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PAF»ll' APPLES P · II~ P . t'.! 

Oklaho • Appl.Qs are, · ue in tbnt mmne:r and. Villter 

this truit avail.abL throughout the 

experiencing loose d:· to cool 

variet:L s are ieularl.7 af'fi by tbi tr st. Apple 

ieties 

e.ari,, or Ill.id• r sustain s llm' lo~s · to eodllng mth in:f'os-

tatioo. ae of this tact, tbe1"e is a.n increasing trSlld 1n Oklahema 

ra ring planting o~ sumoer ma turillg apples. 

'.C tart f"lavor and juiciness or the summer apples a.re pc.lato.billty 

qualities highly desired for &uits· used in making pies. The te ency 

ot r nppl.es to disint.egrate \!hen coo oausa thel'll to be los 

acceptable .for in baked prod ts than the ority' of f'all and 'Win-

ter variatia • 1'heir pool"' keepJ.ns ities liait tbo t owr .mich 

they are a.valla.ble. In vi rv of' these si ti.one . ., th · i"" need for a. 

grea~ riety or methods of' utili:u.ng th!· crop if it is to in in. 

f'inancJal imports.nee to the f'aftlers. 

Prssel"'m.tion by f.reed:ng result 1n leas alteration ot the a.pp].$ 

flavor And text than processing oothode. Fi • :results 

have been reported an the zing trea nts 0£ a.pplf:ts. 

Limited wrk has hem eondue an e use ot various ea.lc:i... oolts a 

firmi:ng a.gents f'or b-ozen app1e slices, but prnotica.lly all of the 

studies have dealt 'With fall and winter vari· ties of appl s., 

The pu:rpo of this stuc)y to da : (1) a.coop ab1 ootboda 

for firming Yellow T~t apple slices Yi.th calcium chl.oridi ; 
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(2) acceptable methods and teria.ls for preventing discoloration of 

apple slices (a) during pre-freezing treatments, (b) during time period 

held in freezer storage, and (c) wen thawed for utilization in pie; 

and (3) the effect on texture , juice drainage, and baking qualities of 

calcium firmed apple slices or the temperature at which f'ru.i t was 

f'rozen. 

If successf"ul pre-freezing treatments for the summer and early 

fall variety or apples grown in Oklahoma. can be developed, a new ea.sh 

crop could be established for the .farmers oft.he state. 



B.EVIIR OF LITER.AT 

A s 

('Jince tho ~ var1ety of" applea o :many e toriotieo 

daairabla f'or pies, better . t! s or preoorw.t1on Freezing 

ls one of the tle,tl1ods "" d.. Frozen sliced ... pp s a 

used ineipall.y for pies. w. c. Gannt (1947) recen~ said in regard 

to the large !'rU.it p tio in this tate. Oklab . might -well be 

called the sto.to with the - atest po sihllit·eo tor .i. t of 

quiek troozing."' 

· zing app1es prenonts "" ne prolil.ems not enaoun ored vi th frui t£J 

ha.virlg colored f'lesb, o.s at:.rawborries and other small truita. 'l're sler 

and DuBois (1940) , Wiegand (1946) , Luther wld .crngwa11 (1946) state 

that <?i)rtain eondiUons met be controlled iZl order to have a go tro­

zea apple ·product. When ples al"'& not pro .:Ly trea.'ted bate freezing, 

they my deteriorate in flnvor, color, and~ • Darkoninc, cminge 

111 flavor" and softaning o£ toxture a.re particularly objeetiona far 

f'ru1 ts wh.t · used in pies. D lor t i on occur dur -

tJ.on of fruit ror freezing e nt.imle s1atd,y llX"ing and/or following 

thnv.tng. 

I t s long bean. kno-..m 

injury to the coll true · 

OVerhol.oor and Cruer.s. (1920), s and Bale (l.935) • and further 

atantiatod by .Jo"'l;vn (1941) in agreement concerning th t tba.t 

oxidative discolomt1on 0£ apples is action tal.yzad by peroxidase, 

nn ~ system sen~ in the .fruit. tissue. 'l'lU reaction occur when 

the enzyme ~ ~a the oxido..tion 0£ <u1tec:h<A compounds 

·Causing fomation of an organic poro;dde. Tbi lat substance when 
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acted upon by perox:t se 

rate a.,t · 1eb. . dove op 

e of ttw a: le t!!lsues.. The 

ionuhil) to · be ts.nn:tn content 

of fruit, i-. e.; fruit ontc._'l - ~ ant ot t.e.nnin dis-

e<>lor . than :ts c :t.a:Sn:1 ng oms1ler unts. 

It is .ttq,ortant tbot. per=.dase inhibited i ord to delq 

o · ~ool t1on of out t.ruit,. uarnf'eirld and S ell0...""S {1945) cl.a sify 

p · ~1 se inhibitors as { } tances that atfeet ~s direct and 

(b) batanees t acoelorate its :inact1va.t1on by pero de. T to . 

el.no , ich inel.udas tho sul.1"byclrfl eompou?lda. 1a i;oro impo t in tho 

nhibitton or fruit darkening. In 1946 »auo~ ind 

that tbe 

d1seo1oration of sliced appl.e&. 

Th acidic content of fruits va;rie.e botb with tbo variety and • 

ta,ge 0£ maturity~ This 1s e Uy- t1"ll$ with appl.es. 1gbt.ingal.o 

{1930} ound that developing fruits in aeidi~ until 

HL,;,IJ·.«-4 wen the per oent or acid suddenly sod., 

Woodroof' (1940} Npo that 1~ and citric acida oeourring 

in f!t-uit 1.mporta.ftt .factors in contro1l :1 ng encymati.e 

nnea.bility., turgidity ot eellf1- 'l'h not oacur as 

at decrea pH. 

Eneyr:re ino.ctivation by anting~ be· aoeoq,lished by the of 

st.ea or water scnldirig theds. Wa.tei- cald \11th subsequen:t cooling 

in tor ed g,oo.ter losse duo to l 1ng of nutrients than did 

steam "' ding or cooling ill air as reported by oet.Qm Regio 

search Laborato17 (1944), elniok C0o410rkers (1944), i ohl {l.945) .• 

and Cl'uoss .and Smith. (1946) . Althougb. tooJn aldhtg 1. u incipa.1-

reJ.al packerl!f,, thi& tbod is les qu ~ in tb:e 

home because of the lack of adequate equi nt . 



The ettoc·ti; · 

con»iderot 

gi 

(1946), 

5 

Luther and .c .... ~ (191/S) . 

i s tent • 

have not bee con 

is · eati in venting disool.ora-

. on ·wi 

or ·cq:r,tllo:; into tho frui· • 

eolutlon, or as a dry sa.l t complete ponctr.o.tiJ intco the sll i 

important. Tho · . workers am~oont wt"Jl !elniak~ e'' (l<JM) , 

<;J.SWo~ ( l 9l6) 1s (1944), Wic (1946) , !, tJler ·Tressler o.nd 

and Poi rs sselan (1946) . In goru:~ tho 1ov ,.......,..,...,..,....,'i, 

ator val: then ed 
. n ration pro-cad 

br eind. S1e!llil (1946} . 

If" 1 ell es will bo 

and t.traetive an O'Q.t"i bat will Th 

various w rn cl.so :;0gnize that the tad f'rllit 

tr.titian of the ascorbic acid int.o the fruit ti 

ri or u.=r,.c,,.y be~ore b'eeeing i not ract1, 1 la;t'ge quantities 

of fruit wst · "'SOO. EU is not 1n .geIJl&n:lU. • 
be ollowtng o.utllori~ , J~ (1930} ,_ Atl"....a.ui.,VJ,.l 

(1941""'42)., w~ (1946) are in t that .:. 

u se 1n '1!'.n'IO'terct.:u:ir. .1:ru.:1..LH 

" orkers also ............. 

!mtS 

f'lavot", and ~ -
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the fruit.. Tbs sugar iaeolws 1n this jut fi o. c ee ted 

f3Y1"UP • 1eh ~ drains to thG bottom or ntainer.. Alt.hough 

the sttgtl,19 pa.ck ferred for noat .t • orbar, et al (1944) s te 

tbnt snot beon t0'!.113d ssary for retention of quality of 

. ;pplos during ~zing ~. 

T-he tment at a; es bofore, t.reezing is an ~t f, .ctor in 

th t.Nmen torage lite ot this .trutt. Atkineon llDd S~ {191.:L '.i.2) 

and Woodroot Cecil (1945) re aueoes11d."al in di.scolo 

swell as 

Tressler and (1947),, indicate t EfUltited fruit shaoJ.d be held 

in oool storage - z1n to in - tion or 

the salt into the ppl sl1ee mnoe fre&z:ing sto trat!on o:r the 

salts of SQlli'Utl rr.c.y us as the fJOUl"O of' sulphur d.1oxide.. Sorber,, 

t al (1944} reported that 'When sulpburow:J il01d is used, a. delay to 

zing is not _ ossary :e te or t.ration ia rapid. B·~-

ot ott by the sulphurous aid and t.ho special aqut 

tbo.t tlUSt be- used, t.bio noid is not etioal s an ant.i~dant. for 

h use. 

