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IRTRODUCTIOR

Many factors must be considered in comparing bthe
ascorbic acid values of canned and frozen fruits., The
wasie faetors thst have been ghown to influence the

ageorbic aeid content of fruit in quantity preparation are,
however, the variety of the frult, the size, and the degree
of ripeness., OGohroder, Satterfleld, and Holmes ('43}1
gonslidered mli of these faotors in assayling peaches, No
ecorrelation wes found between the slee of the peach and the
ascorbic acid eontent, but the degree of ripeness did
affect the content, the ripest being the highest in ag~
corbic meld, The varlety influences the content, varying
from 3.84 to 12.86 mg./100 gm, in different varleties.

The influepnge of the duration end of the temperature
of storage upon the sscorbic acid content of a variety of
apples was determined by animal feedlng and by dye-~titration,

Todhunter (*36).2 The results showed that some varietlies

T : . ,

¢, M. Schroder, G. H, Satterfield, and 4, ¥, Holmes,
wInfluence of Variety, Size, and Degree of Ripeness on the
Ascorblc scid Content of Peaches," Journal of HNutrition,25:
503-539, 1943.

i, N. Todhunter, "Some Factors Influencing the 4ascorble
Acid Content of Apples." Food Research, l: 435-442, 1936.




have twice the ascorbic acid content of others, with longer
storage time and the higher storage temperatures giving an |
increased loss of ascorbic acid. The ascorbic acid eontoent
hes also been shown to vary with the climate, westher, and
conditions of harvesting, Antonov and Svereng {'42).3

Kaski, Webster, and Xireh (‘Lh)‘ found that the same
variety of tomato grown in the same location was influenced
by rainfall and sunshine; the greatest amount of aseorbic
acid being found when aun§hin@ precedsd collection, No
slgnificant difference ingascorbie acld was noted in green
and ripe tomatoes aallecbé& at the same time; however,
variations did occur in g%a@m and ripe tomatoes,

Other environmental ?aetars, such as the effeats of
light intensity, day 1$ng%h, temperature, and fertilizer
have been shown by ﬁamner% Bernstein, and Kaynard {'Lﬁ)ﬁ
to influence the aseorbic%aei& content of tomatoes., The
production of ripe fruit énﬁex shade gave lﬁwer ascorbic

acid values than that greén in the sum&ﬁina; but ths greatest

i, V. antonov and T, 4, Sverena, "Vitamin ¢ in Fresh and
Frozen Berries.” (Chem, 4entr.) Chemical ibstraet, 36; 7167,
1942, :

éI. J. Kaski, G, L, Vebster, snd &, R, Kireh, "The Aascorbic
scld Content of Tomatoes.” Food Research, 9: 386»39%g 1944,

K, ¢, Hamner, L. Bernstein, and L, &, laynard, "Effects
of Light Intensity, Day Length, Temperature, and Uther
4nvironmental Feetors on Ascorbic scid Content of Tomstoes,™
Jourpal of Nutrition, 29: 85«97, 1945,




influence upon content was the light int@nsitg previous to
harvest, Fruit grown in a greenhouse gave aﬂ”aﬁearbie acgid
value of 22.0 mg./100 gm., while frait grown under natural
illumination eight and sixt?an hours each day showed an
agsocorblo escld content of 16,7 mg./100 gm., and 19,5 mz./100

gm, respectively. ‘
These factors which af%aet the ascorblc acid content
of fresh fruits are of impa%tane& when econsidering the
variations found in the eamﬁed and Trozen fruits, Losses
mey also ocecur aftergpickiu% and bsfore processing Somers,
Heuner, and Nalson (;45} while extraction and proocessing,
according to Kirk ang ?resager ('Al).t cause additional
losses. In compering fresnifruit with that frozen com~
mercially Fitzgerald and Fe%iars ('BB}? concluded thst if
the produet is sdequately bianahad it %ill contain no de~
hydro ascorblc acid when stored at a low temp@ranura. Halfl

of the ascorbic scid in their frozen pineanl& wag found to

é
« P, Sopers, £, ¢, Hemoer, and W, L, Nelson, "Field
Illuminatian and Commereial Hendling as Pagtors in Determin-
ing Ascorble aAcid Content of Tomatoes Received ab the
Cannery." Journal of Nutritiom, 30; 425~433. 1945,
7

He M, EKirk and D, K. Tressler, "ascorblie 4cid Content
of Figmented ¥ruits, Vegetables, and Thelr Julees."” ¥ood
Rﬁﬂaﬁrﬁh 63 3?5"'411 1941,

Ge 4. Fitzgerald and ¢, H, Fellers, "Gerotens and
Ascorble Acid Content of Fresh &arket ana Commercially Frozen
Fruits and Vegetables." Food Research, 3: 109-120, 1938,




be in the extracted julce when sugar wes added., The effeot
of freezing and storage on the ascorble acid content of
orange s8nd grapefrult julce was determined by Conn and
Johnson (!33)9 using feeding tests with gulnea pigs, The
results showed that the antiscorbutic value of the frozen
juieea equaled that of the fresh julees. Storage of the
frozen Jjulee for five months did not greatly reduce these
values, although little difference was found in the ascorbie
acid content of the pulp-included julces and the pulp-free
Juices,

Different methods of quick-freezing orange juice were
compared for their ascorblc acid content by Nelson and.
Mottern ('33).20 Both foeding tests and the chemical dye
methods were used; the results showed no great loss of the
vitamin due to freezing by any method, although the frozen
did not have as great antiscorbutie properties as the
fresh fruls,

The ascorble acid znd euarotene content of canned fruits

Liitlian Conn end 4, H, Johuson, "Vitamin C Content
of Frozen Orange and Grapefruit Juice.,” Industrial snd
kngineering Chemistry, 25: 218-221, 1933,

10 '

&, M. Nelzon apd H, H, Mottern, "Vitamin C Content
of Frozen Jrange Juiee," Industriel and Zngipeering Chemistry,
25: 216-218, 1933.




wag determined by Fressley, et al (‘&&).#l The values

reported for apricots, unpeeled halves, gave a range of

i.l to 5.7 me,/100 gm, with an averegs of 3.9 mg./100

gm, Clingstone peachss ranged in ascorbic acld content

from 2.0 to 5.7 mg./100 gm, and aversged 3.9 mgz./l00 am.

