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EFFECT OF CERTAIN PRE-FREEZING TREATMENTS
ARD FREBZING TRMPERATURES ON YRLLOW TRANS-
PARENT APPLES PRESERVED FOR USE IN PIES

Many varieties of fits, particularly epples, are grown in
Oklohoma. Apples are unique in that sumer and winter varieties make
this fruit available throughout the year. Oklahoms apple growers are
experiencing losses due to codling moth injury. Fell and winter apple
varieties are particularly affected by this pest, Apples maturing in
early or nid-sumer sustain smaller loss due to codling moth infes-
tation, Because of this fact, there is an inereasing trend in Oklahoma
favoring planting of sumer maturing apples.

The tart flavor and juiciness of the swmer apples are palatability
qualities highly desired for fruits used in meking ples. The tendency
of summer apples to disintegrate when cooked cause them to be less
aceeptable for use in baked products than the majority of fall and win-
ter varieties, Their poor keeping qualities limit the time over which
they are awailable. In view of these situations, there is need for a
greater variety of methods of utilizing this crop if it is to gain in
financial importance to the farmers.

Preservation by freezing results in less alteration of the apple
flavor and texture than many other processing methods, Few resulis
have been reported on the pre-freezing treatments of sumer apples.
Limited work has been conducted on the use of various calecium salts as
firming agents for frozen apple slieces, tut practically all of these
studies have dealt with fall and winter varieties of apples.

The purpose of this study was to determine: (1) acceptable methods
for firming Yellow Transparent apple slices with caleium chloride;



(2) acceptable methods and materials for preventing discoloration of
apple slices (a) during pre-freezing treatments, (b) during time period
held in freezer storage, and (¢) when thawed for utilization in pie;
and (3) the effect on texture, juice drainage, and baking qualities of
caleium firmed apple slices of the temperature at which fruit was
frozen,

If successful pre~freezing treatments for the sumer and early
fall variety of apples grown in Oklshoma can be developed, a new cash
crop could be established for the farmers of the state,



REVIEW OF LITERATURE
Apples

Since the sumer variety of apples have many characteristics
desirable for ples, better methods of preservation are needed. Freezing
is one of these methods which may be used, Frozen sliced spples are
used prinoipally for pies. W. C. Gaunt (1947) recently said in regard
to the large fruit production in this state, "Oklshoma might well be
called the state with the greatest possibilities for the dewelopment of
quick freezing."

Freezing apples presents some problems not encountered with fruits
having ecolored flesh, as strawberries and other mmell fruits, Tressler
and DuBois (1940), Wiegand (1946), end Luther and Cragwell (1946) state
that certain conditions miet be controlled in order to have a good froe
zexn apple product, When apples ave not properly treated before freezing,
they may deteriorate in flavor, color, and texture, Darkening, change
in flavor, and softening of texture are perticularly cbjectionshle for
froits which are used in pies, Discoloration may occur during prepare-
tion of fruit for freezing and contime slowly during and/or following
thawing.

It has long been kmoun that the diseoloration of apples ocour after
injury to the eell structure induced by entting, brmising, or freezing,
Overholser and Cruess (1920), Bales and Hele (1935), end further sube
stantiated by Joslym (1941) are in agreement concerning the fact that
oxidative discoloration of apples is sn action eatalyzed by peroxidase,
an enzyme system present in the fruit tissue, This reaction occurs when
the enzyme oxygenase catalyses the oxidation of eatechol compounds
causing formation of an organie peroxide. This latter substance when
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acted upon by peroxidese causes darkening of the apple tissues, The
rate at which browning develops bears relationship to the tanmin eontent
of the fruit, 1. e., fruit containing the larger smounts of tannin dis-
color more rapidly then fruits containing smaller amounts,

It is important that the peroxidase be inhibited in order to delay
the discoloration of cut fruit, Bauernfeind and Siemers (1945) classify
peroxidase inhibitors as (a) substances that affect enzymes directly and
(b) substances that accelerate ite inactivation by peroxide, The former
¢lass, which includes the sulfhydryl compounds, is more important in the
inhibition of fruit darkening, In 1946 Bauernfeind end Siemers stated
that the sulfhydryl derivative ocouring in pinsapple juice would prevent
discoloration of sliced apples,

The acidie content of fruits varies both with the variety end the
stage of maturity, This is espeelally true with apples, Nightingsle
(1930) found that developing fruits increased in acidity until the soft
ripe stage when the per cent of acid suddenly decreased.

Woodroof (1940) reported that l-malic and ecitric acids oceurring
in fruit ave important factors in controlling ensymatic reactions,
permeability, and turgidity of cells. These reactions do mot ocowr as
rapidly at a decreased pi.

Enzyme insctivation by heating may be accomplished by the use of
stesm or water sealding methods, Water scalding with subsequent cooling
in water caused greater losses due to leaching of mutrients then did
steam sealding or cooling in air as reported by Western Regional
Research Leboratory (1944), Melnick and co-workers (1944), iohl (1945),
and Cruess and Smith (1946). Mmmumw-
1y by commereial packers, this method is less frequently used in the
home because of the lack of adequate equipment.



The effectiveness of ascorbic acid and 1te isomers has been given
consideration by Yourga, et al (1944), Banernfeind and Siemers (1946),
and Luther and Cragwall (1946). Results with fruits have not been con~
sistent., Although ascorbie acid is effective in preventing discolora~
tion with peaches, it has not been too satisfactory as an anti-oxidant
for apples becouse of ite slow penetration into the fruit, Whether
using the ascorbic acid in a dipping sclution, in o sugar-syrup
solution, or as a dry salt complete penetration into the slice is
importent, These workers are in agreement with Melnick, et al (1944),
Tressler and DuBols (1944), Wiegand (1946), Luther end Cragwell (1946),
and Powers and Bsselen (1946). In general the slow penetration of the
ascorbic acid into the apple slices has indicated that this treatment
has greater value vhen used with a deaeration procedure as desecribed
by Banernfeind end Siemers (1946).

If penotration is incomplete, the slices will be light colored
and attractive ¢n the outside but will have dark centers, These
various workers clso recognize that the treated fruit must be held at
room temperature six to eight hours before freezing to allow for
penstration of the ascorbic aecid into the fruit tissue. Such a holding
period or delsy before freezing is not practieal when large quantities
of fruit must be processed and is not in general use,

The following authorities; Joslyn (1930), Atkinson and Strechan
(1941-42) , and Wiegond (1946) are in agreement that sugar soluticns are
useful in protecting fruits from axidation. The glase or £1im of sugar
or syrup £1l1s space arcund the fruit, thus excinding alr. These
workers also found that sugar added to fruit retards development of
yeasts and molds, reduces the danger of fermemtation and proserves color,
flavor, and aroma, The use of sugar causes a withdrmml of water Srom



the fruit, The sugar dissolves in this julce and forms a concentrated
syrup which graduslly drains to the bottom of the container, Although
the sugar pack is preferred for most fruits, Sorber, et al (1944) state
that sugar has not been found necessary for retention of quality of
apples during freezing storage.

The treatment of apples before freezing is an importent factor in
the frozen storage life of this fruit, Atkinson and Strachan (1941-42)
and Woodroof and Ceeil (1945) were successful in preventing discolora-
tion by using a sulphur dioxide troatment, These workers, as well as
Tressler and Evers (1947), indicate that sulfited fruit should be held
in cool storage several hours before freezing to insure pemetration of
the salt into the apple slices since freezing stops penetration of the
sulphur dioxide, Bither sulphurous acid, the sulfite, or bisulfite
salts of sodiwm may be used as the source of sulphur dioxide, Sorber,
et al (1944) reported that when sulphurous acid is used a delay before
freezing is not necessary as the rate of pemetration is repid, Because
of the fumes given off by the sulphurous acid and the special equipment
that mst be used, this seid is not practical as an antieoxidant for
home use.

mmmmumumuwmnhmmmg
which tha foods are frosen is discussed by Tressler and Evers (1947),
Woolrich and Bartiett (1942), Mackrtinw (1945), end lee, Gortner, and
Whitcombe (1946). Slow freezing destroys the colloidel complex of the
cells and reduces turgidity. Rapid freesing at a low temperature pro-
duces small ice crystels, The smaller the ice crystals which are formed
the less tendency there is to rupture the cells. Woodroof (1938),
Plagge (1938), Tressler and DuBois (1940), MacArtinr (1945), and
Tressler and Bvers (1947) all recommend 0°F, or below (<109, <159,



=20°F,) for freeming foods. According to Nicholas (1945), the fact that
sugar or sugar syrup lowers the freezing temperature of a liquid
necessitates a lower temperature for the freezing of sweetened products.
This holds true for fruits packed in sugar or syrup.

Discoloration of the peeled frult may be prevented by the use of a
holding solution if delay is necessary prior to pre-freezing treatments,
Workers at the Western Regional Research Laboratory (1944) recommend
that apples should be held in a weak salt brine (not over 1 per cent
salt, by weight) to prevent browming., Sorber,et al (1944) recommend the
use of a salt and vinegar solution (2 tablespoons vinegar and 2 table-
spoons salt per gallon water).

