stored ‘c'here through March, _At
monthly intervals they were sorted and tile few bruised or spoiled spples
were discarded. ‘

Logs of weight of'amoles during storage: To observe the loss of weight

by evaporation during storage, four apples were selected at rsndom from .
each of three boxes and put into cheesecloth bags, which were buried in the

center of the respective boxes.- The weight o:t‘ each 'bag of apples was taken
“at the beginning of the storage perlod. and at monthly intervals thereafter.

3
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Any loss of Weight was assumed %o be an indication of the loss that occurred . .
in the apples throughout the box.

Moigture content: The moisture content of the apples was debermined at

the beginning of the permanent storage peridd and at monthly intérvals
' tl;ereafter so that the ascorbic acid values_c;ould be computed o'n both
moist and dry bases. For this test, a modification of the A4.0.4.0.*
method ( 1 )' was used, ,AA5-gram fad.ial section of apple, consisting of
both peel and fllesh, was pulped with u;ortar and pestle and spread as
evenly as possible over the ottom of a weighed metal dish provided with

a bightly fitted éover., The sample and dish were weighed and. dried in a
vacuum oven at a-pressure of about.25 mm. of ,_ﬁercury and at 70 degrees C.
for eight hours. At the end of the drying period, the dish was covered,
placed in a desiccator to cool and ﬁhén weighed., ZFrom these data it was
possible to compute moisture loss. This test was repeated with samples
from five different apples at each of the mpnthly testing periods.

pE -value: It seemed desirable to measure periodically the pH value of
several apples to find whether a relationship existed between this factor l
a;nd tile ascorbic acid content., A 10-gram radial section of apple, both
peel and flesh, was dropped into 100 ml. of distilled water and blended
for four minﬁtes in a Waring;‘ Ble_nd.or. Affez; filtering the mixture, the

pH value of the filtrate was determined using a glass electrode and a
Cameron pH'metér. The pH values for five apples were obtainéd at each test-
ing period. |

Potal acidity: Total acidity was also determined at monthly intervals to

# Association of Official Agricultural Chemists
CONTRNA SIAYE SOLLFGE
LIBRARY Be72fial
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ascertain changes occ.:urring in the gpples during étorage and to note any
relationship between total acidity end ascorbic acid content. The solution
used in d.etermining total acidity was prepared according to the A.0.4.C.
~method (1) byy adding a 75-gram seample of raw apple to 200 ml. of dis-
tilled water and blending for four minutes ir a Wgring Blendox. The
solution was boiled for one hour, during which time ﬁa‘a er was added at
in’cervais to. replace water lost by_eva;éorétion, and then the solution

was transferred to & 500 ml. volumebtric flask, cooléd, made up to volume,
and filtered. Total acidity waé determined by titrating 25 ml. of this
solvtion with 0.1 N I\Ta,Oﬁ, using phenolplflthalein indicator, _A"b ecach Atest-
ingperiod, this determination was made on each of five apl;les, |
Pectic acid: Since péc’cic constituents o_f apPles héve been reported as
chenging during storage, tests were made to. determine the extent of the
change during three monthg of storage. The pectic acid content was
determined using the A.0.A.C. method (1). . A golution of apple was
prepared as for total acidity detérmination and 200 ml. were transferred

to a besker together with two lumps of cube suger. Addition of 200 ml.
of 95 per cent alcohol caused. th_e formation o‘f a precipitate ﬁhich was
filtered off and washed with tﬁe alcoliol. The precipitate was then
transferred to t‘he original beaker with hof water, evaporabted to about
40 ml, and cooled to 25 degrees C. To this were added 5 ml. of & solution
of Na0H (10 per cent) and water to make a total voiume_of 50 ml. The
solution was sllowed to stand 15 minutes before Y40 ml. of water and 10
ml.' of dilvte HOL were added., After boiling for 5 minutes, o pr’ecipitafe

of pectic acid was formed which was filtered off and washed -with hot
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water., The precipi‘tate was v:gshed back into the originai beaker, the’
volume Was agein adjusted to LO ml. and the solution was cooled to 25
degrees 0. The saponificé,tion with dilute NaOH, precipitation with dilute
HC1l, and boiling were repeated, The precipitate of pectic acid.was washed
thoroughly with hot water,. transferred to a porcelain cmcibie and dried
in an electric oven for 24 hours at 65 degrees C. The dried sample was
weighed, ignited and weighed -again. The lqss in v.;eight repreéented the
gmount of pectic. acid in the apple sample, '

Starch: A qualitative test for starch was made by dropping iodiné
solution on apple slices. A blue coloration woyld indicate the presénce
of starch. _ ' | |

Dengity: It seemed desirable to ;néasure the density of the M'cIntosh I-
. appies used in this study so that é,ny possi'blé z,'el.ations‘hip which might
exist between their densities aﬁd their aséorbic acid content could be
noted. The density of the apples was determmined from a weight-volume
relationship obtained by weighing each of ten apples in air ahd also
submerged in_ water. .

