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IKT&ODUCTIOH

la  tii* present war, a* la  the la s t  one, dehydration has o f necessity  

been employed to preserve tremendous stocks o f foodstuffs for both the 

armed forces and c iv ilia n s abroad. During the la s t  war, 8 ,905,158  pounds 

(kS) o f  dehydrated food o f indifferent quality were shipped to franee; 

making th is  to ta l were potatoes, set# mixtures, carrots, onions, and tur­

nips. In the present con flic t the problem Involved not only the feeding 

of a far greater fighting force spread over the entire world, but 

c iv ilia n s  as w ell. The vastness of th is problem i s  reflected  in the 

combined m ilitary and iemd-lsas* requirements for the past two years (3 ). 

In 19^2, the to ta l pack of eleven major vegetables in  th is country was

75.000.000 dried pounds; in  19^3, th is  pack was increased to 210,636,000 

dried pounds, largely  for overseas consumption, for the sane period, the 

pack o f dehydrated apples, the major fru it crop detydr&ted for war pur­

poses , was 5^*©$0,0OQ pounds in  19^2, and 50,000,000 pounds in 19^3*

The 19bb pack of dehydrated spples was estimated by Bodds ( 20) to reach

50.000.000 pounds.

Although the dried-fruit industry has long been firmly established  

in  the United States, mechanical, forced-draft dehydration o f fru its  and 

vegetables had never been developed for commercial use in  production of  

high quality products, except for the dehydration of a few crops such as 

onions, gar lic , and peppers for condiments, and of prunes. The demands 

by the goveriaient for dehydrated food during the war have included both 

prodigious quantity and c learly -sp ed  fled  quality. Wodicka (68) stated  

that the quartermaster Corps wanted "more foods which are concentrated, 

stable sources o f vitamin C," and explained that for various reasons
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the army shuns vitamin p i l l s  for regular administration. An alternative, 

vitamin fo rtifica tio n  of foods, has been and i s  being eaq>loyed for m ili­

tary rations. With the advent o f many new dehydrating plants to be used 

for the f ir s t  time on many vegetables and some fr u its , the determination 

o f vitamins ex istin g  in the foods and the investigation of factors in  

forced-draft dehydration and in  storage, associated with vitamin and 

nutrient retention, became important in order to meet the quality demands 

of the armed forces.

th is  work was undertaken to study aseorblc acid, as a measure of 

vitamin C, sad other quality considerations in the dehydration end subse­

quent storage o f apples and lima beans. Apple* have long been Maryland's 

leading fru it crop and, since the war began, th is  fru it in dehydrated or 

canned form has constituted the major dessert food used by the armed 

forces as well as the major fru it shipped on lend-lease agreements.

Lima beans constitute a major canning crop in Maryland, then the lima 

bean studies were begun, th is product la  dried form was not used by the 

armed forces or in  lend-lease shipments. However, previous work, which 

w ill be reviewed, showed that fresh lima beans are high in vitamin C, 

and since the army called  for information (68) on a ll  foods high in th is  

vitamin, an investigation of the vitamin 0, measured by ascorbic acid, 

in  lima beans as affected particularly by dehydration was important.

fhs apple studies were planned to provide Information on: ( 1) the

e ffe c t  o f age o f stored fru it on quality, y ie ld , and reconstitution of  

the dehydrated m aterial, (2) the influence of varying dehydration tem­

peratures , esp ecia lly  higher temperatures, end consequent shorter drying 

periods, on ascorbic acid, moisture content, reconstitution, and sulfur  

retention, (3) the storage l i f e  of dehydrated apples as affected by 

variety , temperature, sulfur content, and nature o f pack, end (U) factors
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inT©lr©d ia  tb* pre-tra&taaat ©f appl©* k©f©r© dafaydratioa, ©specially 

th© influence ©f a blanch «*©& with rod without aulfurlng.

Of primary iat©r©*t la  th© lima t e n  ©todies w©r© the ascorbic aeld 

aad aoistur© coat ©at* u  affected bys (X) aaturity of fresh beams rod

v a r ia b ility  therein, ( 3) pre-drying t*a«tn©*t* iaclmdiaf blanching ©ad 

pr ©-blanching, aad (3) varying primary dehydration temperatures.



PARf I

i m w ' m i m  op applis 

he viip op h i m m m m

According to Craess <l6) , apples have 'been dehydrated* (o r  evaporated*) 

la  Aperies fo r at le a s t  a century. P resco tt and Sweet (56) uncovered 

reports  th a t dried  apples were Issued t© Onion forces during the G ivil t a r ,  

hut they assumed th a t the an tisco rbu tic  property  of th is  food probably was 

lo s t  in  improper handling and sto rage. Sowever, i t  was not u n t i l  the f i r s t  

world f a r  sad more recent years th a t  the p rin c ip le s  of dehydration were 

worked out in  commercial d e ta il ,  fo r  Information on the theory and p rin ­

c ip les  o f dehydration the reader i s  re fe rred  to Cruess ( 16) ,  Chaee, e t  e l .  