Freestone peaches showed lower values, raanging from 1.4 to

3.7 mg./100 gn, and an average of 2.3 mg./100 gn. The

digtribution of water soluble vitamins between the solid

and liquid portions of cesnned fruits and vegetables was

found to be about the same for all fruits analyzed by

isrush, Hinman, and Halliday (*44).12 The content of the

g80lid portion of cannmed pears was 20 per cent higher than the

ligquid, whiech waz the only exception reported im this study.
Newman snd Fellers ('40)13 anelyzed commercially canned

foods in glass and tin containers obteined from various

markets. They found that the ascorbic acid was not signif-

icantly different in the two types of containers, and the

louses were small in both,

5 D
4, Preassley, C, Hiddepr, M. C., Smith, and &, Caldwell,
"Nutritive Value of Canned Foods, sascorbiec #0ld and Carotens
or Vitamin 4 Content." Journal of Nutritiom, 28: 107-116,
1944, ‘ ‘

lzm, K. Brush, W, F, Hinmen, and &, G, Hallidey, Hutri-
tive Value of (anned Foods, and Distrivution of Water Soluble
Vitamins Betwssen the ©olld and Ligquid Portions of Canned
Vegetables and Fruits." Journal of Nutrition, 28: 131-140,1944.

lBK. R, Newman and ¢, #. Fellers, "Vitamin C In Packaged

Foods Purchased in Hetall Markets," Journsl Ameriesn
Distetle aAsmociation, 16: 655-696, 1940,




Preparation of foods In quantity hes been shown to
have a destructive sffect upon the ascorbie acid content
of the foods analyzsd, Nagel and Harris ('43}14 estinated
‘theae losses of ascorbic acid to be 45 per cent,while a large
portion was discarded in the water., «uditional losses
oceoured by allowing the food to stand on the stsam bable,

The present study was undertaken to compare the
aseurble aelid content of canned and frozen frults before
and after preparation for quantity use,

7 . : , ,
Ay Hy Ragel and #, &, Harris, "Sffect of Restaurant

Cooklng and Service om the Vitamin Vontent of Foods,”
Journal American Uletetie Agsoelation, 19: 23-25, 1943,




FROGEDURE

The ffniﬁa anslysed in thias study were bobth cunned
and frozen apples, mpricots, blackberries, cherries, pesoches,
and plrespple. Since csuned mhréw%arriaﬁ wers nok avallable
in institutionsl quentity enly the frogen etrawberrles were
studied, The frulte were obteined from locel wholusale
distribusors and wers peoked in instisutional size contaiuers,
that is, namber ten cans for the canned fruits and five,
ten, and thirsy pound peckeges of frosen frults, depending
spon the type of fruit and the size of contalmer availsble,
The sene size conbuliner of sach frald wes used Lhroughoud |
the atody. ;

Three dlfferent lots of each frult, both cenned and
frozen, were studied, sn average size serving wes considered
o be s number 16 dipper of spples; blaeckberries, cherries,
erushed pineepple, end strawberries, or tures slices of
paach, or three apriect halves. &b gverage gige serving
was used as & sumple und bthree semples of esoch lob of canned
and feozen Prults were taken for anslysls, The frozen fruits
wers thewsnd according to dirwctions on the pachage and

goversl packages were mixed before teking scmples, JLeveral



cens of w lobt were opened und the contents were mixed before
sanples wers teken., Lach sample was oollected in & one-
half pint Jer contelning 50 al., of ¢ne per cent uetué-
phosphorie weid, gThﬁ samupley were yixﬁ& individually in
the Waring %iamﬁ&%; raturnad to ﬁh@%@@i&aﬁﬁiﬁﬁ Jars md
refrigerated umﬁii determinations f%w tobel and reduced
ascortlec soid emuiﬁ be aade, Three ssmples, consisting of
one serving a&eh,iaf eaeh lot of frult after preparstion
for serving were also teken, pregerved, snd snalyzed in
the same maanner, l?wa allgaots of each sample wers snalyzed
a8 S008 éw possible after svlleetion, When two aliguots
falled to give & close check thres HOYY énaig%a&‘&nﬁ the
regults were aversged for seleulstions,

These frults were prepared and served in Hruve Hell,
& resldence hell cafeteria at North Texas dtate Uollege,

fienton, Tezes, durlug kereh and ﬁy?ﬁl, 1948,

EE Y 5k ¢S P R 5y 2 AR
TUTRL BBCOGREBIC AL

betermination of total sscorble acld wes mede acoording

to the method of Hoe and Eaethar ('43)" with moaificstions

by Boe and Uesterling {'#4)k5fﬁf plant tissues, Later

SJ, He Roe and C, 4, Ruether, "Uetermination of aseorbio

agld in Whole Blood and Urine Through the 2,4-d4initrophenyle
hgdrazine Derivative of Lshydro-sseorbie scid." Journsl
Bivleriecal Chemistry, 147: 399407, 1943,

léJ, H, soe and June Uesterling, "Determination of De-
hyoro-aseorbice Acld in Plant Tisasue by 2,4-dlnitrophenlhydre-
zine Hethod." Journel Blolozisel Chemistry, 132: 511-517, 1944.




modifications by Halomey and Kremmerer ('46)19 eliminated
the need for an ice bath by use of glacisl acetle acid
instead of 85 per cent sulfuric acid. The former solvent

doea not char or heat the solution on standing.

Reegents and Solutions:

5% metaphosphoric aéid and 10% acetic acid. (50 gms
metgphosphoric acid sticks, 100 gms. acetic acid,
850 ml, distilled water).

£,4-dinitrophenlhydrazine reagent, (Dissolve 2 gams,
2,4~dinitrophenlhydrazine in 100 cc. approximately
9N sulfuric aeid,)

Norit,

Thiourea sclution. (Dissolve 10 gms, thiourea in 100
ml, 504 by volume agueocus sleochol.)