Ascorbic acid debtermination: Analyses were made to determine the

ascorbic acid values o‘f the Montana-grown McIntosh apples when placed

in storage and at monthly intervals throughout s.torage, The Loeffler
and Ponting method (32) for determining asgofbic acid was used on each
of the ten aﬁples whose d.ensi’ciés ‘had beep previously determined, The

- method. is based on the priﬁciple that under suitable experimental con~ -
ditions, ascorbic acid seems to quantitatively réduce certain colored re-

agents (28). In this case, the blue dye, 2, 6-dichlorobenzenoneindophenol,
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was the colored compound and the'colof.changes Were recorded én the

galvanometer of an Evelyn photoelectric colorimeter.
a.ﬂStandardizétion of -the dye

The instrument was adjusted to read "100" with di;s,til,led. water in
the colorimeter tube; Then the dye solution was made bﬁ adding dpprox-'
imately 13 mg. of 2, 6-d1chlorobenzenonelndophenol to 1 liter of ?1st111ed

‘water. With a Tapid dellvery plpette 9 ml. of dye solutlon were sdded
to 1 ml. of metaphosphorlc acid solution (L per cent) in a dry, polished
colorimeter tube. The tube was shaken slightly,'placed in the coloriﬁetér
and a gelvanometer ?eading was takeq ten seéondé‘aftef the-start of the
dye addition. This reading was called G, and from this was derived a

. - e

value called Ly using the calibration chart., The L value which is given
in the calibration table is obtained from the equation: L = (é - log @).
The average of .Ij vaiues_for three acid samples was used in_calculafion.
The L value was established each day or each time it was necessary to
change acid or dye solution during the day.

b.. Sampling and blending
)

.For the ascorbic acid test a 50-gram sample was taken from a cored,
unpeeled apple by cutting oppésing radisl sections not sxceeding % inh
in width at the skin edge. The sample was immediately dropped iﬁfo 350 ml,
of metaphosphoric acid solution (1 perwcent) and blended in a Waring
Blendor for U4 minutes. The resulting mixbture was filtered through
cogrse filter paper.

c. Testing for ascorbic acid
Into each of three clean, dry colorimeter tubes was'pipetted a

l1-ml. portion of the filtrate. To the first tube were added 9 ml., of
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d.isi_;illed water and with this tﬁbe inserted in the colel*imeter, the
- galvanometer was adjusted to ree,d W00, using Filter 520 and a 10 cc.
aperture. To the seconfl ‘tube were edded 9 ml. of dye solution fi‘om a
rapid deii%rery pipette. The tube was siightly agita’éed and & reading taken
10 eeconds after the start of the dye addition. The procedure for ‘o_he
second tube was repeated on the third tube and the average of the two
readings was called G, from which a corresponding velge called L, was
obi',ained.r from the calibration table accompanying the Evelyn photoelectric
colorimetef.

’d. Galculatio:}

The amount of ascorbic acid in the'sample solution was calculated by

use of the following equaiion: mg. of ascorbic acid per 100 grams of apple

- K (Ll—Lg) xml, (gn) acid extractant £ (pct. 1iquid in sample) (em.sample)
. gn. sample

The velue for the K factor is established for each colorimeter and in 194
wag found to be 10,8 for the instrument in this laboratory.

Ascorbic acid in areas of the spple: In determining the ascorbic acid

content of various areas of an apprle, slight _modifica‘bions of the method
previously described were ﬁsed.' A 2h-gram eample of the outer area was
taken by removing peel and flesh to a depth not exceedlng inch. The sample
Was blended With 175 ml. of metapnosphonc aclcl solutlon (1 per cent) and -
filtered. The ascorbic acid determination was mad.e in accordance w:Lth the
above method. . 4 25—gran"1 sample of the i'nr'xer flesh area (remsining after the
peel and outer % inch of flesh were removed) was also blended with 175 ml.

of metaphosphoric acid solution (1 per cent) and the ascor'b:.c acid content

determined. In cases where the ascorbic acid con’cent of the peel alone was,
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determined, 25 grams of peel were removed from the apples by the use of a
paring blade on.an apple éorer and the sample was .blended with 175 ml. of
metaphosphoric acid solution ( 1 per cent) and tested for ascorbic acid.

' J’ugging:. At each test period, a panel of five judges scored five apples,
selected at random from the b'oxes. They used 2 scorecard especially pre-
pared by the investigator, which provi-ded_for judéing'qual_ities of éppe'ar-—
ance, flavor, texture and juiciness. .(See p.age‘ 21_ foxr copy of scorecard).

It seemed of interes’c $o know how the quali'i;ies of the Montana-grown

McIntosh spple would rate during storage. .