'Qhi® tM food~ trozen is dioou by ssler and rs (194'1) ,, 

oolricli and tt (191.2),, cA.rthur (1945)- Lee, .Qortner,, 

Whitcomba (1946) . ~ ~ the colloidel eanpl.e:x ot the 

c.eU. and redu.c~s t~cy,.. zing at low ture pro-

-- ke 0?'1StQl«!~ ~ · · er the ice e~ta.ls ich am formed 

the le.es tenctencr th ra is, to rupture th cells. ~ (1938), 

Pln,gge (19:38),. Treesl . and DUDoia (1940)., cArthu:r (194S)~ and 
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-200F.) fer -ezing foods. cording to Nicholas (194S), the fa.ct that. 

irature of a liquid 

neeesai tes a l o· 0 e ned p 

This holds e for ck in ..., r or cyrnp. 

Discoloratio. ot peel.e fruit 

holding solution if delay is neeessa17 prior to nt,. 

Yorkers at th Western 

that apples should held 1n t brine (not over 1 cent 

salt, by .1 t) to prevent browning. Sor . r,et al (1944} rec the 

use or salt vinegar ~tion (2 tablespoons vin gar and 2 table-

spoons salt per gallon water) . 

Whether ecalding,. sy1"\1p k, bisulphite dips,. or ascorbic 

acid treatments a.re used to nt darkeni.ng,. c .netration ot 

the, appl slices is the important factor., according to P d 

Easel.en (1946). ork.ers are in nt that f'ruit treated 

with 1 scorbic acid or dipped in sod1 bisulpbite t be held long 

e.nough for the ehe cal to enetrate to the center of tb lice hero 

they are frozen. that ald.ing tru1 t in team or in 

water is effect! in preventing diseolomtlon if the heat is pene­

t:rating enough to intlctivate the eneymee contained 1n the fruit. 

Much interest bas been ohOWD int u ot various calcium sal.t 

tor l"OVUlg the texture firmness or ap le sl tor use 1n p1oe 

other produets. There i a ity or literature concerning th 

use or calci chlor. as a a.sent tor .pples. Bullis and 

Wiegand (1931) reported suceesstul. firming ot ab rrie by the us ot 

aal.oiua cnrbona:te.. ertosz (19.39) in his wrk rith getable8 identi­

fied cale1uni. pectate a.s tho Ussue t.irm1ng compound fo_ _ when ealci 
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Wood.roof and Cecil (1945) obtained good . sults with calcium 

cbl.oride ae the .timing agent tor fruits. P soe (1946) 

have developed ppl nliee • 

Their us of' calci chlori e as a f'ir.:ning a 

preventing canned, floe 1 

:sively sort or ~ when b6k in p • 
The mechanics of the calcium. f.'1rrlLing of apple sliees 1 discussed 

in detail b;y Baker (1947) • e concluded th t th unt or ea.lo 

ts necessar.y to aecompllsb the firming v1ll epend on e type o.nd 

quantity or natural salts p.rc:mnt in the alt tis , th de o o~ 

ripeness of the :f'ruit, and th tion or cidG eney.ne 

or naturally present. Esse.len, Bart, and ellers (1946, 1947) noted 

that calcium chloride also aided in tention of color. coord.ing 

to Esselen• Hart• and Fell.us, (191+6~ 1947) and Hills,. evin and Hall 

(1947) calci: salts ms:r be added to i:r. the u or. dipping 

ium. cb1oride or ayrup solutions. The optimum amauDt or c 

by Hills, evJA. and Heller (1947) to nm ri Yell® Trs.n~i.l'el'.l't 

• apple.a is O. l to 0. 2 per cent. They also fOUJld that slle 00 

after being treated v1 th calcium cbloride usually show ~~,ardeningf 

that 1s, the sllces are toughened on the surfaces but are still ft. 111 

the interior. th n. es or tb appl slices bee:Ott11:1a more u:ali 

after a f'ew weeks of storage prior to coo • • ... ording to Hilla, 

Bevin, and Heller (1947) the id fil"med 

sllces wu1d be to applg the ea.le cllloride solution by tion 

and impregnation procedun. th etand.1'.)(dnt o the h.Oilll'.l~~r tbh 

tit is a teh procos and 

equi t . 

The problem of' packaging fruits whicli to be tro21 ia 
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QCee$$ or outside air. Tressler (1940), Pen.~~ {1941) ~ woodmot and 

Dupree (1942) 1 Ra.back {1947) ,- and Treasler and Evers (1947) diseuss the 

advantages and di .. dve.1:1:ta5es ot the various types of oon~rs am eon­

elude that the desireble qu.illitle - 0£ n tiaterlal for tbio use e.t'9 that 

it be odorless, tastal.ecs, non-tclc1 moisture-vapo:r proof'~ ~b'e• 

and _.u,- s.niJ./or ~ -obteJ.nabl~. Typea or eont.ai.ners eor .a-ozen 

.frtlitt'J and vegetables irlo1uds wooden boxea . -_ 4 har::ela,. glae.s -t.U'ld tSn 

nontsinera-1 Slid paperboard carton- tdtb moi~~pl>OOf be.gs. 

'?be paperboard cart.on, baV1ne a maistl:tre-vapor,.,,proot eeilophane 

heat-sealed llnet" or ow.rwrap,, is c~y uSQd f'or holding ama.11 or 

bousebcld quantities of f'nlits eJ1d. vegetablea., De ~ - J.lltlflt be c~ 

Mlf ~ 1f' complete protection 1s !.$~cured ror thee :f'oc4. West.em 

Research tabor&Wt7 reported 1n Fro~en Fo:.>d Industl"]' (1946) and Food Ind., 

}! (194'7) state that an iq:!G:rfe~t- seal ruin, the e:f.f1cifflle1' of th& best 

w.te~po'r res1.stant mter'1al. 

Recent wrt reported by these uorkera ~ dipping the packaged 

i'rozen foods in e ·mi.ten ~t.Lc ~ which upon cOGllng solidi• 

ti-es and !'oms protective filJll.. 'l"'hls mat.hod 0~ pa.~ is not 

~ used because tt 1s expensive and 1$ not readily obtai?lable. 



Si.nee, sllc frozen pl 

quality of the stry 1 of' 

T d sirabl cbara.cteristio crust 

10 

s, 

teJ.y browned in 

the c nter. It should be t · r enough to be cu't ee.s1l7 with for: , 

the flavor should be pl.ea.sing· and delio te. 

t., and liquid. Autbori ti dif'tor as to the kind and mit or 
ingt'edien.ts which · ould be usod in in pastry', the ratio of .tat to 

nour showing the gro t.est. tion. 

The follOYing ratios of t to flour 

(1933), parts fi t to tive• part.-• no 1 W :te (l v.2) 1 thr E) psl"ts 

ti to eight parts tlourJ other wrkers (Food Ind., 12 (1945) a 

parts ti t to ten partrr tlour. ic la , Ruth, and S\rl,1380D (1947) rec 

mend the u of' a one to three t1o ot fat to flour f'or frozen pastr1e .. 

Thi t1o is also the amount co,mel?ldEld in tb majority of c book • 

According to Plat~ and . emiDg (1923) shortening has an rtaut 

atJ.on, tb.e nutritive value,, the k 

ing quallt,' or pastry. he amoi:mt ot £ t used depends upon how rich a 

pastry is desired. 

The a;.> well aa e """'""""t 0£ fat use infiuanceo the type ot 

str;r made. e definition or a f'at or short.ening given b:, Davis. 

(1921} has never n replaeo · ~ anoth~r. It is as f'ollows: 

ttA horte ls al:17 tat or fixed oil ueed as an ingredient in a 
baked product. That ter1al hn"' th greatest sh ning pouer, 
bich, when baked in a dough under standard eonditions gives to the 

product a minim: s 1 a crushing s • " 

Tho shortometer dev-ls by 



s~ of 1:us~o~ ~ la tor in\'n"'OVed tr; &ile7 (1934). The dbjeet1w 

testing of pa.st:7 -oond,,stu~s .~ doM -atth the· Bd.l~ ~tor. 