Bromine water.
Standard Curvs:
25 mg. of pure ascorbiec aeid were dissolved in 25 ul. 5 per
cent metaphosphoric aecld and 10 per cent scetic scid. Bromine
water was sdded drop by drop until yellow and the solution was
shaken until the color disappeared. 3Solutions were then made
with 5 per cent metaphosphoric aeid and 10 per cent acetic aecid
containing 0,001 to 0,04 mg. per ml, Fifty ml. of this were
added to 1 gram acid washed norit end filtered., Then 4 mi, of

the filtrste were added to sach of seven test tubes. One tube

R« H. Balomey and 4. R. Kremmersr, "Determination of
Ascorble aAcld, A Simplieation of the Roe Method." Journal
Blological Chemlstry, 165: 377-378, 1946.
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was held for s blank. To each tube ons drop of thiourea
solution was added, followed by 1 ml, of 3;7¢d1n1trogneny1~
hydrazine resgsnt to all the tubss sxcept the blank, The
tubes wers held in a water bath at 37° C, for three hours.

- Finally to each tube, including the blsnk, 5 ml. of glaelal
noetic scid were added, 1 ml., of the B;éunitroghanyl~
hydrezine reagent was added to the blank. Contents of the

tubeg were removed to the phmtal&m&tsrlg

cells and read
against the blank, using a 550 milimicron filter. Results
were plotted on semi-logarithmie paper.

Yor the determination of total ascorbic acld in food,
B known”partian, 5 grams, was nmixed wi;h 20 times the volume
of 8§ pef cent metaphosphoric ascid and 10 per cent acetic acld.
An aliquot portionm, 25 ml., was mixed with aepproximately 1 gram
acid washed norit and filtered. 4 ml, of the filirate wus
added to three test tubes, one of which was kept for s blank.
To esch was added ome drop thioursa solution; one ml. 2,4-dinitro-
phenyihydrezine resgent waes added only to the test solutiggs.
These tubes wers held in the water bath at 37° c. far'thréé‘
hours. S ml. glacial aeetig acid wﬁrevtnan &6&ad't®‘aaan'
one ml. 2;4—din1traphenylhydrazias reagent was Linally add§&
to the blank. Sclutions were then reed 1n the photolometer
and thé.eenaentratian determinad from th@ stendard curve.

15

fenco Sheard Sanford Photolomster used in this laboratory.
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For recoveries, 125 mg. ascorbic aeid were dissolved
in 26 ml, § pef cent matapheséhorie acid and 10 per cent
acat&e acid, Bromine water was sdded gnﬁil yaellow and the
gsolution shaken until colorless, One é%. of this was dis-
solved in 250 wml. 5 per cent mehaphosphérie geid and 10 per
cent acetic acid, giving s proportion of 0.02 mg. psr ml.
Two § gm. portions of food were weighed; to one portiom 101
ml, B per ecent metaphosphoric acid and 10 per cent ascetic acid
were added, the solution filtered., To the other 100 ml. 5 per
eent metaphosphorie acid and 10 per eent scetic scld was sdded
1 ml, of the original aseorbic acid solution (125 mg./85 ml.).
Five test tubes were prepared &s follows: (1) 4 ml. of 5 per
cent metaphosphoric acid and 10 per cent scetle acld, used as
a blank; (2) 4 ml., ascorbic acld solution containing 0.02 mg./ml.,
1 drop thiourea solution and 1 ml, 2,4~dinitrephenylhydrazine
reagent; (3) 4 ml. food filtrate in 5 per cent metaphosphorie
acid snd 10 per cent acetic zeid and one drop thiourea solution;
(4) 4 m1, food filtrate, one drop thiourea solution and 1 ml,
2,4~-dinitrophenylhydrazine; (5) 4 ml, food filtrate to which
the ascorbic acid was added, one drop thiourea and 1 ml, 2,4~
dinitrophenylhydrazine resgent. These tubes were held in the

water bath fco thraee hours and resd in the photolometer.
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REDUGED ASCORBIC CID

]
T

The mathaa§d§ Loeffler and Ponting ('42),19 which omits
2 buffer and ua%s%ana per cent metaphosphoric, was followed
for detanminati;ﬁ;nf reduced aseorbie acid, Horudli and
ratish (138)%° using the colorimetric method made deter-
minations on fruit julees end found that eystina, histidine,
araatinin&, amménia; phenol apd urie acic did not interw
fere with this mathwd; whereas hydrwqaimanﬂ’and gluco-
reductones did, This interference was raauéad by an acid
medls, ﬁgqﬁharg,lﬁﬁlpiak and Laﬁa@f (*#3)21 found @h&t
photomstric praee&arﬁéhaﬁ greater aeeuraey than the titration
mﬁ%had; and am&ll’amﬂﬁntsaf ascorble aeid, even in the
presence of other sub%taneaa which reduce sodlium 2,6~dim
ahlercb@nzenanlinﬁoph%aal, may be determined in extracts,
Reagents and Solutions:

Solution of puralaae@rbic aeid, (100 ng, @iaaalvéﬁ
in 500 ml, 1% metaphosphoric acid),

Solution of 1% metaphosphorlc acid, (10 gus, msta-
phmap?gria geid stick dissclved in 990 ml, distilled
water). ! ;

R

Dys solution, (?G nz, Sodium ﬁ1eniarabaazanenidophanol
dissolved in 1 liter distilled water).

lgﬁ. H. Laafflar%and Je B, Pantin@; "Rapid Determination
in Fresh, Frogen end Dehydrated Fruits and Vegetables,"
Industrisl snd Lopineering Chemlgtry, l4s 846-849, 1942,

\'GJ, V. Scrudl end H. D, Batish, "4 Colorimetric Wethod
of Determination of 4scorbie Aecld.” Andustrial and Sscinecring
Chemistry, Anal, Bditlon, 420-423, 1938, )
, 5T ,

B, Hochberg, D. Melnlck and B, Losner, "Photometrie
Determinaetion of Reduced and Total Ascorbic iscid.” Industrial
and Ingineering Chemigtry, 15: 182-188, 1942,
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Standard Curve:

ﬂalutians of ascorble aeid containing from 0.001 to
0.04 mg,/ml. were made. The photolometer was set for 100
using 10 ml. distilled water in a flat cell. The dye was
then standardized by adding a few crystals of the dye until
the solution gave a reading of 18 with 1.8 ml., of 1 per cent
metaphosphoric aeid, Five ml, of the dye were added from
a8 calibrated pipet to 1.8 ml. of the sseerbic acid solutien
in a eylindricsl cell, Readings were taken fifteen seconds
after additlop of the dye, using & 515 millimicron filter,
Results were then plotted on semi-logerithmic paper.