Cookery processes: .Apples were subjected to three different methods of
cooker& so that the effect of. cookery on ascorbic acid content could be .
noted. |
2. Baked apples
Uni)eeled, corea apples, each with 6 grems of sugeir'acided, were
'coo_ked. in covered glass baking dishes for 25 to 30 ininutes at 350 glegrees
. Weig’hts were téken before and affer cooking., Samples weighing_ 50 |
grams ﬁvere removed from the cooled apples by using a éorei‘ to gu.i‘:, through
the skin from one side of the ap'iale to the opposite side. The saxﬁples weré
tested for ascorbic Vacid 'Ey the method previously described and peréenta,ge
losses die to c;)okery were detemineda‘
b. Apple pie
Pie crust w._as prepared according to standard method’ and was press_ed
iﬁto a pyrex pie 1.>a:n. Approximately 650 grams of 3/€ inch slices from
cored, peeled apples Wwere combined ;vith sugar, cinnesmon, flour and'-sali;.
. of known weight. A top crust was pressed into place and the pie was baked

- o - . ' B

il




Fos-

sible

score ,Quality

6 Colorof skin
dark red

al

rosy red with
dark gtreaks

o ~o

red mth yellow
spots

light red

green

5 Shaoe

uniformly curved

N w

flattened sides
rough dips or
bulges
misshapen

5 Conditionof skin
smooth

Nw ~O1

5

4

3 slightly
wrinkled

2

i

wrinkled

Apple Ho.
| 23]4

Scorecard for Judging Apples
Pos-

sible Apple Ho.

score ,Quality A I

5 Freedomfrom decay
and injury
unblemished
bruised

open bruises
decayed

5 Firmness

hard

_Nw ol

mealy
mushy

5 Juiciness
very juicy

3
4
5 firm
4
2
I

slightly dry

3
4
5 juicy
2
I dry

Pos-
sible Apple Ho.
score _ Quality 112 id12
5 Color of oulo
5 white
4
3 creamy
2
| brown
5 Texture of nuln
5 close,even grain
4
3 moderately dose
grain
2
I coarse grain
b Flavor
2 sour
6 moderately sweet
aid aromatic
5
4  sweet aid moder-
ately aromatic
3 bland
| bitter
47 Total Score I

Instructions to judges: For each characteristic, check the one word or set of words which best
describe the apple being judged.

al Scores with no accompanying description provided means for making intermediate judgments.
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" at 425 degrees F. for 50 minutes, Weights were taken before and after

baking., When cool, a 50-gram sample was removed in a wedge-shaped slice
extending from the outer edge to the center of the pie. Ascorbic acid

determination was made according to the previously described method and

percentage losses due to cooking were computed.

c. Apple sauce
Apple sauce was prepared by three differént methods and ascorbic acid
determnations were made on 50-—gram samples from each lot 'b;y ‘ahe method
previously d.escrlbed.
The methods of preparing épp‘le sam.é:e were:

1. Peel and core .225 ‘grams of apple. Cubt in eighths and add
directly to 50 grams of boiling water. Cook for 7 minutes
in a covéred utex-lsil,. Put apples througﬁ a Foléy food mill
and add 20 grams of sugar. ' | '

2. Core but do not peel 225 grams of apple and proceed as in
method 1.

3. Peel and core 225 grams of apple. Cut in eighths and add
directly t‘o 50 grams of boiling .water. Cook for 7 minutes -
in a covered utensil a.ﬁd then add 20 grams of sugar,
omitting the use of a f.ood. mill,

Ascorbic acid analyses were made tcla determine not only percentage losses
due to cookery, but. also to judge which method of preparation résult éd in

the highest retention of ascorbic acid.,
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P.;ESULTS

In presenting the results of this study it will be noted in table I,
that fhe average ascorbic acid content of the Monbtane-grown McIntosh
apple when placed in storage was 2.08 milligrams per 100 grams of raw
apple. A comparison of this value ﬁth those of other commonly-used; fruits
ind.ic;ates'that this“ appie is apparently a ré,’bher poor source of ascorbic .
acid. Tor examplev, the '_approximate asdorbig acid content of iOO grams of
strawberries is about 65 milligrams; of a banana‘ a’bout 10 milligrams; of
one-half of a medium-sized grapefmit, abou.t 40 milligrams; and of a éma.ll
orange, alout 60 milligrams,

It may also be seen in talle I that the average ascorbic acid values
of the apples used in this study apparently declined during storage. Thé
most pronounced decrease in ascorbic acid éeemed to take place 'i-n the first
month of storage, after which the values appeared to increase for a time,
only to diminish again during the fourth month of storage. It is of i_n’cerést
to note that the aversge ascorbic acid value é,t the end of four months of
storage was apparently not as low as that at ﬁhe end of one monthhof storage.
| As a means of determining the significance of .thesé apparent changeé in
ascorbic acid values shown in table I, the data were subjected to statistical
treatment, using analysis of variance following the method outlined by )
Snedecor (47), This analysis takes into consideration the variation in
ascorbic acid value of .the individual apples uéed in each monthly test and
the differences in the average asc.orbic acid values determined from xﬁonth
to month during storage. By means of this method, it is possible %o

determine whether the variation between months is more significant than the

»
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Tolle I. Ascorbic acid values of raw McIntosh apples determined at
monthly intervals during storage.