Aeeoriina to !l.obmson am :Ola.ck (1945) ta.ts are ~ted ~. 

la) ~r,gena.ted meat fa~~~ vef!l,'etable oile1 (b} blonds ot meat f'a'ts and 

V&g$tlitbl& oil•~ ~'11! (e} 'blerl'ls ot h,Jdr.o~d. ~at.a witl:l ~ fats 

or oils, either f:rotl veeetable or ~at ~. 11le ~~ gg lard · 

~t~ Sl1bm:ttted: by t..11& ten,Jinology COL:m1itt¢,<e· of' tho F(too ~ 

BtttlrJ.tivn. Diviaiant klflri(",an llom Econ.n11tb.,s .Ass.oeiatim U.947), also 

fives t~ ~~ ehstdf-ieg,tir.u:w... late (l.946) touad. that ~ Eade 

vit31. oils ht>.d the l.east ~ ·~ and hence wruJ. the ~ 

pasti-y. ?~ (1933),, ~ (193,4),, ltnd Lowe. {1938) tOUD1 ls.rd pa~ 

to mve ·t1m leat1t ~'"ll3kitlg t:1tmngtb of tho plastio fa:l.:e teated. JOl'don 

{1944) foWl! 'l;bat;. ~ h~~tiaa ot la;l'd. s.nc~s .its t.t.rmness but 

deol~es it.a eho~ '.P(TJGJ" h ~taey.. Mattll1 . ~ •. $Jld Robimott 

(1946) found~ to oo .l!l.ON digoDtible tbro1 wgetable oils~ a 

maj'or portion h nttt hy4l:'Oe;am.W and there is no a..~e destt"il.C­

tion o:t ~ l'l.ltural.11' oo~ing e,~tia'.l,: unsaturated ft-lt.t:, acids,.. 

Lawe, (1946) atc.tG$ tba.t butter giv~a <i\ ~~ crast.• one. ib.nt :le ~, 

but 'iihiah 1n moat ~e is le~ teuder ·than a pls.in pa-stry mtte vi.th 

l.ilrd 01';, hydi'O'g~~ tats., 

Uobla• et a.:t (1936)., ~"" (1937), ~ (19/1,),, ·a,n.i Love, H~ 

and. Dl:tohanau (193!). disoutis ht:iw- the· iodine u~ ~l ~~ point 

ot fat13, ~feet tbq sm:rl"..;e~ ~- izJeso ~~ fatmd that fa:w ~rl:th 

the ~at ioi:U.n.a ~lues: oni. lmroGt ~eulina points P1'C1rhme t.lte 

~rt po~tl.7J tboee fats 'which SI'$ tlle r.10st uua~.n-ated p~ the 

tenden:rt. hlt .not th.¢· ftakituz:\ paetr.7-•. 

Soft wheat, tlati&rs ~ a ~ pas~. Most ~~s rum in. 

~emant, with .las (1946) tbut all1>U.t'p0oe fl,our is ~a-able .t'br ~ 
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in ~ p-9.Str'J-. 

The te~ of mh'..itlt!1 ::aiitl !i~ tJ1:) dowJ11 aff:oct."j the i'..]'Ul'...lity 

edld wator and tlla hot water L'.itbodo. Acco~ to to110 (1946) tho fu.i.,,e, 

of pe.s'.tr:f obtained c:1~ to a lo.rge ~xten·t. upon tho ~'tQ: of adding 

the vo.tc.~ ~ rollil1t-.l. althou:r~ the ~thod of' :nrud.ng flour an..i fat, is 

important,. Poolongad ~ of' pantry :attor i,atar has ~en addad produoo s 

t,. paotry bnvhig a .b~..r ~ins :stmngtht hence n tmt.eh paatry. 

Bo.1dng temperotures reea~ed ro~ pastry ~l fron 3650 to 473°F. 

{lS5-2,4-5°C,..).- Lowe (1946) stet.en that. pa&trias ·bilked at tbe hi.ohm- 1e,1-

pe1-ou'b'..xres were l'Udged more ~tabl.e ... 

b;)Oll £lnd&.. SonD, ot the more ~t are thoso reported 1-y C~ and 

~ (1945), Quick Frozen~ (Jtm$,, 1946)~ H~a,, Ruth, nnd 

S'll1an$on (l947)t 1'ross1ar .a-ml :mvows (1947),, and Fenton {191~7)., ~Y tolmd 

tho devol~t of ro.tteidi-cy in tlm pastJ7~ because of tile £et oon.~ 

ir:.1 the mnjor .t~tor wh:i.ull muot. bo. controllerl., Tile 100($· ti.-oo :required to 
/ 

thaw pa.st-:t"F ~es 1t impracrtieal to troeze· it in 1"''1?'ge quentitios. 

{StmtlGrlin1 Collinr:i. and. llohoson (19/J)). A satisfaet,cqr r;:ootbod for• 

~zu:,.cr pa.atr., :shells and filled pies ms not. ~t boan perfooted. 

~ oot.!'lod o,f pao~ t'.!.pple slices tor frozen stiore4'J0 a!ltl also g~~ 

p~titma, of ~on'h-s;1, r:tet:hoda or r.tbihg oo(l. mldng pn.stey tor pi.Go 

ho,$ bean revieYed. 
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near Stillv-.2ter. Oklehoraa:1 ®d. t10ra ~ ~ tho ~nt of 

liorticultm."O o~s minttuned by the College.. ~on;ts ucro rondo 

vit.h the frnit ~rs to mip!)]-1 fruit ·ef' uniform quollty and rnt!.turitw'. 

Bushel .und hnl.f-bu.abel lo~ of apples were brought, to the hlboratoey e.s 

n~ to delay ri.pan!ng of' t:ru.1,t, tb0 upplGs woro kept in. cold 

s~ at ~:i..~ta:cy- //PF .• 
Otl1er mte~.l.a used in thi.s atud.Y m'\l diseussed in oo.ah section •. 

Equip),:11mt. 

Tho ocraipm.ent a~ed vus gimi..1-ar to ttw.t f¢Ullrl · In Mi"/l 110ll""°~fuipr,,oo · 

laborato...7,. BO"wl.s,. p~hlf£ knives,. t10a~11g spt.'OOO at'll'i cthor c~,1~ 

In order to d&ter1.une the p1 or the f\s-uit, 25 ffl~ apple slioo:a 

.and 50 ec., of ~tor were ple.eed in tae Warint: blond.or am1 l'Odueod to a 

~ aa the (4) ~"t.f ~ (b) ~l apple aliees una (c) juir::o ~ 

frarl the thtiiiled fru.:tt. 

The Dailey si1ortilt1eter tmo used ror· tooting the~ ot~gt.!1 

ot the p:;.stry wat(!rs. The pastry ~ers wre out into ~trip~, 3 l/2.tt 



iro:n 



In the.· prelku.n.~ tei1tii, s~ ooiila, two salts,, o.l'it .s:ewn uo~ 

salt$ combinations ·were Uf;ed de:ba;t1r~ ,;;:faieh wo.z: :a.cnst eff,,et,ivo o.-a 

m1 anti""°ld.da.nt to prev-0nt dioo®t>rr1.tion of tho 1:,e~loo :f:in:ctt, ~the oon""' 

eentration urwd, tho 1:rOllt~t ta:rJ.e n:r1d refmlt~ ti(ll'e reco1~11,d:,. Too mt:hotlo 

tised !l1!e gi':ven h:i. 'fable l. T!1e :resi..:.,u.tc of t..riese tests ,rill given . under 

Rosul.ts mld Discussian .ru:· i.'Jl1o paper .•. 

i:tue ~ .flf: the ~pple1 aoo~ to Bif;tolow,, Goro tia-~1,1,1 (l9Qf.5} 

.are [aiv>en .:m :i?iztl.'t'e L Tho va.ri<>uo r~e"'1ons o:f the a,1Jple olicea \dJ.l m 

rete~ t'I:> bJ" n,.~.o ~h~, d.ioe~sillg the roZcril:to 0:f onti...q-A.l:l~t tr..?a:h ... 

ment$,. 'ibo mm:. sensiti'V() portion of' ·wa an:y:1e slices ti,. ~ooti~. 1$ 

the core l&te. .Although tha torus flesh of tlie apple .oliees ruic;bt 1w~1 

uno;cidizai, i.:f the, eQre line dark~s., the sl.1000 ~. rei~10Nd unsntis ... 

taeto17 for uoo .m m.'\ldng pios~. 



.:.,.~,~ ->-\.:,i./·:Jt."-1H'~~ 
),Jf'-----:1---.......J'C}cre WodgG 
'-""----#-------~ft'.t l1c1fti,o::1 
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1 

Ci ie o · - 6o • 

20 - 150 mn. 

20 - 15 mn. 

20 - 150 

. ct.ant or sting with 

In the p~~.IJi,J;I~ O::tl)Grit:te:l1~s, be ~- or 

a.DDunt ot fruit ap a 

dif~ rt anti-a:xidant lut1ons. T1 kept in solution for the 
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time periods given 1n Table l . pproxima ly 36 a le slice 

placed 1n h lx>t..rl,. At t.be end ot t sting od a 

apple slices were ved and the eftectiven ss ot the anti-oxidant,. 

wno determined by observation and tasting. Triplicate sts 

eon ea.oh anti-oxidant at each concentration tried and tor oh ot 

the tim& period · • The standard tor judging the ettec ivenes.s 

of the holding olution s the devel t ·or (l} no ox1 tive colora­

tion and (2) no tmdesirable impaircellt to the f"lavor or the tru.1.t. 