( 15)* Wlegand and associates (67), and to l i d t  ( 21) .

Vitamin C and Ascorbie Acid. The n u tr it iv e  value of apples, 

e sp ec ia lly  the an tisco rbu tic  p ro p e rtie s , received l i t t l e  a tten tio n  u n t i l  

the id e n tif ic a tio n  o f ascorbic acid  and the perfec tion  of chemical methods 

fo r i t s  determ ination a l i t t l e  more than a decade age. Some work is  

recorded in  the l i te ra tu re  concerning fac to rs a ffec tin g  the an tisco rbu tic  

p ro p ertie s  of fresh  apples. V ariety seems to have considerable influence 

on the an tisco rbu tic  value of apples ( 2J* 25* 3s * §3)* Smith and

f e l l e r s  (60) summed up the b io log ica l assays on v a r ie tie s  w ith the follow­

ing a rb itra ry  c la s s if ic a tio n : very good sources (H-6 .5  grams minimum

d a ily  feed ing), Baldwin, northern Spy, Winesap and Ben Davis; good sources

♦Dehydration is  used la  th is  paper to mean forced-draft drying under 
controlled temperature end humidity conditions. Evaporation i s  here 
interpreted to mesa natural-draft drying end implies l i t t l e  control over 
temperature or humidity.
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(7-10 grams minimum d a ily  feed ing ), Boa© 1 eanty, Rhode I eland Greening, 

and Stayman Winesap; f a i r  sources ( 10 . 5-15 grams minimum d a ily  feeding), 

Arkansas Blank Twig, Wealthy, Cortland, King David, and Golden D elicious; 

and poor sources (16-25 grass minimum dally  feed ing ), Jonathan, D elicious, 

and McIntosh.

C ultural p rac tic e s  once were thought to have an e ffe c t on the 

vitam in C content of the fresh  apple, the influence of f e r t i l i s e r s  was 

investiga ted  f i r s t  by P o tte r  and overholser (55) , who found s ig n if ic a n tly  

higher an tisco rbu tic  value In  apples from trees  receiving a  complete 

f e r t i l i z e r  than from tree s  which were u n fe r tiliz e d , This d ifference  was 

s ig n if ic a n t when apples were fed a t the 5 gran le v e l, hut when fed a t the 

10 gram leve l ( 5*0 no apparent d ifference was observed, Todhunter (63) ,  

using chemical methods fo r  determ ination of vitam in 0 , could find  no such 

v a ria tio n  between f r u i t  from f e r t i l i z e d  tree s  and that from n o n -fe rtiliz e d  

tre e s . Comparing ir r ig a tio n  to Ary-laad cu ltu re , Todhunter fa i le d  to  find  

any d ifferences in  vitam in C content of the f r u i t  grown under the two 

conditions, likew ise , with sprayed and uasprayed f r u i t ,  f e l l e r s ,  e t  e l 

( 22) demonstrated th a t an tisco rbu tic  value was not affected  by spraying.

According to  Todhunter (€3) ,  highly colored f r u i t  i s  apparently no 

higher l a  vitamin C than poorly colored f r u i t .  L ea f-fru it r a t io  had a 

varying e ffe c t depending on the v a rie ty , la te h e ld e r  and Overholser (7) 

found no d ifferences between f r u i ts  of high and low le a f - f r u i t  ra tio s  in  

the D elicious v a rie ty , but w ith flnessp , they reported th a t the high ra t io  

re su lte d  in  lower vitamin G content in  the f r u i t .  This Influence, however, 

was in d ire c t, fo r analysis of large and small f r u i ts  of both v a r ie tie s  

d isclosed  a  ra th e r  high vitam in G content in  the small fiaessp  apples 

coshered to large f r u i t s  o f th a t v a rie ty , while Delicious f r u i t s  were 

uniform in  vitam in content regard less o f e lse . Thus the high le a f - f r u i t
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ratio on the Winesap variety resulted In larger fru its  of lower vitamin 

content.