Whether scalding, syrup pack, sodium bisulphite dips, or ascorbic
acid treatments are used to prevent darkenming, complete penetration of
the apple slices is the important factor, according to Powerse and
Esselen (1946). Workers are in general agreement that fruit treated
with l-ascorbic acid or dipped in sodium bisulphite must be held long
enough for the chemical to penetrate to the center of the slice before
they are frozen, Most of them agree that scalding fruit in steam or in
water is effective in preventing discoloration if the heat is pene-
trating enough to inactivate the enzymes contained in the fruit,

Much interest has been shown in the use of various caleium salts
for improving the texture and firmess of apple slices for use in ples
and other products. There is a paucity of literature concerning the
use of caleium chloride as e firming agent for apples. Bullis and
Wiegand (1931) reported successful firming of cherries by the use of
caleium carbonate. Kertesz (1939) in his work with vegetables identi-
fied caleium pectate as the tissue firming compound formed when caleium
chloride was used as the firming agent.



Woodroof and Cecil (1945) obtained good results with caleimm
chloride as the firming agent for fruits., Powers and Esselen (1946)
have developed several procedures for firming the McIntosh apple slices.
Their use of caleium chloride as a firming ageat was quite effective in
preventing canned, fresh, and frozen apple slices {rom becoming exces-
sively soft or mushy when baked in pies,

The mechanics of the caleiun firming of apple slices is discussed
in detail by Baker (1947). He concluded that the amount of caleium
salts necessary to accomplish the firming will depend on the type and
quantity of natursl salts present in the fruit {issue, the degreec of
ripeness of the fruit, and the action of acids and enzymes either added
or naturally present, Esselen, Hart, and Fellers (1946,1947) noted
that caleium chloride also aided in the retention of color, According
to Esselen, Hart, and Fellers (1946, 1947) and Hills, Nevin, and Heller
(1947) ealeium salts may be added to apples through the use of dipping
or syrup solutions, The optimm amount of caleium chloride recommended
by Hills, Nevin, and Heller (1947) to firm ripe Yellow Trenspavent
apples is 0.1 to 0.2 per cent. They also found that slices cocked scom
after being treated with caleium chloride usually show case-hardening;
that is, the slices sre toughened on the surfaces but are still soft in
the interior, The firmmess of the apple slices becomes more equalized
after a few weeks of storages prior to cooking, According to Hills,
Nevin, and Heller (1947) the ideal method for obtaining wniformly firmed
slices would be to apply the caleimm chloride solution by the ewvacuation
and impregnation procedure. From the standpoint of the homemaker this
has the disadvantage in that it is a batch process and requires special

equipment,
The problem of packaging fruits which are to be frosen is ome which

involves the minimization of enzymatie and chemical changes by preventing
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access of outside air, Tressler (1940), Pemnington (1941), Woodroof and
Dupree (1942), Raback (1947), and Tressler and Evers (1947) diseuss the
advantages and disadvantages of the various iypes of containers and con=
clude that the dssirable qualitles of = material for this use are that

it be odorless, tasteless, non-toxle, moilsture-vapor proof, inexpensive,
and easily and/or readily obtainable, Types of containers for frozen

fruits end vegetables include wooden boxzes and harvels, glass and tin

containers, and paperboard cartons with moisture~vapor-proof bags.

The paperboard carton, having a molsture-vapor-proof cellophane
heat-sealed liner or overwrap, is commonly used for holding small or
household quantities of fruits and vegetables. The package must be care-
fully sealed if complete protection is secured for the foud, Western
Research Laboratory reported in Frozen Food Industry (1946) and Food Ind,
19 (1947) state that an imperfoct seal ruine the efficiemcy of the best
water-vapor resistant material.

Recent work reported by these workers recomsend dipping the packaged
frozen foods in a molten thermoplestic mixture which upon cooling solidie
fies and forms a protective film, This method of packaging is not
commonly used because it is expensive and is not readily obtainable.



Pastry

Since sliced frozen apples are used prineipally in ples, the
quality of the pastry is of importance in making an acceptable product,
The desirable cheracteristics for ple crust are that it be crisp, tender,
and flaky, well-browned arcund the edges and more delicately browned in
the center, It should be tender emough to be cut easily with a fork,
and the flaver should be pleasing and delicate.

Plain pastry used in making frult filled pies contains fat, flour,
salt, and liguid, Authorities differ as to the kind and amount of these
ingredients which should be used in making pastry, the ratio of fat to
flour showing the greatest variation.

The following ratios of fat to flour have been recommendeds Fisher
(1933):s two parts fat to five parts floury White (1942): three parts
fat to eight parts floury other workers (Food Ind., 17 (1945)s three
parts fat to ten parts flour, Nicholas, Ruth, and Swanson (1947) recom-
mend the use of a one to three ratio of fat to flour for frozen pastries.
MmmuﬂﬁMMMhmujmworcm
According to Platt and Fleming (1923) shortening has an important
influence on the taste, the digestion, the mutritive walue, and the keep-
ing quality of pastry., The amount of fat used depends upon how rich a
pastry is desired.

The kind as well as the amount of fat used influences the type of
pastry made. The definition of a fat or shortening given by Davis
(1921) has never been replaced by another. It is as followss

"A shortening is any fat or fiwed oil used as an ingredient in a

hioh, vhen baked in a dough mier Fiasiand Sooditicns gives S the

mtammMMammam&."
The shortometer devised by Davis (1921) for the measurement of breaking
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strength of pastricn was later lmproved Ly Beiley (1934). The objective

tosting of pastry tendorosss in dons with the Balley shm’bmwmra
Aeeording o Nebinson auwd Black (1945) fuats are fommlated feam

{8} bydrogenated uest fols or vomelable oils, (b} blonds of meat fobts and

vegebable oils, g () bLlands of hpdrogonated fais with unhardened fats

or olle, either from vegetable or meal sources. The Hondbook of Yood

Provaretion, sabmitied by ithe terminology comnitice of the Food amd

Hutwition Divielen, Aerieas Home Deonomics Association (1947), also
gives these sww clossificniisns, Towe (1946) found that pastry nade
with oils bad the least breaking strength and hence was the tenderest
pastry, Visher (1933), Cawood (1934), and Lowe (1938) found lard pastry
te have tho least brocking strength of tho piastie fole tesied, Jordom
(1944) fownd thot the hydrogonation of lovd incroases its firmmess bub
decrescos ibs shordsning pover in pastry. HNatéil, Biggins, and Robinson
(1946) found lard %o be more digostible than vegetsble oils becavee a
mzjor portien les not Iydrogonnted and there is uo apprecicble destruce
tion c:«i" the naturelly cccurring esgential, westurated fatly acids.
Lowe (1945) statos that butier gives o brownor cruat, one thot is flaky,
but which in moet Instances is leus tender than a vloin pastry nade with
- dard or hydrogensted fate.

Nobla, ot o) (3935), Hervey, {(1957), Lows (1946}, snd Lowe, Helson,

or omd congenling poind

and Buchanan (1938) discusa how the fodine numk
of fats affeet tho shorfening power. These worksrs found that folo with
the highest iodine walues and Jowosh congealing poinls vroduce the
t;end:;emxt portrys thowve fats whidch are the nost wnsaburgted produce the
tenderoct tut not the Llalkiest pastey.

Soft wheat {lours produce & mesly pastry. Host workers ave in

agreanont with Love (31946) thet allepwpoce flowr iz srveferable for agse



the teehnigue of mixing o

lomdlinn the doush offeots the quality

of the finlehed product. Tuo gonoral rothiods for niming pastry ovoe the

14}

s

eold uabtor and the hob weber nithodo. According

o Lowe {1944) the ¢

of paskry obtained deponds o o lovge exten? upon the techmique of adding
the wator and rolling, although the method of miwing flour and folb is
important. Prolonged nixing of nastry ;:zf'%@r uatcr bhas beon added vroduce S
a pastry boving o higher breaking strength, nence o tough pagtrye

| Beking tommerotures veoommended for pustey very fron 3699 fo 473%

(185245, ), Lowe (1946) ctatos theds pestries boked sb the hirhor

porotures wove judged wors palntable,

Yarious eporinents in frozon pootery and frozen sﬁiOl(} pics have
Loon oado. Some of the moro rveeenb are thoss reporbtsd by Clark ond
Okersom (1945), Guick Frozen Poods (Fmo, 1946), Wicholes s Buth, ond
Susnson (1947), Troscler und Svers (1947), and Fonton (1947, ZThey found
tho dovelopment of rencidity in the postry, beconse of the fot content
iz the mnjor foctor which must bo controlled. The lung timc reguired Yo
thow m:.xtry mokes it impracticnd Yo frocse it in Jorge guanditios.
(Sunderiin, Collins, and fchoson (1940}, 4 sotisfaetory sethed for
freesing pastry chells and Dilled plos e not yoi boon perfoeted.