Since the combination. ot 2 tablespoons di tilled 2 

blespoone iocl1£ed · t por ~ ter gave holding solution 

vh1cb was judged st desirable of all the terials used 1n the pre-

liminary te ts~ the apples for freezer storage were ted 

using this f"cm:mla. 

When larger unts o.t apple we used at time, th wol& peeled 

apples wre pt in a J..ding solution s escribod until suf-

ficient quantity . s ~ to be sl.ic • sliced ftuit s al held 

type holding solution. This solution vas kept 1n g.Lt.&~'"1,1 

oo:t"tbenware crocks. 

ts 

used in order to f'1m the slic a lee to inacti: te tho .truit 

enzyme • 

iat:tons 1n the t kinds of 

anti-oxidants the r of using sight ~iatio in the 

a.ua,uut ot cs.lcium cbloride, using two method of incorporating the 

we to detemitle ich the l!k)St desirable. A needle-type 

preci ion pene ter vns used to test the t ss of the pple slice • 

T edl al.l.owed to trate the trult ~or 5 onds. 
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adi.ngs reoordod as d c , !.. e., the opth of atrn-

tion be indirectly p rl1o to sa or th .t'ruit. 

d&gree 0£ or the apple slice 

fl"QCl l.2o-170 d • Result ot thos tes 

The concontrat1on or 
rete to weight of tb 

prepared for each 

triplicate, packaged 

chlor sol.ution as e 

r:s t. A fresh ;;Lution or caLCi chloride 

iplica J.e. All les t-1ere pre 1n 

held in £1,o storage :t OOF. for 36--72 hours 

before testing. Tho various th re as tallows; 

1. Solutio s :contnin1ng 0.5, o.75, r cent ca.le chloride vere 

prepared. apple sli s in tbe above solutions 

held at room ture. At in rveJ. ot 5, 10, lS, 20 minutes, 

respectively, samplo each ot the coneantra.Uons. 

Ant!.-oxi.dants ua above com tratJ.ons or ca.le 

ch1orii 

a orb1c acid per 60 fruit fo-r one or tests 20 ir 

cent canned pinea le juice tor tm0th r group. 

p pple juice at the 20 r cent tion 

les treated 1 cont 

ride colutiim fop 5, 10, 15, and 20 ~te , respectivafy:. 

2. Solutions conte:h:rf ng 1 and 2 per cent ealci cbl.oriJ , 

and so.mple o apple slices 1n tho soluti held 

at temporature f'or 20, 30, J.O, 50, 60 ti: ~-

then and all cli in a 

sod.1 sul.n:te solut1 (2 spoon par goJ.lon ter) tor 5 tdnutea. 

3. Th apple slices w placed 1n 1. 5 r c t eal.ci1 cblorido J.u-

tl<m held at room ture. Thay removed _ o oolutiaD. 

t interval o 5, 101 15, and 20 minutes• ti'mly'.- T 

th n drained and dipped in sodium sul.tito so1ut1on (2 spoons r 



on tel9) for 5 utes. 

4. C ci chloride soluti 

ohloride 

cent caloi 

in a gt 

20 

s par gall an te ) f'or ; • After rot:ta"n:l.l. 

rulfite lutio the fruit ch of tJle above tN111unen 

JlaCK:eel vith a sugar to f'ru1 .ratio of l.:6 an.ti 11 

5. Duplieate colutions each cont.aining l per c nt calcium chloride and 

2 toa. ons sodf sulfite per gallon or ter • One 

solu t. ;ture (17. 5°C.) other 

h to 4;0c. ~ placed in of these soluti.ons 

eld £or JI) mim.ttes. 

6,. Tri te portions of sul.ti ( 2 spoons a"" 

on · ter) · Appl& slic _s ld 10 minutes in 

portion held at (17.5 .} 5 10 . s, 

spect1V&l3, in tbe h0ll."t4:x:I (4,0C.) lutia • rr ·dra.in:ing o. 33 

par cent dry calo chloride to tho :t. 

7. 1 cont ca.lat oolut.i.on was 

for 2 mnute riod and oodium sulti 

as cooling ,.-...,l,.i.w.l 

8. Cal.cf ehlori in dey 

ding the fru.i t 

ci.g1,,ivr..u.L.a per gallon 

t t!ons of o .33 r nt 

0. 25 per cent fruit arte· 

treattnent bad been applied. The truit 

and J minutes,· respecti: in 

( 2 spoons gal Jon ter) and in i 

5 cinutos. · i'ruf t li>S.S 

added to the tru1 t . 

or 2 

:rosooe·tively', or 

chloride 



Tho pro~d pplo ali eu 1;:.;re .rrnpnod in go hle 

o SYvotcn d slicos \ 

covorvd eontainoz to vont f!Yl"llp loo ge. The pa sllc a · ore 

frozen aud sto_ o.t o°F.. for 36 to 72 bom ... .s in 

com:::iariool u 

into pies or tart ... e apple alicoo 

Since oul!"ito 

moot de ... irabl a!' all + &0so tes , the f."ruit 

soJ:ution as a ffa • e a~ t in · ·uu.o v • on 11th th 

Ti, :t oi' Y llo. Tr .. ~-001" t Applo Sllooa 

Paekaged sud Stored for· Uoe in 1.ea 

for 

ctor e using e}:lt • ff'erent , 

agent,. Tr-iplicate lo" ot of thes vc.ria.tions uu-•o fro.. at 
0 0.... 

0 .t and , 1t·. The trcatnront for tho 1 ..... slices a.re li .. too in Table 10 .. 



22 

Tabl.G 10 

Sne-r,i.i ... !'l' Sgl 1~9.n Coolin"' ]_oluti . 
Ice H2o 

0.33% .d:iii 
T st ~0~1. H .... O Hi •-fil! ... C 012 

2 !.fin .. 

. Bl X -. 8:1 J X . B 2 X 
1 R1 "i 
1 B '1 X 
1 l '3 't 
1 ' l J. [ 

'.l 1 I,. ~ 

ll B 1 ,, R l ,, B ?. 
11 R2 ,, 13 3 -11 ~ "3 
l1 B /, 
11 RI,, 

It ·m.Jj cc 

r 

to tho ot liquid. 

cent calc 

or 5 

2 fflf.n_ 1 ft - yr 5" l:j1t . ·~ 

X 
X 

1'. 
y 

X 
X 

y 

X 
y X I 

e , X X 
x X -' X X 

X x 
X j: 

X X X 
l' i X 

t 550 ~l?!l.S of' tho ra.v lie 

at no 

88° to 94oC. th~- tho .'!Vi'"'"""' ...... 

the , t the fruit added 

boil:1.na ter or a l 

soluUon. Attar .~l.,W.;.il,J~.f tho .truit w.s 1'000 

oool ~in =· · ,...L,4 ... il,;.1 fflllf1te (l7.50c .. ) £or 1, 3, 

Vb n ....-. .. ~Ha' tor PflC'KQ.gurg, 500 grams of th "' old butt s 

aw:roa. to th 



di ta-i. utod throu@lout tho a.pplo sllcos. 

o. tre ted i'ruit ws plo.cod 1n iatu.: 

t-soalod, put into oart;o . • 

l'mr'O'leinl:Wly 4 ho 

t ti.on of the mll.fite into £ruit 

oll~ 24 hour fr· riod,, 

f'errad to a locker s-t.oroo CUhl\'XJ.:IYLWfnTt having 

hese in storage at tbic ture til 

... 

heat-seal lac 

th m an ice retr!ga tor at 4 "' tor 16 hours .. , f.'rcmJ. 

the retrigera:tor. they ~ en out of the ond · pla.ced in 

~ inore and o.1lm · to f'inish tha·n.ng and drn1n tor .2 hours. 

the f'ollo. tests and sults orded: 

(a) on a.p ruJ.c. s , mspootion for o:x:l.datian ter 

readins,s, ~ pH ;i. ingo on both th juice ond sllc· s; ~ tubility 

sc res, rca.clil:lgs, and s, (b) pple 

sli SJ pG.la. nbUi ty scores, pH pe tro ter readings ond 

~ ~ .b 

stomU"d ru;rroad upon by the jlldg c tor a. ~ slices to be used in pies 

(1) tart sw i'la"lnr1 (2} tronslu.eent color, (J) no diocolora-

ti A copy of the scoro ea:td u in aboul:l on the f'oll<r.:1ing page. 



C eld.:ng Charts tor P s 

Slgna.t 

Date 

··--
Slie 

: 
w. - 'White 
?. - Yel.lou 
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PASTR.t 

p t17.,, en used in conjunoti.on Yitb tho ciua ti.mod pple oJ.ioos. 