> . Ascorbic acid values of M-.chﬂ:osh apples ‘
Apple When placed Stored Stored - Stored - Stored
No. in one two . three four
storage month months months months
mg. /100gm. mg. /100gm.  mg.[100gm. mg./l00gm. mg.[100gm.
1 2.37 &f 1,33 1 1.27 1.36 1.69
2 © . 2.80 1.92 102 220 © 1.69
3 2.37 1.33 1.70 1.36 . 135
Ty 2,03 1.33 2,63 1.70 1.35
5 1.69 1.55 1.95 1.70 1.35
6 1.95 1,33 1.69 1,95 1.61
7 1.95 1.11 S99 2,20 . 1.69
g 2:03 1085 h 1.95 . 1.87 ’ .- 1«:95
9 1.78 0.52 1.69 1.36 1.4
10 - 1,78 1.03 . 1.95 2,20. 1.35
Av. 2,08  1.33 1,78 1.79 1,55

S.d. 0. 343 0.403 0.434 . " 0.351 ~0.209

af In analyzing dabe all values were transformed to amgular degrees
following the recommendation of Fisher amd Yates (1L).
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variation within the n:xo.nfhs. First, the individnal and group data for all
the monthly testing peridds were used and Athé‘ analysis is shown in table II
where ‘the ratio between the two mean squares indicates that the monthly
group averageés ‘differ'significantly among themselves. ‘ -

Since in table I there were apparent varia.tioris in the average
ascorbic acid values determined monthly during storage, the lowest being
recorded at the end of the first and four months of storage, it seemed
de;sirable to compare further each monthly group of ascorbic acid values
with those obtained at the fix"st testing period. From talbles III
‘and VI it is evident that the variance .of the ascorbic acid values
when placed in storage and their values affter one and four months of
storage is highly sienificant. Less significance is shown in the variance
between the ascorbic acid values of the apﬁles when ;p]:acéd in storage and

their values after two or three months of s'torage (tables IV and V).
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' Table II. Analysis of variance of ascorbic acid values of McIntosh
apples determined at monthly intervals during storage.

Source of variation Degrees of - Sum 6f -~ Mean.

fresdom - squares square’
. Between months Ch . 10,67 2.67 af
Within months . 15 30,19 0.678 -
Total : ) - 11,16

2/ Significent variation at a 5% level

Table III. Analysis of variance of ascorbic acid values of McIntosh
apples determined when placed in storage and after one month

of storage.
Sourée of variation Degrees of Sum of Mean
freedom squares square
Between months 1 14,03 T 14,03 8/
Within months 18 . 1kso 0.82
Total o 19 28.83 ‘

a/ Highly significant variation
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Table IV. Analysis of variance of ascorbic acid values of McInbtosh apoles

determined when placed in storage and after two months of storage.

Source of variation Degrees of Sum of Mean

freedom squares square
Between months ‘1 - 5.15 5.15 a/
Within months 18 12,71 0,68
Total T 19 ' 17.46

a/ Significant variation at a 5% level

‘Table V. Analysis of‘variaﬁbe of ascorbic acid values of McIntosh apples
determined when placed in storage snd after three monthg of
storage.

P ]

Source of Degrees of Sum of Mean
variation freedom squgres square
Between months 1 6.69 6.69 a/
Within months ’18 ‘ ‘9;14 0.51
Total 19 4 15.83

a/ Significant variation
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Table VI.  Analysis of variance of ascorbic acid values of McIntosh apples
determined when placed in storage and after four months of

storage.
Source of variation ' Degrees of ' ~ Sum of © Mean
freedom squares square
Between months 1 11.59 ‘ ' 11.59 af
Within months 18 6.12 0. 34
Potal | 19 | 17.71

af Highly significant veriation
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In additioﬁ to récording 1.;he ascorbic acid values of the apples‘a‘s
determined at monthly intervals during sforage, the values were compared to
determime the percentage 1osse§ of ascorbic acid from month to month. Before
‘ meking such a ‘comparison it was necessary to put the values on a-compa,rative
basis. One factor which ;,ffected the values of th_é stored apples was'their
change.in weight due to 1bss of 'moisture by evaporation. An indication of
these zﬁoisture losses was obtained from the weight loss of the bags of
apples which had been buried in the boxes of apples at the beginning of the
storage period. By 1J;se of these data it was possible to correct the
ascorbic acid values for evaporation and thus to have comparable values, all
based on the initial gross weight of the bags 'of apples, frpm which to
determine percentage losses of ascorbic acid during storage. These losses -
may be nqted in table VII where the greatest percentage decrease of

ascérbic acid seems to have occurred during the first month of storage while

there appears to have been an increase of gscorbic acid during the second and

third months. .It may be observed, also, that the percentage 1oss of ascorbic
acid after four months was sllg;htly more than 30 per cent, vhich is 1ess
than the percentage loss at the end of the first month.