In this Reviaw of Iitoratups considerstion hag boen givon to seversl

vhases of thie gstody. The wre-frooslag trestvnents, frecsing tonperalime,

2

sl nethod of paekagivne apnle siices for frosen storege and also gomeral

proportions of lagradionts, assthods of nixing aud beliing postry for ples

&

e

hes boon revioued,
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i study ueve groum

Supplics of Yollow Tronemorend applos for

e

g

near Stillwoter, Oklaboun, and wore sceurod from the Dopartuont of
Horticulbure orchards mudintained by the Collope. Arvangeonnts wore mado
th the fradt groc ors to sapply frudlt of miforn quality ond waturdidy,
Pushel ond holf-bughel lots of applos wors brought to the lsboratory ss
nepded. To delay ripening of fruit, the apnler werc kopt in cold
storage at approxinately 4077,
Othor materiels used in thio shudy ere dilscussed in cach scebion.

Beudprent

The eguipaent used was similer %o thol found in sy well-onuipned

laboratory. Douls, porlng imd wprday gpuong ol obber codldng
ubenziles vers of chandord sizc.

& toble model, hond oporoted rotury poclor with ivon wire coongo
was tried ao o pocling doviee fop the opplete This pecler we fownd

unsatisfactory dus to the dlscoleration of the anple tiscue covsed by

the proago.

In ordor to dstermine the il of the frult, 25 grome apple slices
gad 50 ce. of wator were placed in oo Varing blender and yoducod to o

oalps  The Beclkron electric pll tmlor served av o rooang for teking

roadings on the {a) row and (b) baked epple clices md (e} Jjulceo drained
frou the thawed frulb.

The Iia,u.ey shortometer was uped for toobing the brogiing streagth
of the pustry waforse The pastry wafers vere cub into strips, 2 1/2°
X 2% % 3/327, end pricked wilh & pricking Llock bofore baking.

Gag ovens iith therpostatlc eonivols wore used Lor boliing.
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The temperatare of o ovens was . checkod with Taylor Inbronboit oven

£

C

- i o O x , & -
wae noued sihors nthey

PO E STy sl s . 2
thernonsbors, A cond pierisal thorm

erperaturs roxdings weve Involved. A Luweclock or timer and a stop

weteh was used for the timing intorvals.

Walmhds of mterials were token by the use of o chaln-o-nghic
balanes and gron trip seslos. 4 nesdlo-tyne precision venctromotor was
uaed o neamme thoe fivmwoss of the ealeiun chloride itrosted aonls
slicog,

The apple slicos uged in »yelininnry bosis were wrapped in V@gﬁzt&;bws

parchzent peper and those stored for use in pios were mi agoed I guarte

ized cartons with hootesenled-noiel tnroevapor-orcol ecllophane linors.

A eommevelcl hone frosger and the lockor ghorage tndis mlndained by the
Horticnlture Departomont wac used for freezing and gboring the fruild for
varied loagthe of timo.

Prelininory Toots

2l HIap N ¥ e

LAz, kel P

Prolininory work ahouwed Wind e iron wire

aused the epples to ‘f,cc» T iove ¥

; Y e gt P
oy 1o el of

be neale? by o

siee Ponmd

I oo™ P . ] p & oy 0%, @ o
inte trelfthe they would be of dsoired tuicknoss

Boldlng &

“he YRR g

arples wvere keob in o holding solubion pricyr to slicing
and sealding. The most effoetive agents for preventing diseclorabtion of

the peeled Truit oo deterninod by the preliminary tects were 2 tablo-

speong salt and 2 tsblespoons vinogsy ner gellon of smiber.



In the prelinminary tests, six acide, two oolis, ond soven gold-
salbe corbinobions were used bto delermine which wos anst effoetive as
an anti-oxidant to prevent discolormbion of the peeled frwit. The cone
centration uced, the eobset tiuw and resulis wore recordeds The mothods
nged ave given in Toble 1, The resulis of thowe teshts will bo glven under
Results and Discussion of thls papor.

The purts of the apple, ancording to Bigolow, Gore sud Howmwd (1905)
are given in Firmwe 1. The warious regions of the spple s?&icas will bte
referred to by nome vhen discussing the resillbs of anli-oxident froal~
vents, The most sensitive portion of ihe apple slices to oxidation is
the core ling, Althoush tho torus flosh of the apple slices might vernin
unoxidizod, if the core line dorkens, the slices are rendered musatise

factory for use in making nics.
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T Goncontration Hin. end Max, Time
Anti-oxidant Used Fruit in Contact
Per Cont uith Solution®
Citric Aeid 0.1, 0,15, 0.2, 0,25, 0,3, 0.35, 20 = 60 min.
Ondhy 0345, Oads 0005, 0s6
20 - ]
g
20 =60 ming |
| Citrdc Acdd |2, 4 t. per ppl.wnter - .
20 =60 ning |
_ 20 = 150 min, |
e 80 = 100 Wike |
Citrie Acid L =2 =]t por gnl, water
|_Iodized Salt =4 = 20 = 150 mine
Ascorbic Acid Mg, - 225 mg. per gal, water
.M%__A.t_- 20 = 60 mine |
Lemon 4 - t. per gal.wvater
W b e = 6 te per pal.water 20 = 60 ming |
Vinegar¥® 2 T, por gal., wmter 20 = 150 min,
| Todimed Salt |2 T, per gul. weter
Distilled
Vinegar##* 2 T, per gal., wter 20 = 150 min,
Cider Vineger 2 T. por :
L2 Lo DOx gal, ymbor 20 = 150 mia, |
Cider Vinegar 2 T, per gal. water .
Non-Iodized 20 = 150 mih,
L Salte* 2.1s por gnl. water
®  Frult observed at 5 minute intervals.
#% The supply of fyuit aveilahle 1imited the extent of testing with
these materials,

In the preliminery experiments, because of the relatively small
amount of fruit used in each test, the apples were sliced as soon as
peeled and them placed in quart-sized glass bowls containing the
different anti~oxidant solutioms, These were kept in solution for the



time periods given in Table 1. Approximately 36 apple slices were
placed in each bowl, At the end of each time testing period a few
apple slices were removed and the effectiveness of the antieoxidant
was determined by observation and by testing. Triplicate tests were
made on each anti-oxident at each concentration tried and for each of
the time periods used., The standard used for judging the effectiveness
of the holding solution was the development of (1) no oxidative colora=
tion and (2) no undesirsble impairment to the flavor of the fruit,

Since the combination of 2 tablespoons distilled vinegar and 2
tablespoons iodized salt per gallem of water gave a holding solution
which was judged most desirable of all the materials used in the pre-
liminary tests, the apples prepared for freezer storage were treated
using this formmla,

Pre-freezing Treatments

When larger amounts of apples were used at a time, the whole peeled
apples were kept in a holding solution as described above until a suf-
ficient quantity was ready to be sliced. The sliced firult wme also held
in the same type holding solution., This solution was kept in glazed
earthenvare crocks, |

Before packaging the prepared fruit, pre-freczing treatments were
used in order to firm the sliced apples and to inactiwate the fruit
CNZFIeS,.

In preliminary tests, five wariations in the amownt and kinds of
anti-oxidants and the manner of using them and eight wariations in the
amount of ealeium chloride, using two methods of incorporating the same
were compared to determine which was the most desirsble, A needle-type
preeision penetrometer was used to test the firmmess of the apple slices.
The penetrometer needle was allowed to penetrate the fruit for 5 seconds,
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Readings were recorded as decimillimeters, i, e., the depth of penotra=

tion being indirectly proportional to the firmmess of the fruit, The

degree of firmmess desired by the judges for the apple slices ranged
from 120~170 decimillimeters, Results of these tests were recorded.

The concentration of caleimm chloride solution as expressed in per cent

refers to weight of the dry salt, A fresh solution of caleium chloride

was prepared for each triplicate sample, A1l samples were prepared in
triplicate, packaged and held in frosen storage at 0°F, for 36~72 hours
before testing, The various methods used were as follows:

1. Solutions containing 0.5, 0.75, and 1 per cent caleium chloride were
prepared. The apple slices were placed in the above solutions and
held at room temperature, At imtervals of 5, 10, 15, and 20 minutes,
respectively, samples were removed from each of the concantrations.
Anti-oxidants used with each of the above concentrations of caleium
chloride and respective dipping times were 1/4 teaspoon dry citrice
ascorbic acid per 60 grams fruit for one group of tests and 20 per
cent camned pineapple juice for another group.

Fresh pineapple juice at the 20 per cent concentration was used
as the anti-oxidant for samples treated in 1 per cent caleium chlo-
ride solution for 5, 10, 15, and 20 mim:tes, respectively.

2. BSolutions containing 1 and 2 per cent caleium chloride, were prepared
and samples of apple slices were placed in the above solutions held
at room temperature for 20, 30, 40, 50, and 60 minutes, respectively.
The apple slices were then drained and all samples were dipped in a
sodium sulfite solution (2 teaspoons per gallon water) for 5 mimutes.

3+ The apple slices were placed in 1,5 per cent caleium chloride solu-
tion held at room temperature. They were removed from the solutiom
at intervals of 5, 10, 15, and 20 minutes, respectively, They were
then drained and dipped in sodimm sulfite solution (2 teaspoons per
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gallon water) for 5 mimntes.