S cost people pre.ti ,r flavor of' l'l:Ya1"08ena: eetablo tat to 

> it mi selec as the ortening to expe . · nts 

\11th pastry-. Tho pastry a rolled a lla!:'dt,11:)()d .........,,.;"""-

flour s adequate to p nt doilgb l cup flour stio 

urina rol.JJ.ng. The dough rolled to uniform tbickneoa au gauged t:,-

3/ 32 incb hardwood strip::s tnekod to th board and · s rolling s. 

Wa.fc:ra (.3 l/2.n lt 2 ) cut the 1"01 . r.rtl"y, The cut unf'm-s 

pricked and placed on tin lnldng. oo allovinB enru~ 

oa.eh wfer for Ut:lifo • 
oveno t epeeifiad -'teltlPOI~ 

throughout this phase.. 

T: qualiey ,of bakod m:.'t"3" in o.1l th 

(a) bren1d.ng teat.. r, and (b) 

aco ing. Tripllcllte toots 

1unlOOJ7 wor. on Jn$tr," :Incl 

• 

on series. or . try. l 

con.aid ti.on of '9brio~ f'o.otore listed 

· (a} • str.t blonde ,, (b) foloy fork, or (e) a table fork, rospecti 

1.y- ~a <?1)ncide . • .The or n1:dng s:trokGs 

2 . totlperature 0£ water and the a.tIJtJtUtt of it used m 

..--n-r:.,,..... qual.•.ty uaa oted. 1 

ted to 'tho tempera of 45°C. , 5a°c." 

roco 

1J. as that 

&:Pc. 7 xespectiveq._ 



3., Tho effect on , stry quality produced by conditions under i ch 

pastry was rolled included cooling tb 

comparison with that rolled as soon as mixed. 

26 

4., The effect on pastry qua.lit,. pl'Qduced by baking , tempe · ture,, 

and position of the rack in the oven, included using a 12, 13, 14, 

and 15 minut.e.,, respectively, beld.ng t at 400°F. and 425°F. , 

specttvely.. Waters were baked using a lower or middle (intermedia:te) 

placement ot th oven rack tor each of the baking time periods and 

.tor ea.ch oven temperature. s a result of these prelim1na:ey tests 

with pastry, a basic recipe. and rt.hod o£ handling was: fon:rulated. 

This recipe was used for making 1:b p ,st17 tor tarts end/or pioa. 

Tarte 

Th pastry was rolled to uniform thickness and cut in circles 

apple alices and 25 grams ot sugar were p ced on the center of each 

pastey circle. The trult wo. enclosed in the p stry and pl.aced on a 

cookie sheet. The cookie sheet of tarts placed Qn the middle rack 

of the oven. and baked tor 35 minutes at 425°F. 

The method of judging the eftecUvenesa or thee cium,.firming 

tment has been previousl,7 described. 

Pies 

As a reault or 

t.he pie .tilling reel w.s determined. Thi amount or tllliDg vas 

ad uate for an eight inch pie. 



Ingredient We1gbt in Grams 

1. Mix COl"!lStarch and sugar tho~. 
2. Oombine the above mb::tur3 v.Uh the apple slice • 
.3 . Pour the apple into a pa try lin pan. 
4. a 1 ' 
5. tJl pi.e f'or 45 minute at 4250,. in a gas oven .. 

.Arter beJdug1 th pies ·were alloved to cool for 3 hours at roam. 

the fruit we tested as il'"evionsl.7 described. 



ooeoss~3 to rintl a.n ,ef£oetivo c11t,i""°xidant to. um L"l t® h~ldh'lft 

:}Olutionq, In the literetlu-e 111:..:ny difforont anti-oxicmnts have been 

e~ested" but littln is k.nmm of' their ottoct UpOn apples. 

~ invast:tgat-ion m10tmd toot the al'Ple slices diooolm!ed · 

within 20 mil1ute~ :::hcin v.$,iug oitrio sc1d as tho antl,•••a.sidant for the 

peeled &.tit~ ftio a.eid ga.ve oooqJ.ate pratec·hion wen used vi.th 

pea.-chss., a~ to Woodr'°,J()f (lo/...O). Citric ~:u:l Dideii in: conti'ol.3.ittg 

~tie ~autton in poo.cmo2 bJ· oo~sing the plJ. cl tl1a fruit~ wt tms 

m·t sat,1srootoi"'3 for uze. with apploa. Yw.lou ir.m.spa't"&lr.ft. o;ppl.Gs have a 

bi~ acid eonten:t a.~ indleatoo b.r too:tr tart,. flavoP. •. 'lliG ioor,eas~d 

a~idi ty suppllad by the citt>ic aeid vas not o£.Ce.ctive with th:w i'rtu:t. 

Yben using ru.:corbie ooid., a.:; ·~4th ait.l-'1e acid, dioeol.ora.tion 0£ -the 

applos d-e?eloped tod.th.iu 20 to 25 ~'1 ?here \18.S an undesirable in-

iit.'ed WN saUsfw:tor.1. lemun j~ ms tried bf:;Oc:uro 1tc eon~ 1.944 . 

. grams ci'tl'ic acid Md o..017 gra:;:;m, t'lS4orbie ncid per ovmo :f'Nsh juice • 

. I-t vaa ~t. that lemon ju.loo r.tigbt. '.ba Gttoctive ~. neither citric 

citri.e o.c!d nor aseo~ acid. go.w anti~t protection wh&n used 

Lemon. Jtd.c~, al.though frequen~ usod id.th fruits to delq dis­

eoloration• gave ~ ~- remi!.ta 1i1mi used :ta th~ bO:ld:lne solution. 

~ nt the hipst e:oneentration used~ 4 per ooot (a~tely 2/3 



cup of juirie per ~~ W"a~r:) ,. ti1e a.y,,ple ~litlias &1.~~1od at the col'e 

l:tn~ 1rlthin 20 minutes bol~ time crtnd !md ,fl ... ~e:c.idoo tort fl~ •. 

Ho-NeVG!':, if lomon jui<;e ht1d proved cff·;;;ct,:bto as an ruit.1~2'.ldmlt,., the. 

· additiomt ®ITT'> 't'mult"l limi:t 1:to t1:nQful:ne9ss., 

:S!n~e oitr:ie acid~ eseot•bie ncid~ arrl lmnon ju.i.ce did :1.1rJ,t pmv:tde 

adequn te Pl"Qtieetion against o:dihti¢n for the slices, it. ~dtte .d,~.iclad to 

·~"'ld ot..1lo!'. m"'gmue aeidc .• 

N~t"~~ cidel"' tlO?• diot:i?.le!.l 11~t~:1::r tt:'l>t{lfl l!st~l t~i.nz~ as s;:,.r,; ::~ti .... 

· oxi&nrt, prot~ted the :t:r"uit a~il'.J;,rt. di:sc~1ott',t1c,n. T?1c ~rz,le ~llees 

·discol<>t'lad mth!u 20 mir.nwi:t., 

pcm- eent aseorb$e acid, ~o rosultA:1 ~1:milar tQ. tJ1oce 01:>t,9;:ined ~~tit11 the 

.~ jut~. Tho :nppla slice~ d~k'0nerl Hi.th!..~ 20 rain.ratos boldmg time:. 

Woen a, quant:t:cy ot gpt:,lo.s til'"e b6ing preyal!"ed1 it ~· ·b:!· a.{11:r1:1l!t~ that 

the delay betweoo tbe tL't'JJ or 1,~:L1tg the time ot ri1l0lraeing ·t..ho pra­

p,~t ~t wou1:t1 ~emd 20 minutes.. ffoM oft~ a~i.ds f,,'!}irt~ tl:ma £~,, 

tJ'ler€)t'o!'31 could re er.msid:$red ~s !1~1inz any prllet:ibal :dgaifioa.nee as 

an• ~Jlti-md.dant., lfork~:es at the, Eastern Regi~fl.1 Re.r.e.2ol'el1 ~tioreto:r.r 

(1947) :re"o1.01'd a 1 por ~....nt m.1..t rEolut:ton as ~n anti~'t; f:or ~ts,. 

Sinee _:l~oso wr!tera <lid not $P,,Cil)' t.tie Jtil',..d .of $,~,It u~ bo,th the .~ 

iodized · mu-1 :tozl1~.ed ~-'l.t· were ~rkld., 

lodism aut emitaina iQf'fAna., wh:t~h is a ~e:tng ~t. It was 

'-1.,ho~rt that this pl'Ol~l mlri'bt ~ itt!lii;~u. a.~ ·:l faet':'lv t~ p?"OVcn'b111g · 

diseol~:m:ti<,m of· the ~~pl..'!> :oliea~ 1dt.,'1.;J<.1t 1'~:i .. 'l."'m2; the flavor of tm 
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anti-oxidant protection fro non-iodized oalt, it was ss to 

such a high coneen tion of this salt to insur protection tor a 

as 6o mi.nu s that the flavor or th , fruit was 1I:ipai:rod. See Table 1. 