Percentage losses computed on the basis of dry matier are presented
in table VIII. I% may be noted thé_t the average percentage of dry matter
appeared to decrease duriﬁg the third month of storage even though evap-
oration during this month was reported in the previous table. Such a
decrease in dry matter may have been due to regpiratory processes occurring
in the apples during storage, in which carbohydrates are converted to water

and carbon dioxide. (17).
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Table VII. Aversge percentage losses of ascorbic acid in Montasna-grown
McIntosh apples determined at monthly intervals during four
months of storage and corrected for moisture losses due to
evaporation, . . :

E

Percentage Av,ascorbic acid. content Averagepercent-

| of moisture ‘ corrected age loss of
Storage _ lost by of raw for - ascorbic
period ‘ ' evaporation apple _evapora~  acid
) ‘ : - . tion )
Pect, mg. /100 gm. mg. /100 gm. pct. |
When placed in storsge , 2,08 2.08 A
Stored one month 2.h 1.33 1.3%0 375
Stored two months 3.3 - 1.77 1.72 17.3
Stored three months 4,5 1.79 1.71 . 17.8
Stored four months 6,2 1.55 105 30.3
Av, ‘ b1 - 1.70 ~1.65

Table VIII. Aversge percentage losses of ascorbic acid in Montana-grown
McIntosh apples determined abt monthly intervals during four
months of storazge and calculated on a dry basis.

Average Av.ascorbic acid combent  Averagepercent-

- _ . percentage Gelculated  age loss of
Storage of dry of raw on.a dry ascorbic
period ’ matter " apple basis . acid
pet. mg. /100 gm., mg. 100 gu. pcth.

When placed in storage 15.L 2.08 13.47. _
Stored one month 5.4 1.33 g 2 37.5
Stored two months 15.8 1.78 10.€9 19,2
. Stored three monthg 15.3 1.79 11.15 . 17 2
Stored four months 16,1 1.55 9.01 331

Av. 15.6 1,70 10.59
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An 1nterest1ng fact is reported in table IX where it is shown that
’ uhe concentration of ascorbic acid was greater in the outer area of the
apple than in the inner area. This generél relation persisted throughount
storage.. The ratio of the valueg of the outer and inuner areas gradually ﬂ
declined during the first two months of storage, indicating that the
losses of ascorbic acid were greater from the Quter.area than from the
inner. ‘During the third month, however,'there seems to have been a rather
inexplainable increase in the ascorbic acid value of the outer areé,

In considering the ascorbic acid values of the apples, the gquestion
arises whether certain qualities such as dengity, pH, and totél écidity
‘might affect these Va.lwes, Since ascorbic acid is readily oxidized, it
seems possible that compact or 1oose structure in.ﬁhe apﬁle'might in-
fluence the amount of oxygen held w1th1n its tissues. An indication of
structure can be obta;ned by measuring the densities of the apples and
comparing them with their ascorbic acid values. These data are‘preéented. _
in table X. It will be noted fhat the individual applés vaired only |
slightly in denéity° Some computationé of correlabtion between the
densities and the corresponding ascorbic acid values were made uging the
formula recommended by Snedecor (U?), The results of the computations
revealed that no significant relation seemed to exist between the
densities and the ascorbic acid.values:ef.tﬁe apples.

In tatie XI are shown ﬁhé pH valués of the apples deterﬁined at
monthly intervals during four months of storage. In general, the pH
values increased as storage progréssed, indicating that the degree of

acidity was decreasing. It is interesting to note that during the third

"

T
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Table IX, The ascorbic acid values of thé inner and ouber areas of
Montana~grown McIntosh apples determined at monthly 1nterva1s
during three monthg of storage

Ascorbic acid values

Apple Yo. When placed Stored Stored Stored

" and in , i one two . three
ares : storage ' month monthg " months .
™ . mg. /100 gm. 4 mg. /100 gn. mg. /100 gm. mg. /100 2.
1- Inner 0.51 1.27 1,19 0.59
Outer - 2,29 .2 1,86 1.95
o Tnger = 1,02 | 0.93 0.93 0.8l
Quter . 3.30 2.12 2.12 - 1.9%
3- Inner 0,25’ o 0.3% - 0.65 0.85
Outer 2,03 | 1.86 T 1.4 : 1.95
4~ Inner 0.76 - _ 1.27 0.68 © 1,10
Outer 2.29 , 2,71 161 2.79
5~ Inner 1.27 _ 0.93 0.68 0.76
Outer 373 , 2,46 1.86 3,13
Av. for Imer  0.76 | 0.95 © 0.83 0.83
Av. for Outer  2.73 R 1.78 2.35

Ratio | 3.5 -3 2,14 2,83
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at monthly intervals during four months of storage.