Association of vitamin content with chromosome number was suggested 

at one tine by fe l le r s  and associates (23). Baldwin, a tr ip lo id , was 

found to he high in  antiseorhutic value, while McXntosh, a diploid, was 

shown to he wary low. Brembley's Seedling, also a tr ip lo id , had previously 

heen reported as a good souree of vitamin 0 (9 ) .  However, la ter  work hy 

Smith and fe l le r s  (60) involving 21 varieties o f apples did not support 

th is association. Manville, e t a l . ( 38) suggested that vitamin C in  

apples i s  associated with gene a ctiv ity  rather than with chromosome number.

Distribution of vitamin C within the apple has been recorded by 

several workers, f e l le r s ,  e t  a l . (23) reported that the epidermis is  

four times as rich as the flesh  immediately beneath i t  and s ix  to ten 

times as rich  as the flesh  near the core. Shis i s  in  agreement with the 

work o f Manville, e t  al. (3$) ♦ and of todhunter (63). According to 

todhunter*s (63) analysis, the peel o f an apple contains by far the 

greatest concentration of vitamin C, while the rest o f the apple is  

segregated in  order o f decreasing vitamin content as follows: calyx

flesh , whole apple, stem and flesh , f le sh  only.

Campbell ( 12) and Hessler and Anderson (32), working with Jonathan 

apples stored u n til May, were the f ir s t  to investigate vitamin G in  

stored apples, whereas 20 grams of fresh apple per day were su ffic ien t  

u n til Sovember, 30 to bO grams were necessary to prevent scurvy in guinea 

pigs during the remainder of the storage season. Using a storage tea- 

perature of 36° f . , F ellers, e t a l . ( 22) recorded a loss of vitamin C in  

the Baldwin variety of approximately 33 per cent after 9 months of 

storage. Batchelder (6) and fodhunter (62) estimated losses in  excess 

of 30 per cent in Delicious apples stored for 12 months at b*f F.
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f r u i t ,  The authors s ta te d , fu rth e r , th a t I t  was impossible to su lfu r 

apples la  excess of U50 p.p.m. and they suggested th a t the su lfu r dioxide 

over th is  figure  was converted by oxidatloa to something e ls e , presumably 

to su lfu r  tr io x ld e .

The p rin c ip le s  sad some of the fac to rs involved la  su lfa rin g  hare 

been studied to a g rea te r extent fo r o ther f r u i t s ,  ch ie fly  the so ft 

f r u i t s ,  which are sun-dried in  C alifo rn ia , f is h e r ,  e t  aL(26) found th a t 

peaches, p eers, and ap rico ts  as a ru le  absorbed le s s  su lfu r dioxide when 

su lfu red  a t  the r e la tiv e ly  high temperature of 120° f . , but re ta ined  more 

during storage than f r u i t  su lfured  a t a lower temperature. Chase and 

assoc iates ( 13) ,  however, could a tt r ib u te  to temperature no Influence on 

su lfu r absorption and re ten tio n  in  aprioo ts. f is h e r  reported s i  so th a t 

prolonged nigh-temperature su lfu ring  treatm ents caused cut f r u i t s  to 

«bleed,® become mushy, and s tick  to toe drying tray s . Whole f r u i t s  

(grapes and f ig s ) , su lfured  a t 120° f . ,  absorbed and re ta in ed  more su lfu r 

dioxide th in  when su lfured  a t 70° f •* according to f ish e r .

Sulfur re ten tio n  i s  considered generally  to be p roportional to  the 

leng th  of the su lfu ring  period and the concentration of su lfu r  fumes o r 

gas in  the su lfu ring  chamber. Jew ell (33)* Chaos, e t  aL (X 3)t amd long 

and cowozkers ( 35) a l l  showed th is  to be co rrec t. In te s ts  w ith su lfu ring  

periods extending up to 5 hours, Chace, e t  a l. ( 13) demonstrated, however, 

th a t most o f the su lfu r  absorbed by toe f r u i t  was taken up in  the f i r s t  

h a lf  hour.

The e ffe c t of storage conditions on su lfu r dioxide re ten tio n  of 

dehydrated f r u i ts  was mentioned f i r s t  by Morgan, F ie ld , end Michels (b2) 

who s ta te d  tha t su lfu r  disappears slowly from dehydrated f r u i ts  in  storage. 

Michels, Mrak, and Bethel (**?), working on color and su lfu r dioxide re ten ­

tio n  in  dried  ap rio o ts , demonstrated d e a r ly  th a t temperature was the most
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important faster in  sulfur retention daring storage. Length o f the 

storage period, of course, was d irectly  related to sulfur retention, 

while a ir  in  the sealed containers also was important, the authors 

suggested that su ffic ien t air regained occluded in  the fru it to cause 

oxidative changes in sp ite of a gas or vacuum pack. Hltrogen, cartoon 

dioxide, and vacuum packs, therefore, did not show the retention that 

was expected when conpared to the a ir  pack. Moisture content seemed to 

have an influence on sulfur retention; in general, the lower the moisture 

the le s s  was the lo ss  o f sulfur.