Sllghtly better protection against dioco1ora.tion s gt by iodized. 

salt. Simo o~ slight darkening was visible at the oore line, after JJ) 

minutes~ when iodiood salt at 2 

tions of e.bo the 2 ~cent ... t level gave a 

after a holding time o£ 60 tlinut.'3, al.tho the slices rre protected 

from d1 oloration. 

ThlelA 

ti'ect or (l) on-iodized Salt (2) Iodi Sult on pple Slices n 
D' sect the Anti-oxidant in tb olding Solution 

Test feet on Applo Slle s 'rime Limit Wi t.h-. . 

o tar entire 

satisihctoey at th concentrations used, 

stlt wero triad. Ono teaspoon salt per quart of " tor \Jill o 

approximate isotonic luUon; tberet<>l'e, th 
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~id 

spoon~ oo!t Qlld 2 t~blas!')-tl~ns vlt1e~,;r' :~:r gaJ.lon nf tl'!:~tQ' tore hnl<ting 

i:;ol:u:tlM., The• tra::rkers did not, at-;'lt;t) 1ibe k:fa:1tl .of ~"1;1t t1n·J/r:Y1· v1?10& .. :r 

tboy need. 

Table l ll ~ves data ;on the v:lne&Jt't" aalt. c:~m'b.tnati(!nn 0000. 

Iodized salt in ill the tests with w.ne~ 1?ffol:'l!le<1 l;,ef,,~ :protooiiun 

than <lid tliose tudng tb~f ;nl!)n-,i,00£;7.efl ~t.... Disti.,Uea vi.~e~;r, tif':tS r~m 
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'l' lB 

Te t 

a 2 T. 2 T. 

b 2 T,, 2 'l'. 

2 T. 2T 

d 2 T. 2 T. 

After having decided upon bol . step w.s 

to dete · the p tor tho ppl oJJ. • 

inVestig tion ot the llte·_,.,r,~~ ind..ic :too that ccueium cbl9ride an 

ettectivi f1ming agent tor , • 'l'hcreti , it decided to 

ctll.ei: eh1or as the. th 1 t 

bo i.n "' l.ut1a 

to be • 

Sine a r o.£ o.nti. xi t s d 0 tbe 

f'oll · o.nti-oxida."lts us 1n c ........... .-.i!'.'1.on 'With th 

oolei the .................. ...,.., testst (1) c.itric id, (2) 

P , (3) sodi sulfite,. (4) sugar, 

slic s ould 



the ~ system. 1ft ,~ to !)mvent ~t:Lvn diaeo~. Woo4'roof 

(1~) .• e,nu ill.epnd (19.46) usoo o:1tne ooid and iuoorbto ae1d · a,$ ant.1-

~s iw ~ing &c<>kw<!tiPn of f:v.11-h ~ f~~n a~®• ·· 

A• a result ot their work:, i~ was· declded ·to tey the etrecti~. of 

d~~bic acid• a ~rcial Pruit il:br.t w.bich emrtt:linail 96 p3t:> 

eent Qitri.c and 4 ,~, ceat .~ acid. 

Data .in Ta~ 2 shows that. the e,ppla sl..iees in t;hes~ te~ts cki:rkeneit 

so qtdddy ~· ~ that eitrie,,,.ascorbic .a,eid. a.t th~· ~ltl"u.tivn 

tWatl. lll.i! not. mtis~ a• an auti~&m.t. Bot.-~r, the a!,plo sliees 

bom ell to.~ weiie. fim «mouah to hold the.i?: ~ 1 1:rl'th the ~eptb1 

at thasa dipped in O,..S per ®nt CfJlcitlll chloride oolu+.,irm for 5 mmuten. 
~ result.a wdloate that thq 5 !;li:mr© d11lp~ ~ in o.5 por, oei1t. 

edeium. ch~ ie ~te tG .tb-m. the 3llees., Va..~tions in ~ 

ness wrg· ?) .uoted ~"ith each. ~tl~tio;;i ot cmlciwa c]ilo:t"ide um~. 

Penctlrai:19~ ~i, on the ~ apple ;;,lloes uh~ :no ¢CZ"JJ.,:1:~a 

bei.~ the dipping' ~ and ~ i'im:mss ot tb.a ~t.. It ·ms:, "f» ~·· 

~ that the mt-urit:, cf the ~t e,ua: the ·ei• of 'the: slieos ~:r ~ 

.D.CWY.':.llt ~ ~!mncy. ilsoi tbo. t.aet t.~:1t the norzce:n.~tio21 ,l;)f (:a}eilllll 

1n tho solution was not deter.mined: 1::ef~ro mt0.c.eetling 1}2.teb,'l~ ,:i~ ~les 

~. tao.tea, ~ be a !hot~ eonti~ibuttnB tt,. the ~i&U:~a in f"~s. 
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µca,.{.U.""bru ty 'BCUl'B8 

l1mioar:, te • As "''"""'" in Table 3,, 

G C iO .. _l'!'at'l!'= in time durinS 

which the calci reacted with previously s-tated, netro 

indica.ti 0£ acoe table 

in pies. 

3 

tf'ect ~ 20 Per Cant (l) Canned or (2} Fresh P le Juico and 
Ditterent Dipping Time in ariouo Concentrations o 

C~ Chloride on the Oxidation ot .Apple Slices 

• Penetro­
ceter Reet.d1.trgst 

Per 5 

to be unsal,;.l..f:il;xactory as .an ti ... 

oxidant• it w. sodimn sulfite 

vnriant. Filinger (1945) ~e .. t oodi sulft 

~.,,.\44 ot ·-· ...... - wuld g1 sati tion of 2 

oxidant protection for apple sllee . 

as the next 



better :t.i-oxJdant 

cent calcium ehlor s.olution> but a 

loped, 1.e., the slice toughened 

, on Fellers (1946, 1947). 

They found that in addition t.o its fir.nd..qg ru,ticn on pple sU 

calct chloride .also he1ped 1n the pre ti-on ot a:id.dat1on. 

Tabls 4 

' 

tteet of Sod! . Su.1.f'ite aJ.1d of Difterant Oipplng fl.rrea 1n Var1.ou.8 
ConcentratiotiS t Cale! Chloride Soluti on s or 

Apple Sl1ces 

Teet Er.feet o.t Anti-axidant on . 
tfmooksd1 Thawed Apple 

Slloes: 'Hma t Which Dis-, 

l uticn s UJ!Od, but did at the 2 per cent leve1. The higher co 

oentmt1on ot the calcium chloride:, in combinatJ.on with sodim:i su.lt1te 

solution, ga.'VI mtte:r ·proteotion .trcmi oxi t.ia • 

ss o'£ l..S 

calcium ehl.ori.de solut1o as the timing agent. 

t the 
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1n pie ., T ot 

solution ot calcium chloride of l per t concentration :£ 

~\:llU!.4£~ bo 

obtain more aati taotor.r produet, it would be ·sCW7 to 

lower concentration of calef chloride as e firming 

-Zable 5 

Ella t of Sod! Sult1te am 1.tts.rent D1pp1Dg Tines in 1. 5 Per Cent 
Calci u:a Chloride Solution on the Oxidation snd ~ Apple 

SU 

entuely tista.ctory pNd ts. it 

the anti-oxidant in C•OIJDi:te· 

that sugar or s.,rup -...- in prevention of' ox1 ti 

of the S1'1"UP .olntion. 

Data given in Table- 6 Bhows that in these eta 

sugar aided tn the t>l'le'1'9 

that the SJ.TPr drev considerable istu.re · 

In t., it s noted 

appl sllce.s.. 0 

workers haw nported mn:f lar ,_.suits. This amounr, or liquid 

• 
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Table 6 

Effect ot Sodium Sulfi , w ,, and CalcJ: ChlOl'ido on tb 

Test 

o..ddat!on Firr:mess ot Appl& Slices 

Ratio of 
Sugar to 
Fruit 

Because mu.oh time · s consumed 1n dipping slice in the ealcium 

chloride solution end sod.t sultite solution, re 

desirable to try other mean_s of a lying the firming agent and the ant.i-

ox! t to th f'rui t . s 

sodium su.U1te into one luUon and (2) dipping th inth 

sodi sulfite solution and adding the dry ca.lei: chloride to the d:ra.in­

ed fruit just before packaging it. Results or toes tw proo sses are 

shown in Tables 7 and S;., NS ti 13'. 

According to data gi'9Sl'l 1n Table 71 th apple slices ted in the 

eold eo1ution darkened re qui~ e.tter tha\Jing than di_d tho o ted · 

in th heated solutions. Apple slJ.ees .trom. the heated solution were 

acceptable both as to firmness and color than those· the cold solution. 