Calecium chloride solutions containing 1, 2, and 3 per cent caleiwm
chloride wore prepared. The apple slices were dipped in a given
solution and allowed to remain for 5 minutes, Bach sample was them
removed, drained and dipped in e sodium sulfite solution (2 tea-
spoons per gallom water) for 5 mimites, After removal firom the
sodium sulfite solution,the fruit frem each of the above treatments
was packed with a sugar to fruit ratio of 1:6 and 134,

Duplicate solutions each containing 1 per eent caleium chloride and
2 teaspoons sodium sulfite per gallon of water were prepared. One
solution was held at room temperature (17,5°C.) and the other wes
heated to 45°C. Apple slices were placed in each of these solutions
gmhemr&mnimha.

Triplicate portions of sodimm sulfite solution (2 teaspooms per
gallon water) were prepared. Apple slices were held 10 minutes in
the portion held at room temperature (17.5°C.) and 5 and 10 minmutes,
respectively, in the heated (45°C.) solutions. After draining 0,33
per cent dry ealeium chloride was added to the fruit,

A 1 per cent caleium chloride solution was used in seelding the fruit
for a 2 minute period and sodim sulfite (2 teaspoons per gallon
water) served as a cooling medium for 5 mimutes,

Calcium chloride in the dry form at coneentrations of 0,33 per cent
and 0,25 per cent was added to the fruit after the anti-oxidant
treatment had been applied, The fruit was scalded in water for 2
and 3 mimites, respectively, cooled in sodium sulfite sclution

(2 teaspoons per gallon water) and in ice water, respectively, for
5 minutes. The fruit wes then drained and the dry caleium chloride
was added to the fruit,



The prepared apple slices were wrapped in a vegetable parchment
paper for the storage peried, The swoetened slices were placed in
coveracd containers to prevent syrup lealmge. The packeged slices were
frozen and stored at 0°F. for periods varying from 36 to 72 howrs in a
comerical home freszer, Upon removal fronm the storage, the slices were
thawed in the uncpened package at voom temperature beflore being baked
into pies or tarts. FPeunctrometer resiings were laken on the apple slices
as previously deseribed,

Since the anti-oxidants, sodiim sulfite and scalding, were judged
most desirsble of all those tested, the fruit was prepared for storage
using these methods. Celeium chloride was used dry and in the sealding
solution as & firming agent in conjunciion with the enti-cxidant treate
ment.

Treatmont of Yellow Transparent Apple Slices
Packaged and Stored for Use in vies

As g result of the preliminery tosts, apple slices were prepared for
storage using eight different eombinations of antl-oxidants and firming
agent, Triplicate samples of each of these variations were frosen at
0 F. and ~20%F, Ths treatment for the apple slices are listed in Table 10,



Table 10

Pre-freezing Treatments for Yellow Transparent Apple Slices

Ee 0.33% dry
Test = % 2 Calla
- X X
(2B £ X
i B2 X b4
.1._3.% %_ X T
. 2 i X
T ei T X
A B4 X X
AL B 1 X X X
AL RL A X i
11l B 2 ol X X
Al R2 L X L
AL B3 X X
1 B2 X B - X
(il B A b4 L
AL R4 > S X X

total sealding time wes csleulated from the moment the fruit was added
to the hot liquid. The fruit was scalded in boiling water or a 1 per
cent ealeimm chloride solution, After scalding, the fruit was removed
from the hot solutions and cooled in sodimm sulfite (17.5%.) for 1, 3,
or 5 mimites as shown in Table 10, The apple slices were then drained
before packaging.
When ready for packaging, 500 grams of the scalded frult wms

allowed for each packesge. The dry ealeium chloride was added to the



23

water scalded, drained fruit just before being packaged, Care was teken
to get it unifornly distributed throughout the apple slicos.

The treated fruit was placed in molsture-vapor-proof cellophsne
bags which were heat=sealed, put into eartons, and labeled, The packe
aged fruit was held approximtely 4 hours ot room temperature to allow
for penstration of the sulfite into the fruit before being frozen and
stored, Following a 24 howr freezing period, the packages were trans-
ferred to a locker storege compartment having a temperature of 0°F.
These remained in storage at this temperature until used, The storage
time varied from three to four months,

Upon remowal firom storage, the epple slices were thewed in their
then in an ice refrigerator at 45°F. for 16 hours,  After removal from
the refrigerator, they were taken out of the bags and placed in wire
strainers and allowed to finish thawing and drain for 2 hours.

After thawing the following tests were made and results recorded:
(a) on the uncooked apple slices; inspection for oxidation, penetrometer
readings, and pil readings on both the julece and slices; pelatability
scores, pil readings, and penctrometer readings, (b) on the baked apple
slices; palatability scores, pH readings, and penetrometer readings, and
(¢) volume of the julce which drained from the thawed apple slices. The
standard agreed upon by the judges for apple slices to be used in ples
were (1) tart sweet flaver, (2) translucent color, amd (3) no discolora=-
tion. A copy of the score card used is shown on the following page.
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Apple Pie Records
Series No._

Checking Charts for Pies Made from Fromen Apple Slices

ﬂ.-mﬂy “.‘m&
% Mod, = Moderately Y. - Yellow
| Swectening Signature of Judge
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ldmount of Filling Date




PASTRY

Manipulative techniques were developed, which gave an acceptable
pastry, when used in conjunction with the caleium firmed apple slisces.
Since most people prefer the flavor of hydrogenated vegetable fat to
lard, it wos selectod as the shortening to be used in these experiments
with pastry, The pastry wms rolled an a herdwood board, Two grams of
nmmmhmMmhMIwﬂmmsw
during rolling, The dough wos rolled to wmmiform thickness as gauged by
3/32 inch hardwood strips tacked to the board and used as rolling guides,
Wafors (3 1/2" X 2") were cut from the rolled pastry, The cut wafers
were pricked and placed on tin baking sheets, allowing space between
each wafer for wiforn cooking, These wore then beked in pro-heated gas
ovens at a specified temperature and used for testing the variables
throughout this phase,

The quality of the beked pastry in all the tests was determined by
(a) breaking tost, using the Bailey shortometer, and (b) pelstability
scoring, Triplicate tests were run on each series of pastry. The pre-
lininary work on pastry included consideration of various factors listed
belows
1, The inflnence of method of mixing upon pastry quality, using

(a) vastry blender, (b) a foloy fork, or (¢) a table fork, respective-

1y wes eoncidereds The mmber of mixing strokes was noted.

2. The effect of the temperature of water and the amount nf i% used on
mqul!.wmmhd. Water at room temperature as well as that
heated to ‘the temperature of 45%., 50°C., and 60%C., respectively,
was used, all other factors remeining constant. Shortometer readings
and palatability scores were recorded.



3. The effect on pastry quality produced by conditions under which
pastry was rolled included cooling the mixed pastry to 30°C. for
comparison with that rolled as soon as mixed,

4« The effect on pastry quality produced by baking time, temperature,
and position of the rack in the oven, included using a 12, 13, 14,
and 15 minute, respectively, baking time at 400°P. and 425°F., ve-
spectively, Wafers were baked using a lower or middle (intermediate)
placement of the oven rack for each of the baking time periods and
for each oven temperature. As a result of these preliminary tests
with pastry, a basic recipe and method of handling was formulated.
This recipe was used for making the pastry for tarts and/or ples,

Tarts

The pastry was rolled tv mniform thickness and cut in eireles
approximetely 5 inches in diameter, For each tart, 60 grams of thawed
apple slices and 25 grams of sugar were placed on the center of each
pastry circle, The fruit wes enclosed in the pastry and placed on a
cookie sheet., The cookie sheet of terts was placed on the middle rack
of the oven and baked for 35 mimites at 425°F.

The method of judging the effectiveness of the calecium-firming
mmmm_mum

Ples

uanmltotmm]mmmwmthhm,
the ple filling recipe was determined, This amoumt of filling was

adequate for an eight ineh pie.



Proportion of Ingredients in Pie Filling

Ingredient Weight in Grams Approximete Measure
_Cornstarch 22,
_Sugar 175 5 T
Method
1. mmm thoroughly.,
2. Combine the mﬂmmmm.

above

3. Pour the apple mixture m.mmm

4e Put the top m Se

Se wuw for 45 minutes 5"!‘ in a gas oven,
Aﬂeghﬂw,ﬁopiu-maﬂmdtomolfnrjhmnatm

temperature and the fruit was tested as previously described.
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Deeasss apples diseolue

1,

nseossary to flod gn effvedive mnti-oxident to use in e holding

o

celintion. In the liteveture many dAfforont antl-oxidonts have been

suzpested, ut Littlke is known of thelr offuet upan anples.
Prelinineyy investigotlon shouwed thet the aople slicop discolored

within 20 nbwbes vhon using cilrie acid oo the anbl-oxident for the

£y g p 5% = & FE e oy g
popled Tralt, This el

nrotection when aged with

panchos, ascording to Woodrsef (1940). Gitric acid aided in controlling

enzymatie veaction in peschos by deerensing the pll of the fruld, ot ws
not gotisiactory for use with opplos. Yollow Treneparent opples bhave o
high aeld content as Indieoted by thelr tart Clovor, The inereased
2eidily supplied by the citrie zeld was nov offcebive with thic Cruil.