Morgan and f ie ld  (H i), working with dried peaches, demonstrated 

that sulfured fru it retained the fu l l  antiscorbutic value of the fresh  

fr u it , whereas non-sulfored fru it lo s t  a l l  o f i t s  vitamin C. In a la ter  

report, Morgan, f ie ld ,  and Michels {k2) found that sun-dried prunes and 

apricots were lower in vitamin 0 than dehydrated fru it even when the 

amount o f sulfur present was greater in the sun-dried saaples. they 

stated that the v itaa in  protection afforded toy the gas i s  exerted only 

during the actual drying, and that sulfur content i s  o f l i t t l e  consequence 

in storage unless temperatures are unusually high, as a resu lt o f th is  

work, the authors proposed that the lower sulfur lim it for vitamin C 

protection in dried fru its  i s  ^0*^00 p.p.m. o f su lfur, beyond which 

lev e l l i t t l e  benefit i s  afforded, the mechanism o f vitamin C protection  

by sulfur i s  not known.

Blanching, cruess ( 17) attributed the fa ilure o f commercial dehydra­

tion o f many fru its  and vegetables after the la st war to the aversion to 

blanching. Blanching of fru its prior to dxylng has been practiced inter­

m ittently in the west for many years, but th is practice has never gained 

widespread application in  the Industry. Michols and Christie (H6) 

increased s ign ifican tly  the sulfur dioxide absorption toy apricots by the
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use o f a one-minute steam blanch. Ghaoe, Church, sad Sorter ( 1H), 

however, in sisted  that blanching ^ r ie o ts  resulted in  a lower grade of  

material, they reported that blanching after sulfuring resulted in a 

50 per cent higher sulfur retention than blanching before sulfuring or 

not blanching at a l l .  Begardiets o f the blanching method, the cups 

f i l l e d  with Juice in  the drying process, and th is is  considered wholly 

undesirable in the sun-drying Industry. Blanching of fru its  and vege- 

tables without sulfuring has recently been proposed by Brown, et a l. (10), 

but th e ir  data are preliminary and incenclusiwe.

gasyae A ctiv ity , though each has been written on the theory o f  

b io log ica l oxidation causing deterioration, th is review w ill  consider 

only studies d irectly  relating to apples. Onslow (50) studied the oxidase 

system in fru it tissu e  which browns on injury, and distinguished between 

peroxidase and an aromatic substance giving the reaction characteristic  

of the catechol growing. On injury, according to Onslow, peroxidase 

activates the oxidation o f  the aromatic compound with the formation of a 

peroxide, the la tte r  w ill  react with peroxidase and guaiaoum to produce 

a blue color. In a la ter  pepor, Onslow ( 51) concluded that the apple 

contains an oxidase system consisting o f an oxygenase, a peroxidase, end 

an aromatic substance with the catechol grouping, fhe oxygenase, according 

to Onslow, w ill activate the oxidation o f the catechol aromatic compounds 

in  the c e l l  with the production of a brown color and of a system which 

w ill produce a blue color with guaiaoum; the oxygenase also w ill  activate  

the oxidation o f catechol, supplied a r t if ic ia l ly ,  with the production in  

the presence o f peroxidase o f a sim ilar system. Overholser and Cruess (52) 

tested various chemicals to retard darkening in apple tissu e , they 

indicated that sulfur dioxide prevented darkening by reacting with the 

organic peroxide rather than with the easyme. Up to th is time, the most
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commonly accepted theory was that sulfur dioxide acted on the coloring 

natter fumed la  the darkening, and reduced th is dark decomposition 

product as rapidly as i t  vas formed, thereby retaining the original eelor 

o f the fru it . B alls and Hale (J) enpbasised the importance o f inhihlting  

peroxidase to prevent the darkening of apples. according to these 

workers , inhibitors f a l l  into two classes: (1) substances that a ffect

the ensyme d irectly , and (2) substances that accelerate i t s  inaetiTation  

by ^rdrogen peroxide, the former class was considered the more important. 

They indicated that treatment o f apples with a dilute solution o f gluta­

thione or cysteine sa lts  permitted drying or long-keeping without 

discoloration. The work o f Benny ( 18* 19) resulted in the use o f thiourea 

in  th is work and in apple dehydration plants throughout the nation for 

keeping the cut surfaces of apples from discoloring during preparation 

of material for dehydration.