Pe ~ter ad1ng of 144.,5 decimill !meters as compared vitb 158.1 

ecimUlfmeters h1dicate that heat may be a factor vh1oh t'acilitatea the 

...a'i'='t".;-tto: Gt c ct into the t.ruit tissue. The sodi sult1: 8Jld 

ealc1 chloride reacted to form a white precipitate 1n both th cold and 

varrned . lutions. Therefore, the appl sllee did t reoe1 f'ull benefit 

o th a t1on ~ th two salt • Thi .fOl'!IIUl.a expres s the ch cal 



rea.<,tion taking pla.oea lfo~0.3 /. CaC12 --­

Table 7 

Ef£ect ot C 

~3 /. 2 aCl 

Ave. Ponetro­
ter &uadingns 

• Per 5 

he b ted sodt sullite colution (T o),. as ll s th so t1 

ul.ts 

uo.,.~t o.rldation bO:viond that torded t ·enil~ the protection t 

heated solution held tor S :ates (Test b). heating o tbe 

ot 

oolts. Tha 

well a:s the cone t 

development of ad . tiv& oolorat1 • oes ve 

'l' ble S 

f'eot or D1pp Tioo an T'Olllr:lEJri.lltuJ~ or Sultite Solu on 
Addit.ion ot o.3S Per Cent Dry Cale Chloride a the Oxida ion 

and Fi:rmlless ot A Sli.ces 

Test 



Sino& the sodiul:!1 sulti te troatment Table 8, d not prov1d 

68.'ti ti tor, ant1-oxidan:t roteetion, 1 t s ided to t17 ·•moc11t1ed 

·cald s 1n 

addin tb fruit d 9 wt:lPOX:-a 

boUing point'9 Powers and 

ot t 

(1946) 

cal 

a s -01' ins.ctiWlting the enzyme coloration 1.""l frtl1 • 

rel~ 'tests. not po tba 

satis~actory u.µ1,~ olic s 

scalded iJ one per ce alc-i 

oxpo • o£ the t &li. to the air. 

'll..l.ur.w~cre, on sl1o s 

t t..1113 f'ruit • us of cc to.bl.o fi eos fur 

0!111.;~~ fl :r.~ ~ mth tho-"..e von • T .... ble 9. 

Do.ta 1n T · h1o 9 sho.,r slicos treated: m the 1tDdilied 

scalding" ollo· tb :,lie 1n soc.ti.um sulfite sol iou 

were equate~ o::1da con they were expo to 

a.1r .2. hours tbll'idng B dng cto awed that both ~oneen ticms 

~ dr.y calcium ehl.or1de used produced a ti aetory 

&,gre of' f1rmne 

J.n other tecta, but tre · oati a.: ctory 

maime:r or inco ting the c 

dirterence. Sintlnr re ult 

aeeo t, in 

:JiJltl6"\'IIla,t t . 'II a.i;~ .i..tl..l~ 

than in th 

of this 

tor 

cool.iag tho tJ.l .truit, ter· ·--~-1o, 

th to be ,re i'L."'m. In Table 10, p. 22, are listed the variants which 

were chosen from the preliminary tests for f'unther study. 



Table 9 

Ettect of Sca1d.1ng ill Water• Coollng in SOd1' SUltite Sol.ution or 
in I Water and M1:dng with Cale Cbloride on the 

Oxidation and ot le Sllcea 

A z 5 
8$ 

b 3 2 
q 2 5 ' • 

155.6 
150.1 

d ;; 2 No disqolpratign 
e 3 5 
t J 

. ' 5 Ro ·scolo,tatign 
W,7 

Cordi to the ro ... t.., of preJ.imil:la.cy · '"to uitb Yellow 

.. es, t :.rt ·hodfJ of using calei: ehlo-

the seaCled to (1} oealding the e slieas 1n 

a 1 por e nt cal.ci eblor1de solution,. and (2) a din"' dry calai chl 

rido to the 

'l'ho see:med to be coot tis ctory for uoe in 

co otion wi t.11 the 1 

2 minutes, or (2) in 1 r t calcium. chloricl solution f'or 2 mi.nu a , 

folloved by (1) cooling in sod.i: ite solution or (.2) 1n ice t-er. 

it is des 

data. 

cus:::ion on Pastry. 



Al-thaugb th· ~ ~ 

impo. th& with I th 

ta.in uni.tom .. 

blonde 

lt also ' 

bl.A'l'tl':IA'P 
'-

oit!lol" 

., 
s 

.£--..·--.~· tor mixi.ne .t <'.>st'ey'. T . s !o in th ,,. 

To 

1n 

tho 

{1946) t. tbG tienderno S and 

tew 9, .. w..i:r .... 

• suocecid.ins te 

faetor DOCIIQUtg 

to tb of flT.'l"'GKl'!B 

the t:ter. 

Tabl 11 

aee.:J.® to 

i::l.'V~,.1,~ol,t'~\'7 of 6o,. tor trt 

ot tier to in m2-x1ng the pa 

~tmltlll'tion ot T h1 l2 ows that mild ng ou1d 

sill' and w1 th les the . :ture o~ 

~-v.tthhl the 1:1:cd.to roportod. Altb the color and tlavor on 



~l003:"a"t1tlre at "" .. ~!lo ... 

t difflcu1t to roll. 

rolling th& dal)8h (l.) ira,dia:te 

to x:Pa. Aloo_. T.!'n!I- ~w·E~t s· _$ ot .lo"V.l,,J.,1,1:,AG pi» tes 

Ta 13, it l1ill t of' our s, 

both tal>Uit,' a sl1 t 

tor- tbe st?y which to ... rolled.. A1ao 

three ' sta:.ac " 
vi.th th$ • o.f ., 



Table lJ 

st LIU..l.l:f. vi:;U,Jill ty 

st -c ~ . il'OX:imto]i 20 (Jent 

low th.ts ~ . {16.-3 o ) 

in color., • 

t 400 • 

008:J,."OO 0£ b1rotilnUU?. 

o, 
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Teot os1tit1ou 



-fa of ~ 

1. Sif"t the flour and salt tosether. 
2 ., Cut the at in th f'.lOUl' n salt to a conoiste y 0£ a. l!OarnA 

11, using a stcy blc re:, { appro · tJl Z7 atrokes ) • 
3. Add too w.ter hoo.tod to 60--n. to to stif.T d c • liJt ~ ter 

to tnt tile floor 'ti.1th tho 1 t to 
eut the· £:at into th nour . t , { .... ,:JP toly 33 strol:"s ) . 
Cool_ th doil~ to .30°C. 

5. ], t the and rolling pin liebtly vi th n be ore roll· • 
Roll dough to 3/32 inch th.t · :::;r. usL~ rolling Gauec strip 
guides .. 

6. or wafers, eut 3 1/2" I l/28 X )/32" strips, prick, p1aoo on a 
~ookio sheot 

7., F r pie• cut tbe <:,ough in a cireJ.e uitb an 8 1/2 inch eircutlfarene 
and plao. in a paper pi.e pan. 

• Dake -waters in ~ p n oven at 425 .. for 12 
middle oven rac position. 

9. .or pie, see ~tiens tor ie fiJJj~ und Proceduro. 



order ·t.hat. tt.l!i.V may-~ ~G~t(J,tile fol" u~ in ma:!d.n:g piett,-

PrGlir~ 1ro1i~, ·hsN~ n~d, ~dicatetl that: se.t.iafjQ.ewcy ~ -

f~ezing t1,~~.ttts ft,t1' th$:se ~r- aw:te:J Ild~:rt b$, pot1'S'J.ble . ., 1'h~ 

fQre, tihe~ia, ta:§rt,~ alr'G to de:teimne t>Jheth-er 01-- not theso 100:thodiiJ ~ve d~ 

-~ :re:liltitt~ :uhen Y~J1011 T~~1~1at ?ll'f1l-0 slices tl~- fmz® mid ec~ 

for- l!ffl&a:ir- period~ o'f' t~. In the pr01.:.lm:tn'l:P,:J e"~r~ts, the- o.:pple 

sli~t'JG WOl?O frog~ ~ storoo at tl''F,,, :fer a ~--lllt ,Qf n ~. !t 



!,$ 

lh• t.bis oox-~s,. tho "~it.ult.s ~ uc,u.ding· ~e ~le ruiee0: in a l · 

· per ~t eru:.oim ehlorillo ff0!,it1on •1 then. cQ!()ling tl1~ in (l) a eocli'Ula 

.ot(L.~te rolu.'timt ( 2 teaspoon3 ·per t,tllon l-ll.t~ ) ~ in {a) ice. va:t....-.ir. 

In ~~ ~;-;";tli1. lils aprla s'liees ttr~t~d in tbltt l&l(,'.m:lSl"' ~a sa.t-

!n.fae~ £1!md Jffld. no 01~tive diaeolora.tum. ~~ ·~ to twe .. 

1llbG.."1 ~ slices had ~ ~v.i!ll and ~d for hr1'ef1 r.w:t~u ef t~., . 