Whon uoing oscorbic aeldd, ac viih eilrie acid, diseclorstion of the
apples develsped within 20 to 25 mimtes. Phere was an wndosirsble ine
areass ia toritnocs of the apples dhon 430 0. aseoruie aeid ver gellon
of wateor wag used.

Bocouge neldhior the citrle nor apoorble acids ot the concontrations
nued wore sablefactory, lenon Juico was tried booonse 1t contoins 1.944
grma:} eitric aeld and 0,017 gronn oseorbie aeid per ounco fresh juice,
It won thought thet lomon julee might bo offoctive sineo neithor citrle

eltrie aeid nor ascorbic aeid gove anti-oxidant protecticn whon used

Lemon juies, clthough freoguently used with frits to deley dise
coloration, gave only moderato resudbs vhen used im tho holding solutlon.

Iven ot the highost concentration used, 4 por cent {appromimately 2/3
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cup of juice per gullon water}, the apple slicss dovinenod ob tho core
1ins wlthin 20 mimetes holding tine snd hed o decided tart flavors
Howewer, if lowon julcs hnd proved offectivs ng an anblegxident, the
additionnl eost would Limdt it nsefulness,

Since cibtric geid, cocorbis aedd, and lomon jxﬁcé 413 nob provide

adequote profection against oxidation for the slices, it wns dooided to

t:ry vinegar beceuse 1t 1o o comnn condinmont in the averspge hums ond is
cheap, Vinegar conteins acetic seld, Y~mllc asid and trasos of formic
and other ovganic seide,

Neither cider nor distilled vinmermz vhen nsed pindly as s mmbie
oxidont proteeted the frudt sominct ddsesloration, The orrle slises
diseolored mmin 20 oiratess.

Frult Miz, g commereiszl blond eontaining 96 nor eont nitrls and 4
nor amatascorbin aeid, gave rosults sindlar to thooo oblained with the
lemon juics. The apple slices dorkeoned within 20 minodos holding tine,

When a quantity of applos z-:,re baing prepared, 1t may o assumed that
the delay botuwecan the tino of peeling and the ’sime of vackasing tho pres
pared frult would oxcend 20 minvtes, Nono of tho acids ?@éfbsa& thus fary

| therefore, could bo @mmiﬁ@mﬁ o having any proetien) slpeificance as
an enbi-oxidaent, Workors at the Hastorn Pegionsl Renmcorch Loboratory
(1%’2’) rocoimend o 1 por eont solt golution as en anti-oxldant for fralts.
Simee Whesc workers Aid not spacify the kind of selt used, both the nop-
iodized ard lodized malt wore tricd.

Iodized palt contoins iodine, which is a roducing agent. It wms
thought that ﬁxm y:@“sarty night bo utilined ao o foetor in proventing
diseoloration of the gople sliens withoub Inpois] , the flaver of the
fruit, Todized et eontelns 0.0 por eent potassinn dedide, by weipht,

The data in Tsble 1 4 shows that in order %o have the desires e
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anti-oxidant protection from non-iodized salt, it was necessary to use
such a high concentration of this salt to insure protection for as mueh
as 60 minutes that the flavor of the fruit was impaired, See Table 1.
Slightly better protection against discoloration was given by lodized
salt, Since only slight darkening was visible at the core line, after 40
ninutes, when iodized salt at 2 per cent level was used, this could vepre-
a time period of practical importance to the fiuit processor. Concentra-
tions of above the 2 per cent salt level gave a selly flavor to the fruit
after a holding time of 60 minutes, although the slices were protected
from discoloration,
Table 1 A

Effect of (1) Non-iodized Salt and (2) Iodized Salt on Apple Slices When
Used As the Anti-oxidant in the Holding Sclution

Concentration
Test | in T, per gal. Effect on Apple Slices [Time Limit With-
Hater 4in Higutes |
L . m
L m_
i 40
1d 31/2 (2. e
Te 3 3/4 (3%)
_21__% %
2b 17/2 (1.
_core Mne,
2¢ 2 172 (2%) | Darkened very slightly at -
core line, 40
23 3 1/8 (2.5%) Darkened slightly at core linej i
undesirable salty flgyor
2e 3 3/% (%) Darkened at core line; had <

Since none of the anti-oxldants studled so far were entirely
satisfactory at the concentrations used, several combinations of acids
and salts were tried. One teaspoon salt per quart of water will give en
approximate isotoniec solution; therefore, the teaspoon basis with varying
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appunts of the rospostive ondds vars woed. The Pirct combinmblion wme mode

of eitric geid ond i@f}izza&' salt. Sos Trbleo 1.

Apple cliees held in the golution cantain oo Al retin of olteie

neid to lodized malb showed discolomtion of the torus flesh within 20

niewtesy while at 234 ratio the sliees disenlored within 25 mimubes, ond

with o 2:6 mtio the fruit diseoloratod within 40 wiwibes holdins timm,
Aci »Iw'zl aribingtiong a..:.ﬁ; aceorbic neid or lomon julce with

loftized oald did not protost the avnle slices fron oxidation for =py

apreaciable tine.

9

”;

Sineo nons of the oabi-ceidonde oo for ntodied hewo Seon ontirmly
suceessful, o combingtion of &'ﬂ% and vineoar wme the noxt vaviand to be

stion of 2 tablee

trisd, Sorber, &b al {IM4) had recoimended the cormbin

spoong solt and 2 tablesnoons vioemar ner gellon of woter for ¢ holding

solution. These workers did not shate the kind of salt andfor it sper
they used.

Tahle 1 B gs‘_ms data on the vineger salt combinetions used.
Todized salt in a1l tho teste with vinegar afforded belier vrotection
than did those using the non-iodized salt. Dietilled vinegor wes *em'
to be superdor to cider vinersy in thero teshs. T"aesa vinggoresalt sone

binatione gave sceepisble remillc for n holding solution, Furibewmore,

e

these noterizle roorcsent oney thal wre sgpencive wnd easily zov

readily obtainablo,



Table 1 B

Effect of Vinegar and Salt Combinations on Apple Slices When Used as
Anti-oxidants in Holding Solution

s

Test M.ﬂ&! Time
Iodiged : lat end
Iodized of
Min, |
o 2T. 2 T. | Ho oxidation of glices |1J120 |
Slight oxidation at ecore | 150
line end some at the sur-
face of torus flesh of

b 27,

27T,

%

21,

27T,

150

d 27T,

120 |

After having decided upon the holding solution, the next step was
to deternine the pre-freezing treatmenmts for the apple slices. An
investigation of the literature indieated that caleium chloride was an
effective firming agent for apple slises. Therefore, it wes decided to
use caleiun chloride as the fimming sgemt in these experiments, using it
both in solution and in the dry form, Certain selected anti-oxidants wewe
to be combined with this procedure.

Since a mmber of anti-oxidants had been tried by other workers, the
following anti-oxidants were chosen to be used in comnection with the
caleium chloride in the preliminary tects: (1) eitrie-ascorbic asid, (2)
pineapple juice, (3) sodium sulfite, (4) sugar, and (5) sealding.

Pre~freesing treatments for apple slices should completely inactivate



the engyne system in order to prevent oxidative discolorstion, Woodro
(1940) ond Wiepand (1946) used eitrie acid and scoorbie eeid as antde

exidents for preventing dgeolovation of fraib during froven sboress.
Ag a rosult of their work, it was decided to try the offectivencos of
citricmascorbic acid, a commereiad Fruit Hix, which oontuined 9% pov
econt citric and 4 ner cend ascorbic acld, ,

Pata in Yeble 2 shows that the appls sliges in Lhese lesits duarkoned
s quiekly aftor thawing thet citric-ascorbic acld abt the concentrabion
o slices

used wag not satisfuctory as an anti-oxident. Houowor, the o

fron ell tests were firm encugh Lo hold thelwr shopo, wilh the espeption

of thoso dioped in 0.5 por coab enlciun chioride solutisn for 5 minmton.

These resulte indicste that lhe o ninsle dioplag Hoe in 0.5 por vonb

caleiwn chlorido is imadequote to fizn the flieos. Varlations in firme

ness uxy be noted with sach cuncentintion of ealeimn ohileride w

Ponctroneter readings on the baled wpple slices show wo cursolaviun
botwean the ddpping time and the fivmess of the fradt. IL nay Bo asclge

ed that the maturity of the froit and the sizme of the slices moy narbially

4». 5 &

B L N T ) X . ST P » » e o % _— “.,
scovant for eonsisteoney. 4lso, the faeh thal the eomcentration of coledun

&

in the polubion was not deterained bofore succesding trichas o cmmies

ware tranted, might be o footor contribobing to the veristion in Pironsss.



Dipping
m«mmmnnnmm
and Firmess of Apple Slises (1/4 t. Citric-Ascorbic
Acid per 60 grams fruit)

"Test | Caloius Ghloride | Efiect of Anti~oxidant om | Aves Penetro-
' | neter Neadingsi

B Dzm, Per

T

-

4

BoEaL .

b 3

3 %0 10

. |1s0 15 Mgmm 112.0

2 |Ia0 2 1wmmm 103.2

. theaving

W done in triplicato

#2 Too soft 1o test with penelrameter

Since citric-ascorbic acid; at the level used, was wsstisfuctory
as an anti~cxidant, 1t sme docided that pimsapple juice, both camned and
frosh, wuld be tried, Banernféind and Slemers (1946) stated that the
sulfhydeyl derivatives cscurring u pineapple Juice would prevent dise
coloration of apple slices, They used e 20 per cent solution, tub did
not etste vhether 1t wms fresh or camed pinsapple juice.