Table X, The densities and ascorbic acid values of raw Montana-grown McIntosh apples determined

Ap- _

Densities and ascorbic acid values of Mclntosh apples

- 10

ple When placed Stored one Stored two Stored three St‘oréd four
No. in storage month months ' ‘monthsg months
Den- Ascorbic Den- Ascorbic  Den- Ascorbic Den- Ascorbic Den- Ascorbic
sity = scid sity acid sity acid. sity acid < gity acid
gu. /ml. ug.[100gn. gn. fml. mg [100gn. go./ml. mg./l00gn. gm./ml. mg./100 g gu. /ml.mg. /100 ga.
1 .805 2.37 .792 1.33 .799 1.27 . .gou 1.3%6 7T 1.69
2 .793 2.80 .765 1.92 801 1,02 .805 2.20 .797 1.69
3,785 2.37 .770 1,33 .796  .1.70 791 1.3 .760 . 1.%5
4,708 2.03 825 - 1.33 791 2.63 J79 1.70 782 1.3
5 .80  1.69 LT84  1.55 87 1.95 8L 1.70 a5 1.3
6 .78 1,95 .83 1.33 - 705 1.69 785 1.95 .808  1.61
7 .77%  1.95 815 1.11 768 1.95 789 2,20 - .03 - 1.69
g . 799 2.03 L TbL 1.85 796 1.95 793 1.87 .810  1.95
9 .759 1.78 .79 0.52 © . .78k 1.69  .789 1.36 .796 1.uL
780 1,78 795 1,03 19 1.95 793 2.20 TET 1435
Av. 1,33 787 1,78 791 1.79 790 1.55

786 2.08 .791

_gg..

T oL
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The pH values of raw Montana~grown McInbosh apples determined

Av, _

Table XI.
at monthly intervals during four months of storasge.
P pH values ‘of raw McIntosh anpies
When placed Stored Stored " Stored - Stored
Apple in one two three four
No. storage month months months _months
1 3.7  3.80 4,30 3.93 3.95
2 3.75 3.83 - 4.3 4,01 3.90
3 3.68 3.8 . 3.92 3.83 3.90
i) 3,68 . 3.85 4,18 3.81 4.50
5 3,67 3,82 3,96 4,12 4,26
370 7 3,82 4,13 3,94 4,10
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moﬁth oi_‘ storage thel_‘e was an indication of a slight increase in acidity..
| From an éxamination of table XI‘I, it is evident that the total acidity

of the éﬁples used in this ‘stud;} also declined during storage. In com-
. parison, the ac'idity. of the apples at the beginning of storage was nearly
three times. as great as at the end of four months of storage.

A constituent of apples that has interested workers for somé time is
‘the group of pe.ctic substances that seém to undergo \changes during rii)en——
ing .a:nd storage. .In order to. observe any such changes in the McIntosh
apples, the pectic acid content was determined at the beginning and 'ené.
- of three months of storage and the results are'report.eci in table XIII.
Although tl_fle firmness of the apples did not change very much during three
months of. storage (table XIV), the pectic acid content was reduced more
than 50 per cent. | |

A summary of the scoreskgiven to the qualities. of the apples judged
at monthly intervals durirg four months of storage sppears in table XIV.
A definite reduction in fimmness and juiciness, with a decided wrirkling
of the skin, was evident after four monthg of storagé. It may be seen,
 that in the opinion of the judges, the spples decreased somewhat in
to-tal quaiity after one month_ of storage and seemed to maintain that
quality during the second and third months of storage. The most decided
decline in total quality, though, did not occur until during th_e foui'th
month of stbrage.

The ascorbi.c acid content of- apples. cooked 'b.y'vari ous methods is
shown in table XV, The data are expressed in milligrams per 100 grams of -

the cooked product. It may b.e seen that in general, spple sauce made by

% . * [
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Table XII. The total titratable acid.ity of Montana~grown McIntosh apples:
as measured at monthly intervals during four months of storage
and expressed ag milliliters of normal sodium hydroxide solution.

Average ml. of N NaOH required to neutralize the ‘acid
h ) in 100 ems. of apple

Ul W N

When placed Stored Stored Stored . Stored
Apple in one . . two three four
No. storage month mo:qths . months monthsg
1 | 7.93 6.96 4,05 . 4.29_ : 3,20
9.38 5.63 5981_. 5.33 3.16
9.15 5.55 - 4. 66 - 4,03 L 2l
8.8 6.66 . 1416 5.36 3.73
11.00 5,93 5.5 . 397 3.63