MATERIALS ABB METHODS 

Dehydration Equipment and Procedure

Two machines* were used for dehydration of the fru it . A small 

cabinet machine (figure 1) with a capacity of 2  ̂ pounds o f fresh apples 

was used In the f a l l  o f 19^2 to determine the e ffec t of various primary 

drying temperatures, and in  the 19**3-*& season to study the e ffe c t  of 

maturity on the quality o f dehydrated apples. This dehydrator was heated 

by screw-base heating elements; a small fan maintained air movement at 

the rate o f approximately 600 linear feet per minute. Traperature was

epesigned and b u ilt by Professor 0 . J . Burkhardt, Department of  
Agricultural Engineering, Maryland Agricultural Experiment Station.
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X. f t*  Q&btm t  dehydrator.
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regu la ted  e le c tr ic a l ly  by a therm ostat, while the amount of rec ircu la tio n  

o f a i r  was con tro lled  by means of two smell ren te  at the loading end o f 

the box.

A steam-heated tunnel dehydrator o f p i lo t-p la n t  size  (fig u re  £) was 

used fo r the dehydration of large ©mounts o f f r u i t .  This machine consisted  

of two compartments: a high-temperature or primary tunnel with a p a ra lle l-.

cu rren t a ir  flow maintained a t a ra te  o f approximately 1,200  l in e a r  fe e t 

p e r minute, and a low-temperature or secondary tunnel with a counter­

current a ir  flow which was kept a t about 600 l in e a r  fee t per minute. The 

apples were exposed to temperatures in  the primary tunnel a t con tro lled  

higher lev e ls  than the * finishing* temperature in  the secondary tunnel.

The usual ra tio  of trucks used in  the dehydrator fo r apples was three 

trucks in  the primary tunnel to four trucks in  the secondary tunnel. Six 

13 x 2*1 inch trays made up a  sing le  truck . Two «buffer* trucks were used 

before and a f te r  any p a r tic u la r  group of t e s t  trucks, and also when 

primary temperatures were ra ised  or lowered so th a t the te s t  trucks were 

subjected to the f u l l  time at the temperature specified . The secondary 

o r fin ish in g  temperature was kept constant, unless otherwise specified , 

a t a temperature of approximately f .  To measure temperature and 

humidity conditions w ithin the machines, wet and dry bulb thermometer 

readings were recorded every five  minutes when using e ith e r  the cabinet 

or tunnel dehydrator. Because the primary temperatures and the drying 

times used in  th is  work varied  considerably, th is  information w ill be 

given in  those sections where i t  applies.

Apples to be dehydrated were se lec ted  for uniform ity of size  before 

being peeled and cored with a mechanical pee le r. Only medium-sized f ru i ts  

were used in  th is  work. The peeled and cored apples were dipped in  a 0.05 

per cent sodium thiocarbaalde (th iourea) so lu tion , hand trimmed to remove



figur*  2. th *  tuasMi deiaydrator.
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bru ises t sad each apple was then cut l o n g i t u d i n a l l y  by machine Into l6  

equal sec tions, fhe section© were dipped immediately in to  the th io car- 

bwnide so lu tion  again fo r a minimus of 30 seconds and tran sfe rred  to dry 

stock pans.

fray s  were loaded a t the ra te  of 0.75 pounds per square foot and 

placed, s in  (one truck load) a t & time, in  an a i r - t ig h t ,  plywood su lfu r 

ton* Sulfur dioxide gas was introduced fro® a cylinder through 5/g  inch 

g lass and rubber tubing and the gas was forced through a trap  f i l l e d  with 

m ineral o i l  through which gas passage was con tro lled  a t a uniform ra te , 

fhe standard su lfu ring  treatm ent consisted of a 30-minute exposure to the 

gas which was introduced in  the f i r s t  3 minutes o f the treatm ent a t a 

to ta l  amount equivalent to 10 pounds per ton of f r u i t ,  fhe su lfu ring  

treatm ent was so timed th a t no longer than 3 minutes elapsed from the 

time the trucks were removed from the su lfu r box u n t i l  they were ro lle d  

Into  the dehydrator. then the cabinet dehydrator was used, the trays were 

tran sfe rred  immediately from the su lfu r box to the dehydrator which had 

previously  been brought up to desired  tem perature.