The fo0d was mixed with seven times the volume of 1 per
cent metaphosphoric acid, and an aliquot portian; 10 ml,, of
thia‘mixture was filtered. The photolamatgr_was set for 100
with 1.8 ml, of the test solution and 5.0 ml. distilled
water in a ¢ylindrical cell, To another cell was edded 1.8
ml., of the test solution &Eé 5.0 ml, of the dye solution
(previously standsrdized), The reading wss taken and the
concsntrations read from the eslibrations plotted on the
standard curve, Esach sample wss analyzed in duplicate.

#hen checks did not ocour three analyses were made, and the
results were averaged for esleulation,

For reeoveries, a known portion of ascorble scid, 25
&gw; was dissolved in 25 ml. 1 per cent metsphosphoric acid. One

ml.of this solution was diluted t0l00with 1 per cent metaphosphorie
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acid and read in the photclometsr to sheck with ths standard.
Pive mi. of the original solution were added to 10 ml, of
the food mixture diluted ap to 80 mi,, the solublon was then

filtered and read ia the photolomater.



PISCUSSION OF RESULYTS

The ecompurative cost of serving frozen, fresh, and canned
fruits as salads and desserts in = residence hall cefeteria
was studlied by Welech and Boney ('48},23 “hile the fresh fruits
in season were found to be lower in cast; the canned frults
were highsr than the frozen with the exception of cherries and
pineapple, These results suggested that the determination of
the ascorbie ascid content of both the frozen and ths canned
frultes would be of value in considering an economical source
of ascorbic aeid,

In the present study seven rruits, epples, apricots,
blaekbsrries; eherries; peaches, pineapple, and strawberries,
were analyzed for total and reduced ascorble acid content be-
fore and after prevaration for guantity ssrving. The method
of Roe and Oesterling ('44)23 was followed for the determine~
tion of total ascorbic aaid; snd recoveries ranged from 96 per
ocent to 106 per cent. For the determination of reduced ascorbic
acid the method of Loeffler and Ponting ('42)24 was used: ree-

coveries ranged from 95 per cent to 105 per cent.

w5 .
“Frances Weleh and Varsette Boney, "The Comparative Cost of
Serving Frozen, Fresh, and Canned Fruits as Salads and Deagerts.”
Accepted for publication, Practical Home Eeonomies.
23poe and Oesterling, op. eit.

24, peffler and Ponting, op. cit.

15
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The standaerd size portion deseribed under procedure
was used ip calculating the ascorble scld content before
preparstion for serving, but when fruits were used in ples
and cobblers the weight of tho pastry was deducted from the
total welght 0? the sample;5a thaet only the %eighh of the
fruit was aemp%raﬁ in ealc}latio&a. H#meh value reported
represents ﬁhé%amaant of ﬁéearbic aeld 1in a standard gize

gerving,

In analyz;ﬁg for tmtai sgcorbiec acid gl)l of the age
corbic acid 9r§sant in the sample is converted to dehydro-
ascorbic aseld gnﬁ determin%d. Raduced ascorble acld was
determined as % bagls for %am@&ring the results with values
reported by at%ars. Radua%ﬁ asgorblc aeid was more difficult
to dstermine i§ sigmented fruits sincs some of the color
persisted aven»aftar the solution had been f?lterea wlth
narii?fthereby interfering somewha% with th@ﬁaalaw obtained
when the dye was added to the solution, In spite of ﬁgia
Kirk and Tressler ('Al)as found that an eleotrometric titri-
‘meter method was satisfactory in snalyzinag pigmented frults,
v&get&bl@s,'and their juleces for ascorbic acid, They reported
values of 0.40-1,.04 milligrems per kilogram for strawberries,

25

Kirk and Tressler, op. git.
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0.,07-0.,13 milllgram per kilogram for peaches, and "very
little" for blackberrises and cherries., The amount reduced
ascorbic acld obtained on analyzing thess fruits in the
pregent study zeve similar resalbsaw

In anelyzing the total ascorblo aecid eontent in the
samples from eseh of the three lots of frossn and of canned
fruits it was found that the frozen frults contained more
tobal ascorbic acid before preparstion for serving than 4id
the canpned fruits, Taeble 1. Of the frogen fruits apricots
gave the highest totsl ascorble aecld value (17.96 mg.), and
the apples the lowest (4.24 mg.) for an average serving.
O0f the canned Truits the hiphest was pinﬁap@lé (5.6 mg,),
and the lowest was peaches (1,22 mg)., Some of the frozen
fruits showed a wide variation in their average total ascor-
bie aeid content, nemely 7.42-33,52 mg. for an average serving
of blackberries and 9,44~14.37 mg, for peaches, Some, howe
ever, showed little variation, for ezample, 3.81-4.43 mg. for
apples and 7.07-9.24 mg, for pineanple. In all of the canned
fraits the ranges for total ascorbie aclid were muoch less,
The greatest was 0.93-2.11 mg. for an average serving of

cherries, and thes least was 1.13-1,32 mg, for peaches,

wﬁpp@ndix, Tables 4, 5, 6, and 7.