Av, 9.27 6.1l 4,79 ' 4,60 3.54




AL

- 37 -

Table XIII. The pectic acid content of Montana-grewn McIntosh apples

determined at the beginning and end of thre

e months of

storage.
'Percent of pectic acid Average
. in apples - Percentage
When placed Stored - 10ss
Apple in three
No. Storage menths.
S 1 0. Ll3 0.156
2 01.437-_} 0.124
3 0. 410 ,0.312
Av. 0.439 0.197 55.13
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Table XIV. Average scores for gualities of McIntosh apples judged monthly '
_Quring four months of storage by a panel of five Jjudges.
(Ses scorecard, page 21 ). ‘

* Average scores

Vhen placed Stored Stored Stored Stored

' in one two three four
Quality , storage month . months .  months months
Color of skin ' 4,16 '_ h08 4,35 7—&8# 4. 36
Shape 416 3.56 o0 - 33U - 3.60
" Gondition of Skin 5.00 . 5.00  5.00 3,92 3.00
Freedom from decay » o . _ '
and injury . B30 S L,00 %.85 Coh, 36 3.92 -
Firmmness L4, gL 3..:811 L.25 408 3,60 .
Tuiciness n6y L6k %25  h28  3.68
Color of pulp ) b, 32 R 4,56 4.30 4,20 3.92
Texture of Pulp 1,0k 4,0k 4,20 3.68  L.52
Flavor | 4.76 L8 . 405 432 4,16
Averé,ge af
~ total score . . 10,28 38.60 38.25 37.08 34,76

7

a/ Perfect total score L7
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Table XV. Ascorbic acid contenﬁ of Montana-grown McIntosh applés )
cooked by different methods, with tests repeated at monthly
‘intervels during three months of storage. ‘

Ascorbic acid conbent of cooked McIntosh spoles

When placed Stored Stored Stored
-Method of in one two three
cookery storage month © months months
mg. /100 gn.  mg.} /100 gm. mg. /100 gm. mg. /100 gm.
Sauce- Method 1 0.25 ' 0.34 0.17 0.25
Sance~ Method 2 0.84 0.67 - - 0.50 © 0.25
Semce~ Method 3 1.01 0.51 0.42 0.50
Baked 0.3 0. 34 0.42 0.25 -
Baked in pie 0.25 0.34 . 0.25 0.25

Table XVI. Percentage losses of ascorbic acid content of Montana~-grown
McInbosh apples caused by cookery and determined at montnly
~ intervals during three months' of storage. ’ :

Percentage losses of ascorbic acid from cooked apples

When placed Stored Stored Stored
Method of in _one : two three
cookexry storage month months monthg
- - peb, pct. - pet. pct.
Sauce- MethOd l 8509 70.3 8809 830?
Sauce- Method 2 52,6 42,5 66.7 83.0
Saunce- Method 3 4y, 2 54,5 72.6 6b. 14
Baked. . 8208 7300 75.9 8507
Baked in pie 8y, 2 67.1 85.7 81.6
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method B, where the peel was left on the app‘les, and method‘B, where the
peeled, cooked apples were not smved, supplied more agcorbic acid than
apples prepared by the three other methods. As the apples were coo:ced
at monthly 1ntervals during storage and testpd, their ascor'blc acid conuent
showed a slight tendency to decrease dur:.ng storage alt‘lougn 1ne@la1nab1e
fluetunations in va,lues seem to have occurred. Similar 1rreg}11ar1tles
appear in table XVI where the percentaée logses of ascorbic acid due to
cookery are recorded. -
| | D.I-,SCUS_SION OF RESULTS -

' From the foregoing results it is evident thab the ascorbic acid value
of Montana~gzrown McIntosh applés of good quality is 2.08 milligrems per
100 grams of tissue, which means that the McIntosh is a rather poor source
of thig mutritive factor. According to the iite,rature, only a few workers
have reported ascorbic acid \.ralues; for McIntosh apples_ and results obtained
in Montana agree closely with those reported in 1931.} by Smith and Fellers (15)
in Massachusetts. By means of bioldgical assay they found that it required
from 20 to 25 grams of the McIntosh-apple daily for a p?o’cective dose for
guinea pigs.' On the tasig that 0.5 milligrams of ascorbic acid are re-
quired daily to protect guinea pigs from scurvy this would mean tha’q their
McIntosh apple contfa.inegl from 2.0 to 2.5 milligrams of ascorbic acid per 100
grams of tissue. However, in a recent étudy on @pples grown in wes’c;;Virginia,
Fish and co-workers (13) report the McI‘ntosh aéple as conta;ining from 7 to
10 milligrams of ascorbic acid per 100 grams of tissue and yet their metﬁod
differed somewhat from that commonly used. .

This study of the effect of storage on the ascorbic acid values of-
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apples apparently differs from any other studies rqéorted; in that it hag
follo'wed_ from month to month the chapges in ascorbj.c acid velues és well
as the rate of evaporation of the-apples and changes ih moisture content
due to respiration. Fish (12), Batchelder (3), and Fellers and co-
workers (10) have reported percentage losses of gscorbic éﬁid in from
three to six monéhs and from eight to ten months of storage with no
indication that they considered evaporation or any"changes in moisture
content.