Dehydrated apples were "conditioned* fo r a period of s t  le a s t  2k 

hours, fhe process o f conditioning consisted  of p lacing  a l l  o f the dried  

apples from a sing le  lo t  in  a n o n -a irtig h t container; when the time of 

conditioning was extended to one week, da ily  mixing of the m aterial was 

p rac ticed  to insure thorough contact and uniform conditioning, fhe pur­

pose of the conditioning was to allow the d r ie r  sections to take up 

m oisture from the w etter sections; in  th is  manner more uniform ity in  the 

moisture content w ithin a single lo t  of apples was obtained. In  the f a l l  

o f 19b£ enameled buckets covered with cheesecloth were used as containers 

fo r conditioning. In  the spring of 19**3 » shallow plywood tray s  were b u il t  

as conditioning containers and used throughout the remainder o f th is  work.
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Sugar and Starch, to ta l and reducing sugars la  dried material 

stored ia  the common and cold storage rooms from March, I9U3, to March, 

19HH, were determined using the Sh&ffer-Hartmann method ( 53) .  All later  

sugar determinations and a l l  starch determinations were made using the 

Helnse and Mumeek modification (31) o f the shaffer-Scaogyi method, 

because th is modification was found to he satisfactory for use with 

dehydrated apples, and i t  was considerably more rapid than the Shaffer* 

Hartmann method.

peroxidase, peroxidase was determined q u a l i t a t i v e l y  g g & ia g  i j * b  

drops of a 3 P«* cent hydrogen peroxide solution and an equal amount of 

a 1.0 per cent guaiaeol solution to a small portion o f a sample (2 or 3 

grams) In 20 ml. o f d is t i l le d  water. The sample end reagents were 

thoroughly mixed end allowed to stand for 15 minutes before the resu lts  

o f the test were recorded. Blank determinations and boiled controls were 

used at lea st once a day. The guaiaeol solution was substituted for a 

tincture of guaiaeum used in the in i t ia l  te s ts  because guaiaeol produced 

a reddish color in the presence o f peroxidase, a color which was somewhat 

easier to read, and which has been reported as more reliab le (53). Yaria* 

tions in  the color in tensity  of the guaiaeol reaction were observed in  

th is work, and therefore, in la ter work an attempt was made to make the 

method semi-quantitative by giving a numerical value to a ll  positive  

reactions, using amber 5 to indicate the reaction given by fresh apple 

tissu e . Less Intense reactions were given corresponding lower numbers.

The weakest p ositive  reaction was ca lled  plus and was given no numerical 

value; th is reaction produced color only in  parts o f the carpel and in  

some vascular bundles.

Sulfur. Sulfur determinations were made according to the method of 

Hichols and deed (b9) as modified by Mrafc (bh). the procedure was modified
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in  th is  work to the exten t th a t sore  so lu tion  ( about g§0 m l.) was

d i s t i l l e d  over In each sample to make absolutely certa in  th a t a l l  su lfu r 

in  the saaple was tran sfe rred  to the d i s t i l l a t e ,  The method o f preparing 

the sample also was changed. Instead  of grinding the sample in  two food 

grinders as spec ified  by Mrak, the sample was p a r t ia l ly  reco n stitu ted , 

macerated in  a fa rin g  blen&or fo r 30 seconds to  a  sem i-liquid consistency, 

and rin sed  in to  the d i s t i l la t io n  fla sk  with d is t i l l e d  water, th is  method 

of breaking up the sample was fa r  more rapid  as well as exceedingly 

thorough*

M oisture. Although o f f ic ia l  methods (1) regarding m oisture deter­

m inations o f dehydrated f r u i t  ca lled  fo r a drying period of 6 hours in  

vacuo a t  70° C ., the curve shown in  figure 3 , made by drying 12 samples 

o f Stayaan winessp apples in  the vacuum oven a t 70° 0 .,  ind ica tes th a t 

6 hours is  In su ffic ie n t time fo r complete removal of moisture from 

dehydrated apples. As a re s u lt  of th is  prelim inary t r i a l ,  a drying time 

o f 16 hours was adopted as standard fo r a l l  moisture determ inations on 

apples reported in  th is  paper.

R econstitu tion . Cold water reco n stitu tio n  of dehydrated apples was 

determined by obtaining the drained weight of samples every 20 minutes 

fo r a two-hour period . Although more water would be picked up by 

add itional soaking in  cold water, i t  was found th a t d ifferences which 

appeared between samples in  two hours were not a lte re d  by extending the 

period beyond th is  time. Moreover, th is  two-hour period was double the 

period  recommended by the army (2) .  Twenty-gram samples were immersed 

in  300 ml. o f water a t approximately 25° 0 . end the schedule was so 

arranged th a t each sample was allowed to drain  fo r exactly  one minute 

p r io r  to  weighing. A Wo. 1 t in  earn with a copper screen bottom was used 

to hold the sample, and a Mo. 2 can was used to hold the water. Care was
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exercised  in  se lec tin g  each sample to obtain uniform ity in  e lse  of 

sections making up the eample. Uniformity of dehydrated apple sections 

was found to he imperative in  g e ttin g  duplicate samples to agree. The 

re s u l ts  of rec o n stitu tio n  work are reported in  terms o f moisture recovered, 

calcu lated  as per cent of i n i t i a l  moisture in  the fresh  f r u i t .