TABLE 1

A EOE%?QRI@BK OF THE TOTAL AND REDUCED ASCORBIC ACID OF FROZEN AND
CANNED FRUITS BEFORE AND AFTER PREPARATION

Average Total Ascorbic Acid

Froit Bofore Froparation After Preparation

Eind Lot | Frozen| Canned I}iffa:mzm Frozen ﬁaﬂm Dﬁfarmg

i“igﬁ . ﬁgﬁ » ﬁg¢ % Mg; 2‘{&- "-7 ’ ﬁgn %

{ﬁ&ﬁbl@f}- T _ ak'fn{a, 2*5 _ 1&9 &3 405 , 1‘9 1&9 : 57 ‘
LT | s | 2| 32|73 58| 12| bb|E

Avea, Ll 1.7 C 246 &) o 5»& 11&; 3&9 &3 -

{&azaé) I | 1B | 2.5 | 153086 | 15.2 | 1.5 | 13.8
TID | 16.3 | 1.4 | 249191 | 179 | 14k | 165|193
Aves. | 17.9 1.8 | 16,1 | 89 16:9 L4 | 15.5 |92

Blaeke 1 81| 1.8 | 63|77 | 26| 1.2 | 1|54
borries I1 Tody 1.1 6&1@. $5 1&6 166 0,01 0
(Cobbler) | YII 3345 2.0 31.51 94 3.7 1.9 1.7 | 49
Avo. 1(313 1;5 14,7 | 85 20 1;6 1.5 | 51

Chorries I 1342 049 12.3 |92 P 0.7 3 &g &
111 11.6 2.1 9.5 81 lnl 0.9 Baﬂ 78

Pearhes | I | lhed | 1.3 | 132
(Salad) II Sede 14 843
I 946 1.2 83
Ave. 11& 1.2 99

nyple b 4 G 5e3 3.9
(Pie) 111 7.9 642 | 1.8
Lyve. 2.1 5.6 2e5

11.3 % 10.2
C Fey R | - Gudy | 85
5.0 1.2 2T |75
79 1l 6.8 |83

5.7 | 8.9 | 3.2, 36,
49 | 6.6 | 1.7\ 26
50 | 6.9 | 19721
Be2 Te5 243 129
Straw- I 14.9 1.1
berries II 10.0 611
{(Fruit ITX 12.5 3@9

¥Canned more ascorbic aeid than frozen.

3REY BIBS
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&@w%&@wﬁﬁmﬁ&w@ﬁ

Before Preparvation

After Preparation

Mﬁwmw

1 Frozen

0%
Oe2

0.0
0.3

0,0
0.0

0.0
00

0.0

E);@ ‘
0.0
0.0

0.6
0.7
0.7
046

40
0.0
0.0
420

0.5
0.0
0.0
0.5

1.3
1.0
1.3
1.1

¥ize
0.5
05
0.5
1.5

040
0.0
0,0

2.0
1.4
T 13
1.5

0.3
0.3
0,0
0.3

Osdt
1.2
045
0.7

a8
0ub
046
046

gg

%m
0.0,
&.z,
0.0
Qud |

0.0
001
0.0 |
0.0

£

Lo

0.0
0.0
0.0
0,0

03

0.4
0.7
0.0

346
040
0.0
3.6

0.3
0.0
0.0
0.3

10

b
CERS

5,

QOOo OQo

Roo® ool

ﬁ%

0.0

0.0

8.0

0.0

04
0.0
0.0

0.0

0.0
Oeld

0.0

0.0

0.6
0.3
0.7
0.7

heb
0.0
0.0
AN

0.6

0.6

- 045

0.6

Oubr
0.6
0.6
0.6

é

0.0
0.0
0.6
0.9

3.0
Cub
045
14 303

0.4
0.3
Osde

Deb
0.0
0.5

0.5
Be5
046
D8

Ouly.

045

0.}
a1

EEBow|

E28R ococoo ocooo

Bood

T Feanmed mors ascorbic acld then frozens
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The superiority of the frozen packs of frult over the
canned as a spurce of ascorbic acid is shown by the higher

per cent of ascorbie acid present in the frozen fruit, Table 2.

TABLE 2

THE PER CHNT: OF TOTAL AND REDUCED ASCORBIC 4CID
AVALLABLE FROM FROZEN FRUITS WITH THRE
"CANNED FRUIT USKED 43 4 CONTROL

TOTAL

Fruit Before After " Before After

% % % .
Apples 60 63 68* 48%
spricots 89 92
Blackberries 85 51
Cherries 85 82 71 48
Peoaches &8 83 89 9
Pineapple 29 29% 36* 1.1

T _ s —
, To obtain this per cent the average amount of ascorbic
acld in the canned fruit was subtracted from the average
ascorbio acid value of the frozen fruiv end the difference
was divided by the average ascorbio ameid value of the frozen
fruit and multiplied by 100. For example, apples:

hLeZd

"lué‘z -
Z.55 & A.24 x 100 = 60

*jyerage per cent greater for canned fruit,

The total ascorbie mcid of frozen fruit varled from 29 to 89 per

cent before preparation for serving, after preparation the
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difference between the fraﬁén end the canned fruit remained
about the same, varying from 51 per cent to 92 per cent, with
the exception of pineaprple, which showed a greater per cent of
total sscorbic scid in the canned fruit. Soth pineapple and
apples gave higher percentages of reduced ascorbie acid (36 per
cent and 68 psr cent respectively]), but after preparation only
the apples still showed a higher per cent of reduced ascorbiec
acid for the canned frult.

All of the frozen fruits except apples gave lower values
of total ascorbie scid after preparation for ssrving. Therper-
~ centage of retention ranged from 18,3 per cent for blackberries,
to 117.6 per cent for apples. The retention values obtained for
canned frulte were higher on the whole, though the initial
ascorbic secid content was lower than the frozen fruit. Conse-
quantly; the mmount of ascorbiec acid found in a serving of frozen
frult was greater than for the canned fruit. Pineapple with
a percentage of 134 and apples with 114 gave the highest re-
tantiohs for the canned fruit, while the other fruits ranged
from 8% per eéent to 99 per cent.

#When only the reduced asscorbic acid retention of thess
frozen frults is considered the values ranged from zero per cent
for apples, blackberries, and apricots, to 118 per cent for
peaches, The lowast value reported for the canned frults was
zero per cent for epricots, and the highest was 123 per cent

for apples and 130 per cent for cherries, Table 3.
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In Teble 3 it may be noted that the low velues of total
ascorbic aelid obtalned for the averasge serving of canned and
frozen apples prior to preparation resulted in the highest
retentions, The same was true of other frults also when the
ipitial content of sscorbic acid was low, These higher
rotentions may be p&rﬁially'aeeaunbeﬁ for by teohnical
errors due to the difficulty experienced is analyzing for
very small amounts of ascorbic seid, although @ micro teche
nigue was used.