Resulte with pineapple julce, both camned and fresh, are given in
Table 3. Oxidative discolorsition was not prevented when either caxned
or fresh pineapple julce wams used, Howswver, the apple slices dipped in
caloimm chloride solution of 0,75 or 1 per cont concentration for 15
and 20 mimrtes, respeetively, before beiny given trestment with pine-
apple julce, gave slices satisfactory as to fimmess for use in ples,



35

This was substentiated by pelatability tests, These palatability scores
are not included with these preliminary tests., As shown in Table 3,
the inerease in firmecs was comsistent with the increase in time during
vhich the caleium reacted with the fruit, As previously stated, penetrom-
eter readings of 120=170 decimillimeters were indicetive of acceptable
firmmess for apple slices baked in pies,

Table 3

Test| Caleium Chloride

BE|
i

BEER |
ik

PF

Fh'bhhk PEEE
Fﬁ\szge.tsgﬁh

BBFF mvpmnsbss RRES

B
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Since pineapple julce was also found to be unsatisfactory as an anti-
oxidant, it was decided that sodium sulfite should be used as the next
variant, Filinger (1945) suggested that sodium sulfite at a concentra=
tion of 2 teaspoons per gallon of water would give satisfactory anti-

oxidant protection for apple slices.

;
;
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Date in Table 4 show that sodiwm sulfite gave better anti-oxidant
protection when used with 2 per eent ealeium chloride solution, but a
condition of case-hardening developed, i.e., the slices were toughensd
on the surface but were still soft in the interior, This did not ccour
when a 1 per cent caleium chloride solution was used. These results
substentiate those reported by Esselen, Hart, and Fellers (1946, 1947).
They found that in sddition to its fimming aeticn on apple slices,
calelum chloride also helped in the prevention of oxidation,

Tabls 4
Effect of Sodium Sulfite and of Different Dipping Times in Various

Concentrations of Caleium Chloride Solution on the Firmness of
Apple Slices

Tost | Galoluns Chioride | Effect of Anti-oxident on | Penstrometer
: Mimtes mrz&nmﬂ%ﬁ:— Dum, Per 5

ANERRRAER

Case-hardening did not ccour uhen the 1 per cent caleimm chloride
solution was used, but did at the 2 per cent level, The higher con-
centration of the caleimm chloride, in combination with sodimm sulfite
solution, gave better protection from oxidation, As a result of these
findings, it was decided to try the effectiveness of 1.5 per cent
caleium ehloride solution as the firming agent.

At this level, discoloration cccurred at the core line of the
apple slices as shown in Table 5, Case-hardening also developed in these
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slices, which made them less desirable for use in pies. The use of a
solution of caleium chloride of more than 1 per cent concentration for
less than 5 mimutes contact time would hardly be practical because both
firmmess and retardation of oxidative changes must be econtrolled. To
obtain a more satisfactory produet, it would be necessary to use a
lower concentration of caleium chloride as the firming agent,
Table 5
Effect of Sodium Sulfite and Different Dipping Times in 1.5 Per Cent

Caleiun Chloride Solution on the Oxidation and Firmmness of Apple

Cone, [ Dipping Time| Uncooked, Thawed Apple Readingss
4 Mimutes Slices: Time at Which Dis- Dma, Per 5

]’iut Caleium Chloride | Effeet of Anti-oxidant on Penetrometer

kel 3
% "
v -
Since the pre-freezing treatments thus far used, had not given
entirely satisfactory products, it was decided to try sugar or syrup as
the anti-oxidant in comneetion with ealeium chloride., Powers and Esselen
(1946) stated that sugar or syrup aided in the prevention of oxidation
and recommended the addition of calelum chloride to fimit through the use

of the syrup solution,

Data given in Table 6 shows that in these tests the addition of
sugar aided in the prevention of oxidation, In each lest, it was noted
that the sugar drew considerable moisture from the apple slices., Other
workers have reported similar results, This amount of licuid was in ex-
cess of that which could be used in the pie.




Table 6

Effect of Sodlum Sulfite, Sugar, and Caleium Chloride on the
Oxidation and Firmmess of Apple Slices

rmmmumumnﬁmmm Penetro—

_q?,_rm_swuwmw moter

Min, Fruit |Thawed Apple Slices Were | Readings:

Exposed to Air 2 Hours Dam, Per 5

. 5 9 ) A6 Ho discolorgtion 95

T B s S Y 7 e
o= No discoloration

4 2 3 A4 No_diseoloration 2

Because mch time was consumed in dipping slices in the caleium
chloride solution and sodium sulfite solution, respectively, it seemed
desireble to try other means of applying the firming agent and the anti-
oxidant to the fruit, As stated in the Procedure, two principal ways
were considered, They were (1) combining the calciua chloride and
sodium sulfite into one solution and (2) dipping the apple slices in the
sodium sulfite solution and adding the dry caleium chloride to the drain-
ed fruit just before packaging it. Results of these two processes are
shown in Tables 7 and 8, respectively.

According to data given in Teble 7, the apple slices treated in the
cold solution darkened more quickly after thawing than did those treated
in the heated solutions, Apple slices from the heated solution were more
acceptable both as to firmmess and color than those from the cold solution.
Penstrometer readings of 144.5 decimillimeters as compared with 158,1
decimillimeters indicate that heat may be a factor which facilitates the
penetration of caleium into the fruit tissue. The sodium sulfite and
caleium chloride reacted to form a white preecipitate in both the cold and
warmed solutions, Therefore, the apple slices did not receive full benefit
of the action of the two salts, This formila expresses the chemical
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reaction taking place: NayS03 # CaCly = CaS0; £ 2 HaCl
Table 7

Effect of Combined Sodium Sulfite and Caleium Chloride Solution on
the Oxidation and Firmmess of Apple Slices

Test | 14 Cabl, # 2 %. | Time at Which Discoloration | Ave, Penetro-
la2303 er Gal. | Occurred When Uncooked, Thaw-| meter Readings:|

JE ed Apple Slices Are Exposed Dra, Per 5
Yo Alr 2 Hours Segonds
allhos 17,5 Darkened within 30 minutes | 158,1
B el Dariened within 1 hour dbed |
The heated sodium sulfite solution (Test ¢), as well as ths solution

held at room temperature, (rmdmlmuﬁmmm,
according to data in Table 8, gave comparable results on firmmess and ex-
tended the protection time against oxidation beyond that afforded by the
heated solution held for 5 minutes (Test b). Prolonged heating of the
solution to maintain this temperature for ireating successive batches of
fruit and the reaction of the salts with the fruit would cause a diminue
tion of the effectiveness of the saits, The length of contact time, as
well as the concentrction of sodium sulfite solution, affects the
development of oxidative coloratiom, Thammmmaluloufh!.
Table 8
Effect of Dipping Time and Temperature of Sodlum Sulfite Solution and

Addition of 0,33 Per Cent Dry Caleium Chloride on the Oxidation
and Firmnmess of Apple Slices

Test wm Time at Which Oxidation Ave. Penetro-
- Dipping | Ocecurred in Uncooked, . meter Readings:
Time | Thawed Apole Slices |  Dus, Per 5 Seconds |

20 min, | Darkened in 2 hours %‘3
|__Darkened in ] houp
A0 min, | Darkened in 2 hours 140.9

o ko
Jes
F




Since the sodiym sulfite treatment, Table 8, did not provide
satisfactory anti-oxidant protection, it was decided to try "modified
scalding" es s supplementary troatment, As stated in the Procedure,
the term "modified sealding” is so designated becanse at no time after
adding the fruit did the temperature of the sealding solutlion reach
boiling point, Powers and Esselen (1946) had recommendsd scalding as
a means of inactivating the enzymes which cause discoloration im fimits.
Preliminery tests, not reported here in a table, showed that
satisfectory anti~oxidant protection was afforded for apple slices
scalded in the one per cent ecaleium chloride solution, Ho discoloration
was apparent after 2 hours exposure of the thawed slices to the air,
Penotrometer readings of 141.2 deeimillimeters, on the baked apple slices
from these tests indieated that the fruit wms of acceptable firmess for
use in ples, This reading comperes favorably with those given in Table 9.
Data in Table 9 show that apple slices treated in the "modified
scalding® medium followed by cooling the slices in sodium sulfite solution
were adequately protected against oxidation when they were exposed to the
air 2 hours after thawing, Baking tests showed that both soncentrations
of dry calelium chloride used produced apple slices with a satisfactory
degree of firmess. ' .
The penetrometer readings for these samples were somewhst at variance
with those previously sesured. The slices were less firm than in those
in other tests, but were satisfactory for use. Factors of maturity and
manner of incorporating the caleium may account, in part, for some of this
difference., Similar results were obtained when ice water was used for
cooling the water-scalded fruit, however, penctrometer readings showed
them to be more fimm, In Table 10, p. 22, are listed the variants which

were chosen from the preliminary tests for further study.