ISSULTS

I f  fee t of Temperature end Humidity in  Dehydration 
on Ascorbic Acid and Moisture Content

Cabinet Befay&rator. York Im perial and Staymaa Winessp apples were 

used fo r th is  study, and from harvest to processing in  November and 

December, 19^2 , the fresh  apples were held in  the 33° F* storage room.

Three primary drying tem peratures, lH$°, 175°* *>90® I . , were used with a 

standard secondary temperature o f X650 the  175° end the 190° t r e a t­

ments the primary temperature was held for 2|  hours, a f te r  which time the 

temperature was lowered and maintained a t I65P F. fo r 2 hours. For the 

1^5° treatm ent the primary time was the same, but the secondary drying 

period  was extended to 2|  hours, since more drying time was necessary.

In  order to  hold a temperature of IfO® F. ia  th is  machine, i t  was necessary 

to keep the vent openings sm aller through the primary period than when 

working with lower tem peratures. This p rac tice  resu lted  in  a higher 

temperature, but also a higher humidity since more of the m oisture-laden 

a ir  was thus rec ircu la ted  through the machine.

Humidity d ifferences among temperature treatm ents were maintained in  

the primary drying period only, while the humidity in  the secondary period 

was nearly  standard fo r a l l  lo ts ,  and during th is  l a t t e r  period the re la ­

tiv e  humidity was 10 per cent or le s s . The re la tiv e  hum idities produced 

by con tro lling  the amount of re c irc u la tio n  in  the cabinet are shown in
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tab le  1 . The 1**5® treatm ent re su lte d  la  a  somewhat M ghtr re la tiv e  

humidity than was found a t higher tem peratures. The 175* treatm ent gave 

a much lower humidity throughout the primary drying period , while the 

190® treatm ent produced a high ra la tiT a  humidity due to the necessity  of 

keeping the vents acre nearly cloaad to  a a ia ta ia  the high temperature.

At the end of the primary drying period  in  the 190® treatm ent, however, 

the humidity was lower than th a t produced in  any other treatm ent.

TABU 1. le la t iv e  humidity p reva iling  in  the cahinet 
dehydrator during dehydration at d if fe re n t ia l  

temperatures and two humidity lev e ls  in
the primary drying period.

11
lours

le la t iv e  humidity (per cent)

in
dehydrator

190® f .  j 175® T. : 145® f .  
Treatment : Treatment : Treatment

• s• •
Low huaidity condition.

0 .2 5 61 : 49 : 64

1 26 ; 22 : 36

2 .5
• •

7 s 10 i 15
e •

High humidity conditions

2.5
t :

37 ! 40 ! 47
* «* e

Constant low hum idities could not he obtained in  the cabinet dehydrator 

during the primary drying period, but a f te r  the f i r s t  hour the hm aidlties 

rap id ly  reached a low le v e l, as vents were fu lly  open. On the o ther hand, 

the high humidity conditions fo r a l l  three temperature trea tm en ts, produced 

by keeping the re c irc u la tio n  vents nearly closed throughout the primary 

drying period , were nearly  constant throughout the f i r s t  2$- hours of drying. 

Tor the 190® treatm ent, the re la tiv e  humidity was approximately 37 per cents 

fo r  the 175° treatm ent, ko per cent; end fo r the 1^5® treatm ent, k j  p e r cent.
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The resu lts o f these teaperature-humidity tr ia ls  ars pr#ssntsd ia  

figures k through 11; tbs e ffec ts  o f primary temperatures and humidities 

are discussed in relation  to the resu lts from the to ta l drying period.

The lo ss  o f ascorbic acid ia  the 190° treatment was considerably greater 

than that in  either of the two lower teaperature treatments. Whereas the 

1 5̂° treatment resulted in losses o f k$ to 57 per cent o f the original 

ascorbic acid, the lfQ* treatment resulted ia  lo sses o f 62 to SI per cent. 

The interned!ate primary temperature, 175° F ., was the best treatment from 

the standpoint o f ascorbic acid retention, an exception to th is  Is noted 

in  figure 6 where the lo ss  of ascorbic acid in  the 175° treatment exceeded 

that in  the 190° treatment, although the lo ss  at the end of the primary 

period was much le s s  than that in  the 190® treatment. When the lower 

primary temperatures, IH50 and 173? were used, a considerable lag  In 

ascorbic acid lo ss  took place during the f ir s t  2§ hours o f drying. This 

was esp ecia lly  pronounced in Tork Imperial apples as compared to Stayman 

Wlaesap. The high primary drying temperature resulted la  a rapid oxidation 

of ascorbic acid though some delay occurred in the low humidity treatments. 