Frults were grouped agcording to the manner in which
they were prepared for quantity service, Table 3, in order
to determine if the method of preparation had a significant
effect upon the ascorbie acid content. The frults gave wide
variations in the percent of aseorbic acid retained fér each
mathod of preparation whether frozen or caanned fruits were
considered. The widest variation occured in determing the
total ascorbic acld of frozen fruits in the cobblers, The
apples gave the highest percentage of reteantion, 117.6 per cent,
while the blackberries gave the lowest, 18,3 per cent, The canned
fruits followed the same trend for both totel and reduced,
but the renge wes not es great, Table 3.

Similarly no general trend was noted for total aseorbic
aeld retentions in the fruits prepered as ples, Pineapple
gave higher retentions than cherries for both the frozen and

the esnned fruit, whereas the reduced ascorble esclid of tie
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frozen giheapple end cherries gave almost identical resten-
tions {108 per cent and 107 per éent respectively), the canned
cherries had a much higher rstention than d4id the canned pine-
apple (66,7 per cent and 134 per cent).

Apricots snd pesches served as salsd 414 not have as wide
a range oi variation in total ascorbic ascid retention. 4spri-
cots were higher than peasches {%4.3 per cent and 69,3 per cent
respectively) in the frozen state, while the reverse was true
for the canned (83 per cent and 93.5 per cent). No reduced
ascorbic acid was found in the apricots, whether frozen or
canned, before or sfter preparation, while the frozen peaches
showed a retsntion of 115 per ecent and canned peaches 864 per
cent., 3Jtrawberries served on the counter as a fruit cup gave
a retention of total ascorbic acid of 68.6 par cent and 51.8
per cent for reducsd.

Thege data support the svidence that the aaemibia acid
. values of frozen paeg fruits sre superior to the canned, From
this; together with the results of a previous study, Welch and
Boney,26 it may bs concluded that frozen fruits may be advan-
tageously used for Iinstitutional ssrvice.

75— '
Welch and Boney, op. elit.




SUMMARY

The total and redueged ascorbic acid content was deter-
mined on seven frults, both frozen and canned apples, apricots,
blagkberries, cherriaes, peaches, plnsapple, and frozen straws-
berries, An average sigs serving of thede frults was analyzed
before and after preparatlion for quantity service in a resi-
dence hall cafeteria, Three lsts of sach fruit an. thres
gamples of eneh lot were taken for snalysis both before and
after preparation for serving., The values for these samples
were gvoraged and the percentage of retentlon was determined.
Frozen and canned fruits were compared for total and reduced
ascorble acid valuss before and after preparation, In all
cages the frozen frult was hlgher than the canned in total
asecorbic acid content, with tho exception of pineapple afnar
preparation.

. bverage retaentions of total and reduced aagmrbia acid
after preparation for quantity serving wers higher for the
csnned ‘ruits, but the imitial content was lower so that the
frozen frult actually was superlor to the canned.

o rslationship was found between the method of preperatlion
gnd the retention »f total and reduced ascorbic acid, The
widest range of variation was in fruite prepared &s cobblers,

and the least variation in frulte prepared as salads.

25
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These results together with those of a previous study
indicate that frozen frults are preferable bto canned fruits

for institutionsl uss,



TABLE 4

BABIC CHEMICAL ANALYSES DATA OF ASCORBIC ACID
COHTENT OF AN IE-E)IVIDH% SERVING OF
FROZEN FRUIT BEFORE PREPARATION
FOR QUARTITY :*sm?m

Frudt - Total Aseorble &aid

Kind Lok Smgﬁé I Sample II R 'Sanple I VAW? |

— 11 IV IV R iv il o Rl B A
I | 4.7 | 40 6 | heb | hek

T 7.3 | 18.5| . 177 | 1.7 17.8
1 18 | 26.9 | 2.3 | 157 | 163

. Blagk- | I | 81| 81| &o0| 2.0 | 8a
b@m&s Ix N ’ ?&2 gt‘a f}ﬂ?t 6‘8 ?:4
IIT | 37,7 | 37.7| 253 | 29.3 | 3345

Cherries | I 13 | 120 | 140 | 227 | 13,2
11 | 83 | 10.8 | 10,4 | 10,4 | 10.0
nor |7 |07 | 1307 | 12 | 0.6

Peaches | 1 o 15.2 | 1502 | 1346 | 13.6 | 4.2
T 8.0 | 5.0 | 10.9 | 10.9 9ud
111 6.0 | 6.0 | 111 15.3 9.6

Pinge I T T8 . 6.3 ‘6%3 Tl
apple I 7.0 | 70| 1.5 | 1.5 92
I | 85| 66| 8.4 | 84 | 80

Strau- I 17.0 | 17.0 12,9 | 129 14...;9
berries I 10.8 10.8 Ge3 9#3 lﬂi{j
111 12.3 | 12,3 | 12,1 | 13.6 12.5

Stirew- 1 10,0 | 10,0 141 | 0 | 1143
berried i1 5;3 7;&» 5&5 505 fhl
afbay 11X pi D0 6;9 9&3 918 3&9
Preps
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Reduosd Aseorbie Acld

Sample I

Sample II

Sample IIT

Ave,

9*5 . 0#5 045 Gtﬁ G5 905 . Q&f‘
0.0 | 0.0 05 | 00 8.5 | 0.0 D42
Q,‘f) 0.0 G0 0.0 0.0 0.0 0.0
00 Qaﬁ v Q*ﬂ 0.0 94@ ‘ QQQ Gaﬁ
0.0 G.0 0.0 0.0 0.0 0.0 949
0,0 | 0.0 0.0 | 0.0 0.0 | 0.0 0.0
0.0 {}‘fjb {10 0.0 Qwﬁ ﬁqﬁ Ggﬁ
3.0 {hC{ 0.0 0.0 0.0 0.0 Guﬁ
‘Qgﬁ 50.’6 0.6 0:6 Qaﬁ