According to the resulis of these preliminary tests with Yellow
Transparent apples, the most satisfactory methods of using caleium chlo-
ride as the firming egent seemed to be (1) scalding the apple slices in
a 1 per cent caleium chloride solution, and (2) adding dry caleium chlo=

ride to the water-scalded drained frult just before packaging,

The anti-oxidants which seemed to be most satisfactory for use in
comnection with the firming treatments were (1) secalding in water for
2 mimtes, or (2) in 1 per cent caleium chloride solution for 2 mimutes,
followed by (1) cooling in sodium sulfite solution or (2) in ice water.
Therefore, it is desired to investigate these procedures further. These
data are reported under Main Experiments following the preliminary dise

sion on Pasiry,



Pastry

Although the preliminary emperiments on pastry were of secondary
importance to the work with apples, they were neeessary in order to ob-
tain a wiform produst,

Aceording teo data in Table 11, the dough miwed with the pastry
blender had the lowest shortometer readings, i. e., was the tenderest.
It also received the highest palatability seore, Since the pastry
blender has greater surface area awailable for use incorporating the fat
with the flowr, than either the foley or the takle fork, fewer blender
strokes were required for mixing pastry, This is in agreement with ro-
sults reported by Lowe (1946). Ste found that the tenderness and
flakinecs of pastry was directly related to the mmber of strokes used
in mixing it, i. e., the fower the strokes the better,

Table 11

Effect of Methods of Mixing on Pastry Quality

Tost Hixing Method Shortometer | Palatabllity | Ave, Mixing
Readings Seore Strokes
Ounces For 198 gn.
- Pastyry |

= e

As a result of these tests, it was decide to use the pastry blender
and as few strokes as possible, and average of 60, for nixing pastry
in the succeeding tests, After determining the method for mixing pastry,
the next factor needing consideration was the temperature of and amount
of water to be used in mixing the pastry.

Examination of Teble 12 shows that mixing could be accomplished
nore easily and with less water as the temperature of the water was ine
creased within the limits reported, Although the color and flaver on
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palatsbility score for the pastry made with water heated to 55°C. was
slightly higher them when the water of 60°C. was used, the latter gave
a satisfactory product end was judged the most tender and flaky, It was
decided to use the 60%. water because it required slightly less wmter
and fever strokes to produce the pastry. The disadvantage of using this
temporature of water was that it gave a rather soft dough vhich was somew
what difficult to roll. Because of this condition, tesis were performed
rolling the dough (1) immediately after mixing and (2) after being cooled
t0 30°C. Also, thres different sizmes of roliing pins wers tested,
Table 12

Effect of Amount and Temperature of Water Used on Pastry Quality

[Test [Ave, Shortomster|  Ave. Ave, Mixing Strokes
Beadings  |Palatebility | for 198 g, Pastry
Qs _Ounces Scores
- - bl
e
J‘ -
- 20,5

From Tahle 13, it will be noted that in three out of four instences,
both palatability seores and shortometer readings showsd o slight prefer-
ence for the pestry wiich was cosled to 30°C, before it was rolled. Also,
ia each of these three instances, the pastry which wus chosen had been
mized with the smaller mmber of strokes,



Table 13

Effect of Time of Rolling after Mixing on Pastry Quality

[Test | When Holled | Dimensions of Rolling m Ave, Ave.
Pin Palata- | Mixing
C m bility :
g | Tl i | s’ 15
Pastry
10 20 8L
' Gual. e 1

From a mechanical stendpoint, the rolling pin with dimensioms of
7 1/2 inches civewsference and 9 3/4 inches long was preferred becsuse
of ease of handling during rolling. The shortometer and palatability
scores for pastry rolled with this pin were accepteble as to rengs and
the pastry was a satisfactory product,

The baking of the wefers included eonsideration of (1) temperature
of the oven, (2) time, and (3) position of baking rack,

Aceording to data given in Table 1/, those wafers baked on the
middle rack at 425°F, for 12 mimrtes received the highest palatability
rating and had the best color, This score was spproximately 20 per cant
higher than for wafers baked at the eorresponding temperature and time
on the lower rack, The shortometer reading for these wafers chowed thet
they were tender, It was found that vhen the shortometer reading fell
much below this point, (16,3 ounces) the wafers were usually too browm
in eclor, hence not aceeptable.

Wafors beked on the lower mack of the ovems at 400°F. for cach time
period tested were less desirsble beeause of the degree of browning,
The palatability scoves, as well as the shortometer readings,



substantiate this eonclusion, A slight improvement in palatability
scores and shortometer readings may be noted when the wufers ware baked
on the middle rack at 400°F, over those beled an the lawer mack at the
same temperature, but were not as desiralbile as those boked on the middle
rack at 425°7,

Table 1

Effect on Quality of Pastyy When Baked for Different Lengths of
rmatMrmmmmummmm

of the Oven
Test | Positition in| Temp. | ©imo Ave, Ave, Ave.
Oven og, |Min, |Shortometer g‘fﬁg— Mixing
Ounces Seore 198 gn,
E s é ﬁ T3 57
g -1 10
£ B
£ EE =R =S
= s o "

Based upon the resulis of these rreliminary tests, the following
recipe for pastry was formilated:
Proportion of Ingredients Used in Pastry
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thogse slices cooled in oo water and frozen at -20°F. mm not fimer
thon those frozen at 0°F,, unless the slightly slowsr rate of froesing
of the water cooled slicos voudd ollow Ionger $ime for the recctisn
betusen thc caleim end the frullb o t.me plate, thus formdng ealelmm
pectoto, the firmdng substance in applaa, While in tho cose of those
slices eooled in sodium sulfite solution, same of the calelwm lons might
have boen procipiteted in the tisoues as inevluble exleius sulfite instead
of ealeivn pectate, during the adiitionsl venction time "1*.]‘&1 elarsed vhen
froozing at 0°F. as opposed o ~20°F, Although there was o lack of
dircet correistion in penstromcter roedings, the epple sliess In these
tests woro of o satislaotory dozbure Por use dn pies wud wore fira onough
to hold theoir shano.,

Date in Table 15 sbown that the apple slices were wupproximately tuo
or three timcs fireer bofors hoking thon afterwsrd. Because of tho ine
flusnce of baking on tho slices, this change in firmess wonld bo sxpect-

od and is sseessary in order U0 heve o palolable nroduch.

The ponslromoter readings on the thawed row apple slices, from Jote
corrosponding to those samples diseucsed under boled éli;ces, d@,ﬁ@‘z how
the some ovdor of varistion. In contrest to the readings on tho hoked
froty, dete In Toble 15 indicale thob two oub of three ﬁmley of the
thoued rav aprle slices gooled in v euifite solubion and frozen ab
¢°7. wore firmer than the fruit frozem at ~20°F. Horve specifically, he

aprls £lices from Test 1 B 1 were 38 vey cent firmer

and Pralt from Test 1L B 3 was 13 por cent firmer thon Test 1 8 3. The

thoved ravr gpple slices coclsd in sodiun sulfite solubion for 3 ninutes,
showod 1ittle diffcrence in penctromeber roadings whon frozen at cither
0°F. or ~20°F., 1. 0., the slices from Test 1 R 2 tested sliphtly firmer
than 1 B 2. Ap-le slices cooled in Ioo weter for 5 minutes had slightdy



Zoucy ponctronstor readings shen frozen ob ~20°F .y Y shen frozon o
097, 3. 0., the thuwed raw slices vhich had boon cooled in ice wnter snd
frozen b -;.,'}‘:’1"‘, {Tost 1 R 4) wore 5.1 por cent firmer than those frozen
at 0"%. (Tost 1 B 4), Penmofroumeter recdings on the theved rew sliseo,
which had boen dipped in sodiwn smlfite sclution for § mmxtes bpfore
freening and those dipned in i‘c& wabor for § mmtes and frozen ot s ‘v
or <20°F,, wore the reverse of those veodings fron the corresponding
beked sldces. ‘thabt is, the zow applzs slices fron Toot L B 3 wore firmer
after tiawing then those from Test 1 & 3, buk upon bking, the slices
Lrom Tost B 3 vers fimer than those fron Test 1 B 3. The row fruit i:"mm
Test 1 R 4w firmer oftter thering then thab fros Test B .&, but wpon
baldng, slicos fyom Tect 1 B 4 were firvor than those from Tosb L K &

The exact »ogson Tor this roversel in flymmess can not be attributed 1o

any ono Pantor,
The measurs of jnice drained fron the frult can act Lo eorrolated

with the penelrors Lom readiass of the haﬁ';eﬁ or baked fruil. %ho roncon

<

for tho varintioss in julce drainags from the varicus samples is not
hnown end neods Doptier study.