If this ~"e~?! mstbtJil J11l')Vea satim:aetoey i'Or l'~ll~ fn.m~t 

~le sli.ces ~ f'or-1~· ·pe~~ m: ·~. 1a .fro~ 3t~_.. ~ .~ 
' . 

exponeive ~ £L.--.ie ~~:tnfE trm:tmsnt vould bee ~~~ to the 

~" ·~lt$ Q'bt~ ~ ~· trer-"ltmrmtl!l with .storage ts.me.of' 

~. th1W ·to .tour ~s ~.ra 31,nm, in ~ble 15 uith ~tab!ltty ·.~ 

. ·in 7si;ble .~ 

1?~~1.ar ~gs ~le Oll• ·~. ,appl~ ~;l;.il~lS .~· tr47 ~ tho,w-,;. 

oo · ad ~ into p-$0$ abo~ tbnt t~~. app;!.o .sll1Jse cooled in oodi~ 

J)!1.!ltiti, ~J.ut,i.,'J?l ilnd rm~ ~t ,JJ.rJ'r. ~. ftnrAr than. tl'}~;:ze eo.:>loo ill 

~ ~ita solutioo and froztm at oOJr.. Mrae ~ii"ie..~, .fruit 

tr~ ~at. l I 1 ~ ~ro~tel,y 20 per e00,t ~r tl'.an I D ~ ~ 

.s11oaa ~m Teet I R .2 ~ 7 ·pw c~"lt f~ ·t11a.n I JS 2, eJ'ld tbose 

from fesw I R .3 W€i)re 5 per ei:m.t ftr..wr ~' I I 3:~ .?euetrrrc.cter l"OCtd~ 

~GOU th& ~:tit ,Jbiol1 Md ooeu, coc.doo in um ~tt(>,W i'w..~ f.-lve miuctUliS 

bGf'~ fl"~ai.~ng sttowor1 t.he !"e"'.r~a ot tb~ :ueiidi11(1'B 0,b~ £2."001 th$ 

tlmit ~led :ta ~ir~ a'UJ;.?.i'te 201:lrtion f'or 5 ~u~ .. ~t is1 Um, 

~~ ®':>lad mi~ .mt,er ~ *°~~ ati.rf'!!J. ( ".fe;t I B 4 ) tiaS S pal'· 

·~. ~r ~. th.~~ :41~ fl,o~ at -20°r .• , ~ ll:&s'Gll I R. 4 ),. ~ ~ 

ttetim of tllG .app1e slicefl Ot>~~1 in the $0,&iun. ault.:t'~ solution 3W~ 



'fable 15 

Comparison ot the Eff'ect on Y~, T~ Appla S.lices of Scalding in l 
Solution fe>r 2 ltinuta1J and Oool.lng in Sodiin Sulfite Solution £.or l, .3. or S 

·or 5 llimlte 

Test 

Oent Calcium Chloi-i.d 
n1:1fat,A or 1n .Ice Water 

t 
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those $llces cooled in ice \ro.tar and fro~en at -20°'1!:. ·~. not .~ 

tbnn those f!wozen at o°F., unless the sligh~ al~r ra:te et freezing 

betueen th(; calcium and tl!$ · frui tc to ta1:~ t>h.oe., ·tbu.s Zomi."lg cakiun 

peeta;te,, ihe f"~g wubsbtm i..q; .c.1)I}loo. W.aile m t.'le, caoo of those 

sllees eooled in sodium fflllttte ool.u:tiOll., SOl'lle or ~ cal~i1m ions r~ 

have ooen proeipitated in th.a tiso~ an 1.nooluble Ci;;i.lc.itw sulato il!W<J$ad 

of e~ci"ara pe~tate. dl,a:'lng the e.ddit:L:m,lal :t"'.;.~atio.t.1 ,t:i.;:ne whicl:t ""lzfst~d ubon 

f.t"oozing at 07.,. ·e.G apposed to ...:;?1)Ctp,. Altha~~.·~ clack of 

the ~tr~ter rc~d:t;~ on the thm*1il rs.iv applti sllcaa,. ~ .lots 

c:ol'Ttlspondtng to thoso smaplea diacuzaed: ·~· bt!lcetl slices~ dq.ne't sow 

~.am O'.t'do:r· of vt~i.,:;.ti<m,. In eontttlst to the rea<l!ng.s. ott. tho baked 

frt\lt, tl~1tc1, in Ta;blo 15 iudioute. thut t'"u0· m:rt, or th:roe r~e,S of the 

th".J.:nad. mi·u apple m.iees eoO:lc,d itt soait~ s-.;;uf!te. solution und. i'ro~exi ;.;.t 

otlr~ we~ t:b'fle?' ·than tho fr..d·G flv®n at """'"'!JJ°rJ~.. More sr,oolliealltY, the 

t.i11ple ~ll~es ~ Test l Bl ttere 36: per'· cent£~ tba.n Test 1 R i, 

and ~t ·~ Test l. .I 3 ua.·•J 13 par, cent ·~ than Test 1 R 3., 'TlJe 

t.~alred. n:tlJ ap~ aUites cool~l in ood1um fflllfita solution tor :, t'1itJ,utes, 

ahouad little d.!f£e~ iu, pooe~..ete:r re:::t.dings when f:cozen at eitbar 

ot;;. ,or ~"!fJ°r,.,., 1. e.,, the slices ~ T~nt 1 R 2 teot«t elitfatly f-~r 

than l 'B 2. Ap~.::il9 sliees cool.Gd itt 1eo water tor 5 minu:tefi1 had slight'.Jq 



Sl 

lowe:11' 1"":ir1m\;1~"1etor ~ngs wen f~n at 4'!.efJF., ~ Hlien i"~zoti ut 

d"rl· . 1-. G:. ;;, tl.ia :tJt:l'lled m,1 t11 ·Ices 1mioh .bad. b)oo cooled i;Q i.ce 1.:1utei• .. ~. 

t'rozon nt -2.o°F.~ (T'~fift l R 4) wGl'G 5.-l per oent f~ ti.w.n. those fxvze.n 

at rl"Il.., {'£'oat l B 4). Pe:net4"Qt11\'fta1 .. rer.:di.ngfJ oti the i;ha;1ved ~w sliceol' 

whinh bad. l"eitm ~ppai! i.!1 sOfliu:.i suli~te oc-lut:ton for , minato.s 1:rei,re 

t'ree~.a: and those dip~ 1n !ce iva~ fQ-1• 5 .mi®t.es ana t~.en tf'';J'•· 

or -~~a°'Jl."' · Wl"e .tl'Je '1CVGNS ot· tlmse reo4inr1t:, tmn: ~. «a'Te~Ul('; 

~xi slioos,. "i~l~ is, 1.l:i.e 1?.'lU app~ sli~~ ~. T:enti l :B 3 li$r& f~ 

ai.~ tha\i11nf; th,~ th~ ~ lf~ct l R ,31 . mt, upon. ~' the sliees 

i"'rom ~ast a :, 't-rem ~~ tium thot1e tr,,Jl'.:t ,es,t 1 B :;. ··'fbe raw truit n-on. 

ft-an the thawed· apple slices ia ~· more, (ta:kUc tl'l..,n. the ~liees,: 

1. a •. ,, 'th& j~ ·~ a l~r J>iI ~· ~1lan did tho slices.. fhe '.baked 

$line~ ~ alI,ghtl.:;y less a.e1dlc, tbtln the tbawd: sl;ice;,;,, i,. e., they ea,ve 

~li~tl;r h1;g{'l0r pII ~,,,~. !'~ ditt~ea in pr! my ··be o»~'t,;;ed 

for irl that· &,me of tl1e O'tllt:f.te a.ni chloriile :tons ·~ouJil ba'lle been ii;isso1~ 

"' .. ""• .· ,,J.~-,.,. -1.·~· ..,..,. ..,.,..'7"!: ,..,.,....,,...::1.&.--..:t... ,.,,.~·.11-.ii .t,._ J.'t,.- ,;c;...-m .. · '1,a -:t;t...,,._.,. 1.-,..,..f>,...-. ,+j:..,,....., ·~ •. -.. ··.'. Y£ ·WJ.~· ¥~~, ·~-~,A;. ~,v~;~-,_,~;,{WtW~r9,s.;1, --~~ :t/1' -~ ~1---:ili•._,,- -~J.itQ,W --~~~-p -~ii- -~-9 

bs>Jce<f into pies ~ .he,Vl.) eont,rib'~~ to the slight ~se in :acidity of 

the slices. Them ·.s· no positive c01~tion bot"~ ·fba e.m.ount of juice 
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th cidit;r ot juico. 

bllity 8COX'eS 1"0 on 

et 16. 

T t 16 

~.bUity co 80 I· 

tability H< CU..lC">"•• 

uct• itself b.ii; aJ:...,o by ""-aC!i.,..46.al.l'6 Of 

0=·"""".,.,. sll t -1~.1.ntions 
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