Oub 0.6 0.0 0.7 0.6 0.6 0.6
’ 047 0.7 0.7 0.7 0.9

31? 1@02 3;3 318 4454. lep 400
G.0 0.0 0.0 6.0 0.0 0.0 00
0.0 0.0 Q.0 0.0 0.0 8.0 . 0.0
0 De5 0.0 0.0 .0 0.0 0.8
0.0 | 0.0 0.0 | 0.0 0.0 | 0.0 0.0
{}bg Gvg 9& 5 Q«@ ' Q{c,ﬁ 005 Ots
11| 12 1 | 17 0.9 | 0.9 1.3
lifp Qaé 1&-{5 lnd‘;. 6&5 1.2 3.10
lus 346 @Qs lmfi- 1:5 lés 1&1
Qi&- 0«4 Q'mfy Qn? ga# ﬁi—é G‘.é
0#6 ffué Gaé Q;é 0&'6
b Qb Q46 0.6 0.6 06 0.6




BASIC CHEMICAL ANALYSES DATA OF ASCORBIC 4CID
CONTERT OF AN THDIVIDUAL SERVING OF
FOR QUARTITY SERVICE

Pruit Total Ascorbie scid

Kind | Lot | Sample I Sarple II Sample TIT Ave.

pples | I | 56| 56| 3| 55 5,0
I | 58| 3.3 5.7 | 3.1 ke
IIX | 5.6| 5.6 | 5.5 | 545 545

Apricots I |13 171 ‘ ig.n | i3d 7.6
I | 1504 154 | 159 |2 | | 15.2
IIT | 18.0 | 180 179 | 17.9 179

m@k"" I Au 5 ‘ o 5‘ 2:? 21’? 2;&
113 L 3 Lelr FAW A boedy 3;7

Cherries I 5.1 2.9 5s1 5s1 » 4eb
11 546 546 546 5.6 5.6
113 3.4 udy : 5ad

Peaches I 11.9 11.0 11.6 11;%‘ 1.3 1.3
I:II . -ifnv 4»2 )«6 5::6 = 5:3

ﬁ@@lﬁ I 4&3 4B 5o G 50 5.0
111 b ) 6ed ba 540




Reduced Ascorble Acid

Sample 1

Sample 1T

Sample 11X

Ave,

0.0
Gitﬂ
O

0.0
0.0
G.G

0.0
0.0
0.0

0.0
1.6

0.0

0.0
Q.0
4nb
05

046
0.5

0.0
0.0
0.0

0.0
G0
0.0

0.0
0.0
0.0

0.6

0.6
0.0

0.0 .
€% B

AN

1&9

0.6
045

0.0

0.0
'th?

0.0
0.0
0.0

0.0
0.0
0.0

.0
0.6
0.0

0.0
0.0
43

0.5
0.5

00

0.0
0.0

0.0

0.0

0.0

0.0
0.0
O

0.0
0.6

0.0
0.0

ka3
0.5
0.5
0.5

0.0
0.0

040

0.0

0.0

0.0
0.0

T30

0.0
Oub
0.0

0.0
0.0
5 w@'

&0
0.0

0.0

0.0

0.0
0.0

T0
0.0
@*ﬁ

0.0
0.0

0.0

0.6

Qaé

00

0.0
0.0

5.0

0.0
0.0
845

G,s

0.0
0.0
0.0

0.0
ﬁaﬁ

00

0.0
0.0
0.0
0.6
0.8
0.7

00
0.0
LAY

0,6
0b
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TABIE 6

BABIC CHEMICAL AMALYSES DATA OF ABGORBIC ACID
CONTERT OF AN ISDIVIDUAL SERVING OF
CARNED FRUIT BEFORE PREPARATION
FOR QUANTITY SERVICE

Pruit Total Aseorble Acid

Kind Lot Sample T Sumple IT Sample III Ave.

Apples I 1.1 1.1 1.3 | 231 | 1.
II 3.¢3 103 1‘2 1;2 1 2\15
11I 1.3 1.3 1.1 1.1 12

Aprieots | I | 1.3 | 26 | .2 | 1.2 1.6
KI iﬂf} :3-49 . 2#6 2@@ 2i5
11X 1.0 G.0 ) Y3 Ol Q2 0.0 1.4

Black~ X 24 | L2 | .2 | 2.4 1e8
berrics 11 1.1 1.3 1.0 1.0 1.0
. III 3.04 b é.n& 1‘2 2«0

Chorries | I 0,9 0.9 | 09| 0.9 | o9
I | 1.0 | 1.3 | 1.0 13 2.1

11T 1.3 0.0 1;2’. , 1.2 1.2 : 1.2

Pine~ I | 45| 4.5 | 5.0 | 71 53
apple 13 6.5 | 645 | ha2 | 4e2 5.3
ITx 51 | 9.4 | 5.2 | 5.2 642
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Sample I ﬁ?xmgsla 4 Sample III Ave.
0.5 | 0.0 00 | 0,0 0.0 | 0.0, | 0.5
0.0 0,0 4% G0 0.0 0.0 05
0.0 ﬁgﬁ 0.0 0.0 0.0 0.5 045
0.0 0.0 0.0 0.0 0,0 DO 0.0
0:’ ‘ 5*@ U0 Q.ﬁ o G.ﬁ 9;‘3 Q*Q .
0.0 | 8.0 0.0 | 0.0 0.0 | 0.0 | 0,0

| 20 | 2.0 L9 | 19 2.0
13 | 14 1.8 | 1. | | 1.4
0.5 | 1.2 1.5 | 1.2 2.0 | 1.3 1.8
0.0 | 0.5 0,3 | 0.2 0.2 | 0u2 043
0.0 @‘3 0.0 0.0 0.0 QJ ﬁ;z
0.0 0.0 0.0 0.0 ‘ 0.0 0.0 .0
&tﬁ 9;9 9.6 9«6 Gtg GQQ 9&#‘#
.9 | L2 .1 | La 0.9 | 1a 1.2
0.0 0.0 0.5 0.0 0.0 0.0 G.5
05 i P Oudy | Oed 14 L4 0.8
609 aﬂ-ﬁ 0 mﬁ ) ﬁa 5 Q*S - Gi 5 Q&’ﬁ
g‘vﬁ Gta ﬁvﬂ ﬁ s‘@ 396 at& ﬂsé




33

TABLE 7

BASIC CHEMICAL AWALYSES DATA OF ASCORBIC ACID
CONTERT OF AN INDIVIDUAL SERVIRG OF
CANNED FRUIT APTER PREPARATION
FOR QUANTITY SERVICE