Data in Table 15 indiecated Wl in @Very imgtence the julco drained
from the thewod spple slices is sligh . the slises,
i. dey the julce gove a lowepr nil maﬁing thon diﬁ tho sllces. The boked

slices were slightly loss acidle than the thawed slicep, 1. ., they gave

slishtly higher pll roodingc. These differences in pH may be aecowmrsed
14 have been dlssolived

for in that sore of tho sulflte wmd chloride ions ¢
in the jules, thus moking it morve celdle -ﬁhaxz the slivess The influcnce
of the sugar and cornstareh zdded o the appie slices before they were
baked into ples moy have contribated to the slight deeresse in acidity of

the slices. There wad no pogitive correlabion botucen the amount of Julee



drained and the aeidity of the julce.
Palatability secores were made on the apple slices after they were
baked into pies, Results of these seores are glven in Teble 15,
Table 16

Palafebility Scores on Baked Appie Slices from Seriss I

suand  White

Palatability scores are not only influsnced by the variations in the
food product, itself but alse by the preference and training of the
judges, The ability of the judges to distinguish between slight wariations
in tastes and flavors, as well as their ability to tremslate into words
these variations, influence the palatability scores.

The baked slices from the fruit which had been cooled in sodivm sul-
fite solution and frosen at 0°F, were seored as being more palatable tham
those cooled in ise water and fromen at 0'F. Fruit frozen at -20°F, aid
not receive such wiform rating, However, of these samples frozen at =20°T.
the samples which scored highest were those which had been cooled in
sodium sulfite solution for 1 mimute and 3 mimutes, respectively, Part
of this difference may have been due to variations in maturity of the
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fruit, as well as to the differences in the taste and préforences of the
individual judges. The samples which were cooled in wmter and fromen at
0°F. and 20°F. (1B 4 and 1 R 4) showed oxidative changss which affected
both the eolor and the flavor of the frult, This discoloration was no
doubt due to the fact that 211 oxidative enzymes had not been inhibited
during the pre~freezing treatment, This seems to be further evidence
that sodium sulfite offers definite protection against cxidative changes
eince the sodimm sulfite cooled fiuit did not show this diseoloration,

Judging from the results veported in Table 15 and 16, the apple
slices sealded in a 1 per cent ealeiwm chloride solution for 2 mimates
and coolad for 1 mimmbs in sodivm sulfite solutiom (2 teaspoons per
gallon water) and fromen at =20 F, preserved the apple slices which hed
been held in frozen storage from three to four months more effectively
for use in pies than did the other methods used in Serdies 1,

Series II

The second variant which was tried as a pre~{reezing treatment for
Yellow Transparent apple slices consisted of sealding the fruit in water,
and coo’ing them in {}) sodium suifite solution or (2) in ice water and
adding dry caleium chloride to the drained slices, Table 10,

Results obtained from these pre-freesing treatuents afler a stor-
age time of from taree to four months are given im Table 17, with pale
atability scores in Table 18,

Penetrometer readings from apple slices cooled in sodium suifite
solution and in ice water and frosen at 0°F, were fimmer after being
baked than were those slices frozen at =20°F, More specifiecally, the
baked apple slices from Test II P 1 wore 13.9 per cent firmer than IIR 1,
while those from Test II B 2 were 7.3 per cent firmer then II R 2, and
slices from Test II B 3 were 12,1 per cent firmer than II R 3, end fruit
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from Test 11 B 4 were 13,3 per cent firmer than 11 R 4, Since the apple
slices in this series were scalded in water instead of the 1 per cent
caleiwn chloride solution, the slightly slower rate of freeming at 0°F.
a3 capared to =20°F, might allow some reaction betusen the dry caleiwm
chloride and the frult to take place, tims forming calolm pectate, the
fivming substance in apples, This mey explain the reeson for these
vesults, Penstrometer reedings on the thawed raw fruit which had been
coclsd in sodiwm sulfite sclution or in ice water and frosen st 0°F,
were firmer after {reoezing and thawing than was the corresponding samples
of frult frozen at -0 F, More spoeifically, the thewed mew apple slices
fyom Test II B 1 were 14,8 per cent flrmer than IT R 1, slices from IT
B 2 were 1.4 per cent firmer than IT R 2, slices from II B 3 were 2.4
per gent fimmer than IT R 3, and those from IT B 4 were 15,5 per cent
firmer than II R 4, These readings on the thawed raw fruit are 1ln agree-
ment with those seoured on the baked slices, However, the thaved rew
fruit was appraximetely two to three times firmer bofore buking than
aftervard, because of the cocking which is necessary in order to obtain
a palatable product.

‘Data in Table 17 shous that irvespective of the pre-freesing treate
ments, the frult frosen at 0°F, showed, sample for sample, greater juice
drainsge then a4d those frozen at ~20°F. The greater smomt of juice
drained during thewing from the frult frozen at 0°F. may be sccomnted
for, at least in part, by the fact that the slightly higher freesing beme-
pereture ellous the formetion of lerger ice crystals in the fruit, whish,
in turn would couse the rupburing of more cells, and tius result in a
greater julce drainage.

Tn =11 semples, except two, (II B 1 and II B L) the julsce drained
fron the thawed slices was slightly more acidic than the thawed raw slices,



Table 17

upph

Slices of Sealding for 2 Mimwtes in Water
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i. e., the juice bad a lower pil reading, In these two samples, the
thaved slices were slightly more acidic than the julce, The baked slices
were slightly less acidie than the thawed slices in all samples, i. e.,
they gave slightly higher pH readings. In keeping with the results in
Series I, some of the sulfite and chloride ions could have been dissolved
in the julce, thus making it more acidic than the slices, The influence
of the sugar and cornztarch added to the apple slices before they were
beked into ples may have contributed to the decrease of the acidity of
the slices, There is no positive correlation between the amount of
juice drained and the acidity of the juice,

Palatability scores were made on the apple slices after they were
baked into ples, Results of these are given in Table 18,

Table 18

Palatability Scores on Baked Apote Slices from Serdes II®

s FroZen anl otored at Uvl
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From the palatability scores in Table 18, it will be noted that
those apple slices which had been sealded in water, cooled in sodlum sul=
fite solution, frosen at =20°F, and stored at 0°F, for from three to four
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In these exporiments, penetrometer readings on the thawed raw
alices, which had been given the various pre~freesing treatments, were
taken in order to see if they would give any indication as to the rela-
tive firmmess of the baked slices, simllarly treated. Data in Tebles
BMI?M&thMtMWMWMwMM
sarily the firmer after baking, For instance, of all those sauples in
Serles I, which had been sealded in 1 per cent caleiwm chloride solution,
in only one set of samples Tests I B 2 and 1 R 2, was the order of firme
ness of the raw and beked slices the same, i, &,, those sammples cooled
in sodiwm sulfite for 3 minutes and frosen at -20°F. gave lower penetro-
meter readings (were firmer) than those cooled in sodium sulfite solu-
tion for 3 mimstes and frozen st O°F, It should be noted that there was
raw and beked slices for the other pairs of samples given similar pre-
froesing trestments and frozen ot 0°F. or ~20°F, Wnile in those samples
in Series II, which were sealded in water for 2 mimites, given different
cooling treatments and to which 0.33 per cemt dry caleiwm chloride was
added after the slices were drained, a different piectwre wes presented
by the penotromcter readings, Here, ull the samples fyozen at 0°F. geve
lower penetramoter readings than similor ones frosen at -20°F. This was
true whether the tests were made on the raw or baked slices.

More work is needed <r this perticdlar phase. However, these tests
apple slices is controlled, that penctrometer readings on the raw slices
would give some indication as the relative firmess of the beked slices.
The apple slices from all samples were approxinately two to three times
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firmer before baking than aftermrd, This is cxpected as heat softens
cellilose during codking,

When calor, texture, appearance, and flavor of the baked apple
slices, 1. e., palatahdlity scores, ame teken into consideraticn, the
pro~freezing treatments giving the move satisfectory producte of those
studied are: (1) sealding the slices in L per eent caleium chloride
solution for 2 minutes, eocoling them in sodium sulfite solution for 1
mimite, and (2) sealding the slices in water for 2 mimrtes, cooling them
in sodium sulfite solution for 5 minutes, drein, and add 0,33 per cent
dry caleium chloride to the fruit, Froit'the resulte obtained in this
study, definite comelusions can not he drawn oo to vhat is the most
effective terperatuve for freesing apples,

In comparing date in Talles 15 apd 16, and 17 snd 18, theve is
little, if ony, positive relationship to be found between the pensto-
meter readings on the beked samples and the palatability scores given
by the judges. _ 2

An effort was made to see if there was eny consistent relationship
betuween the effect of the rre-frecming treatment wpon the apple slices,
the temperature at which they were frozen, and the amount of juice draine
age during the process of thawing, It w411 bo noted in Table 17 that
those slices firom II B growp, thogo fromen a% 0°F.,lnd greater juice
drainage, test for test, (i. 8., I B 1 and II B 1, etc.) than those
semples frozen at =20°F. However, for Serdes T (Teble 15) this seme
order of variation does not hold, In foet, some of the samples frozen
at =20°F, had greater juice drainage than some of the samples frozen at
0°F. The data seem to indicate that more consistent remilts, as to juice
dreinage, are obt8ined when the dry caledum chloride 1s added directly to
the slices before freezing, than when the slices are scalded in a ealeium
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