It is of special inte?est to note tﬁaﬁ the stored apples shpwed-‘
the 1owesf agcorbic acid values at the end of the first month of storage,
with an incréase in the second and third months and a dfopping of f of
value &qring the fourth month., PThe only other ﬁorkers ﬁho have noted
anything of similar nature ére West and Zilvs (52) in England, who
recently reportéd that vitémin C was synthesized wben apples were stored
at 3 degrees 0. and the capacity'for éynthesis was high in young but al-
. most.nonpexistent in mature fruit., There were no indications of im- 7
-maturity in the Montana fruit and yet there were significant signs of -
increases in vitamin C values, or possible synthesis, during the second
and third months of storage at O to 4.5 desrees C. |

The finding that the ascorbic acid value of the outer srea of the
McIntosh'apple is more than two or threé times as. great as tﬁe value ;f the
inner area agrees vény well with simila® reports by Keys (26), Gross (19),
Todhunter (U8), Eheart (&) and other wrkers who reported greater con- |
centration of ascorbic acid in the outer area of fhe apple than in the :

inner area.
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Other qualities of the apples that éeem to have b'een affected by
storage are total aciﬁity and pH value or degree of acidity., Unlil;.e
a:scorbic acid values, total acidity values showed a steady decline through-
out the entire storage period. However the pH'Va'iﬁé's- showed some o:‘E" the
same tendency to fluctuate that the ascorbic acid values showed during
gstorage. The total acidity decreased congiderably during ‘sto.rage,_ but in
contrast, even though there were also chazlges in the pH .val_ues, there was
still a fairly high degree of acidity at tl:le end of the .four months of
storage. Thus it seems possiile that pH might have the greater influence
on ascorbic a',cid.'reteri’i:ion. L |

In general, apples undergo great losses of ascorbic acid during

-cooking., OCurran and Tressler (6), in an extensive study of the effects

of cockery on ascorbic values of apples, reported appiﬁximate losses of
80 per cent due to baking apples, whole or in pie. Though cooked
apples have appetite sppeal and are in common use, they have little

recognized matritive value, being especially low in vitamin 6 conbent.
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SUMMARY

In this study it was found that the average ascorbic acid content of
the Montana~grown McIntosh apple as previously desci‘ibed, ig 2.08 milligrams |
per 160 grams of raw'apple'. When the apples were placed in storage for four
"months at s temperature' ranging from 32 to 4O degrees F. and a relative’
humidity ra:nginé from 60 to 86 per cent, there was a s'ignifica.:at, decrease
in the ascorbic acid values. The greatest dec;,rease in' the ascorbic acid
value of the ap*_éles occqrred. during the first month of storage. Thi_s was
Tollowed by an increase in ascorbic acid value duriné the second and third
months of- storége which suggests the possibility of vitamin C synthesis in
the apple. A reduction in ascorbic écid. valu.e. was ggain noted during the
fourth month of storage. | Throughout the storage period, data were obtained
on the rate of evaporation in the apples and changes in their moisture con-~
tent due to respiratioﬁ. With these data available, the percentage losses
of é,scorbic acid were computéé. on é dry basis. During four months of storage,
the average pex'centagé loss of ascorbic acid in the apples was slightly over
30 per ceﬁt while, at the end of one montl; of storage, the loss amountéd to
37,5 per cent. Congistent regults were obtsined to show that the concentra-
tion of ascorbic acid is consider&bly great‘er in the outer area thaio. in the
inpner area of the ‘McIntosh ap}_:;le. . _

Although the individual apples differed soméwhat iﬂ density and as-
corbic acid value, there asppeared to be no correlation between the density
and the ascorbic acid value of an apple. The total acidity of the é,pples
was found to _det:reage steadily ’chroughoﬁt storage. However, the pH values,

or the degree of acidity, showed a slight tendency. to fluctuate. . 'Tiie
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pectic acid content was re&uéed more than 50 per cent during three monthg
of storage. |

The scores récorded by a panel of judgeé indicated that the most
noticeable changes-occurring in the apples during storage were decreased’
firmness and juiciness, accompanied by wrinkling of the sl;in'°

) In general, coockery of theiapﬁles results in large percentage losses
of ascorbic acid. ‘
CONCLUSIONS

The average aﬁcorbic acid content of the Montana—gfown ﬁcIntﬁsh
apples used in this study is 2.05 milligrams per 100 grams of raw apple.

The storage of McIntosh apples for four months at a temperature
ranging from 32 to U0 degrees F. and a relative humidity.ranging from 60
to 86 per cent results in a_significaﬁt reduction in ascorbic acid
value amounting to about 30 pér-cent, computed on a dry basis.

During this same storage period and under the ssme conditions of
storage, the McIntogh gpple sustained some changes in quality, ipdicated

by a wrihkling of the skin snd a decrease in firmness.
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