Pruit ' Total Ascorble Acid
Kind Lot | Sample I Sample II Sanple 1T Ave.
spples 1 2.3 | 0.0 0.0 | 0.0 0.0 | 0.0 243
II 2;& 2 ;’6 ﬂ;ﬁ 0.0 1- 2 3—32 La 9
Apricots | I 0,0 | 0.0 | 144 | OO Lo | 1eb 144
1II_| 0.0 0.0 15 | 0.0 1.6 | 15 1. *5
Blacke 1 1.2 | 1.2 ‘ 1.2 | 1.2 1.2
bharries iz 1.2 2;3 241 1.0 1#6
Cherrics I 0.6 D 0;9 0.6 ‘ @c?
11 0.7 | 1.4 0.7 | 13 0.9
1II| 1.0 | 1.0 0,6 | 1.0 ‘ : 0.9
Peaches 1 Ll | L1 | 1.0 | 0.0 3,.3. 0.0 1.1
:m 1.3 | 1.3 1.2 | 1.2 1.,2
Pine~ 1 727 | 77 | 50 | Tl | 89
apple IT | 75 | ded 7.3 | Ta3 646

XII ’? .2 i §:2 fﬁ*az‘é 606 6 ..9




Reduesd Aszcorbic Aedid

Sample I 3@@19 I Sample IIX ive.
6‘.@ ﬁ#ﬁ O,E) ﬂm@ . Qn@ gt@ Q.@
0.0 0.0 0.0 0.0 0.5 0 (e5
gtg Qnﬁ 940 . Q‘tﬁ Q:ﬁ @&G . Q. 5
.0 Q’ag‘ 0.0 QO ﬁiﬁ 01@ ) 0¢ﬂ
Ge0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.6 D0 00 0.6
0.0 0.0 0.0 840 0.0 0,0 040
Cud Qud T8 0.5 G.0 0.0 D5
0,0 G0 0.5 0.5 0.0 0.0 0.5
3;5 gq 3 G' 5 go 5 @. 3 ch 6#4
0.3 0.3 (3 0.6 046 0.3 Ouds
GtB Gq.?l Gwﬁ Gv? &43 Q‘ 5 gn 3
0.0 Oudy 0.0 | 0.0 Gk 0.0 Gudh
0.0 0.0 0.0 0.0 0.0 00 s
00 0.5 0.0 0.0 0.0 0.0 045
Ou5 Bu5 0u5 045 0.6 | 0.6 05
ﬂ( a4 Q*S ﬁ*ﬁ 53.;@ 00@ QQD Gt 5
Qa& té Gﬁ 6 G“t’é 666 aé G&é
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TABLE 8

AVERACE z“mGCRE.x.C ACID OF EaCH 10T OF
FHOZER AND CANNED FRUITS BEFORE
AND AFTER PREPARATION FOR
QUANTITY SEBVING WITH
PERCENT RETAINED

Frudt Tetal fsecorbic Actd Reduioed Ascorbice Acid
T | Lot - Amotob

£ind Lot Before | After | Hetained Bafore | After :
e | Pge | % “Yg. | Hae | B
Apples X 3.9 | 5.0 x2r 3.5 0.0 0
1z Lo, | 45 | 101 0.2 | 0.0 0

11T FA 5.5 - 125 0.0 | 0.0 0

Aprieots | I - 19.7 17@6 89 0.0 | 0.0 0
I3 17,8 | 15.2 86 0.0 | 0.0 0

CIID | 1643 17.9‘ 108 0.0 | 0.0 a

Blacke 1 a1 2.6 32 0.0 | 0.0 o
berriss 1 T | 16 21 0.0 | Q.0 G
Irz 3.5 | o4 i 0.0 | 0.0 0

Cherries | I 12,2 | 43 | 34 0,6 | 06 | 9%
e 10,0 | 5.6 56 a7 | 08| 124

11X 11.6 | 4ek 35 8.7 | 0.7 | 102

II gl‘zt ?i’j gﬁ Gvﬁ G.G ) Q

11T 9,6 | 5.0 52 0,0 | 0.0 0.
Pinem 1 7.1 | 5.6 £0 0.5 | 0.6 | 123

sppls i1 962 | 4e? 53 0.0 | 0.6 | 100
11X 8.0 | 5.8 63 0.5 | 0.5 | 10

Straw- I 149 | 1.1 Th 1.3 | 046 i

1l | Ok

Iil

12.5

8#9

n




Total Ascorbie 4cild

Amovnt
Before Aftey Ratmm& Before Afber
Wge Hen ra “¥g. “Hg.
245 1-?‘9 7% 0.5 De8
12 1.2 97 D5 0u5
1.6 Ladh 91 0.0 0.0
2»5 lts 59 mi) ‘ G’G
1.4 1.4 99 0.0 0.6
1.8 1.2 &% 2.0 0.0
1.1 146 i52 s 3 Oeh
2.0 2.0 o7 1.3 045
1.1 0.9 84 03 Ok
2+L 0.9 L2 Oul¥ 043
1.3 1.1 80 A Oud
1.1 1.1 9 1.2 0.0
1.2 12 102 05 G
5‘3 8*9 168 {3;3 {}*5
5e3 Geb 124 Dub Geh
62 649 111 0.6 0.6




TABLE §

BRANDS OF FRUITS AND UHIT AOUNT USED

Fruit

Frozen

Canned

Apples

Aprigobs

Blackberries

Cherries

Peaches

Pineapple

Htrawberries

*Honor® {Stokely~-Van
Camp), 10 Lbs.

"Honor" ( $t‘@§’§@ly—van
Camp), 10 1bs,

Wicker distribator
(brand unavailable),
10 lbs,

Wicker distribator
{brend unavailable)
30 1lbs.

"Hopor® (3tokelye
Van Camp), 10 lbs,

"Royal Scot® {Tripity)
7 lbs.

Wiecker distribuator
{brand unavailable)
30 lhﬁi

"White Swan® (Waples
rlatver), ¥l0 can,

"ihite SBwan' (Waples
I“l&tt@r}’ ??10 ClR.

"Star” {Monroe Pear-
son}, #10 can.

“iontmoreney" (Monroe
Pearson), 10 can.

“fpi-Valley®, #10 can,

"ddelwelsa" (Jexton)
#10 can,
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