With the 175° treatment the ascorbic acid lo ss  was intermediate or low, 

depending on the humidity conditions used with the primary temperature.

High and low humidity during the primary drying period had a marked 

e ffec t on ascorbic acid lo ss  during dehydration. When either variety was 

dried, high humidity resulted in sign ifican tly  greater lo sses of the 

ascorbic acid than low humidity. The loss was not immediate in Tork 

Imperial under high humidity conditions, while in  Stayman Wine sap the loss  

took place rapidly, especia lly  at 1$0* F. Least lo ss  o f ascorbic acid was 

observed in the 175° treatment when used with lew humidity. In both 

va r ie tie s  th is treatment resulted in  leases of only 2k to 27 per cent 

compared to losses o f k$ to 81 per cent for other treatments. A possible



%b
w

w
*» 

» AS CO RBIC ACID ( P E R  C E N T  L O S S  )

%
w

%%
*9 

* 
rj

yo
pr

«d
 

fa
yi

-g
y 

Xj
mw

fa
d 

m%
 

St
atg

aj?
 

tt
#U

Y
9«

«a
lR

W
P®

FS
m

 
w

»
 

#*
*»

$»
*#

#*
*%

 
int 

y*
**

•#
£*

99 
ds

mm
%

& 
t$f

ts£
§%

# 
j©

-«f
 

fû
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TASXJB 2 . Moisture and ascorbic acid  content o f dehydrated 
Stayman Winesap apples dried  under varying conditions of 

temperature and drying time in  the tunnel dehydrator.

Minutes
in

primary
tunnel

Minutes
in

secondary
tunnel

le la t iv e  
humidity 

in  
primary 
tunnel 

(p er cent)

Temperature
of

primary 
tunnel 

(degrees ¥ .)

Moisture 
a f te r  

primary 
drying 

(per cent)

Moisture 
a f te r  con­
d ition ing  
(per cent)

Ascorbic 
acid 

a f te r  con­
d ition ing

(mg./100 g.
toy w t .)

120 120 S .6 175 5H.1 15.2 1 0 .2

100 120 9 -0 175 5 8 .3 1 7 .3 1 0 .5

100 120 S. 3 190 53*8 1 7 .9 $ .k

90 ibo 8.3 190 5 3 .3 I 7 .5 7 .6

80 iko S. 3 190 66.3 IS.k 9 .6

90 120 6 .9 200 5 7 .8 2 2 .9 10.2

SO 120 6.9 200 5^.5 25.2 7 8

70 120 6 .9 200 65 . s 21. k 7 .8
so 120 6.7 210 56.0 15.0 10.2

70 120 6 .5 210 S l . k 16.0 8.9

6o 120 5.S 210 59.1 i M 1 0 .3
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The ascorbic acid  content o f the dehydrated f r u i t ,  obtained a f te r  a 

conditioning period  of k$  hours, was somewhat variab le . However, these 

figu res p resea t evidence to show th a t the higher primary temperatures 

are not detrim ental to ascorbic acid  re ten tio n  when drying time is  

reduced. So attempt i s  made here to a ttach  sign ificance to any one t r e a t ­

ment compared to another, fhe value of these figu res l ie s  in  the fa c t 

th a t no consisten t lo ss  i s  shown fo r  the higher temperature treatm ents.

Shis work w ith the tunnel dehydrator demonstrated th a t apples can be 

dried  to  a moisture content below commercial requirements in  a period as 

sho rt as 5 beers by using high primary temperatures together w ith high 

a i r  v e lo c ity . In a l l  o f these treatm ents, the apples earns out o f the 

machine with good color and general appearance. Apples dried  a t 220° 7 . 

in  the primary tunnel showed some scorching around the edges of the apple 

sections and a ra th e r  hard crust on a l l  of the sections; th is  seemed to 

in d ica te  th a t about 210° 7 . was the c r i t i c a l  l im it  of primary temperature 

fo r dehydrating cpples under conditions p reva iling  ia  th is  machine, and 

th is  temperature was adopted fo r the apples d ried  in  December, I9V5, fo r 

storage described la te r  in  th is  paper. In co n tra s t, the cabinet dehy­

d ra to r , under the lim ited  conditions of humidity con tro l, had an upper 

primary tespera tu re  lim it of about 190° 7 . ,  since drying a t 200® 7. in  

th is  machine caused scorching.

I f  fe e t o f Storage Temperature on Dehydrated Apples

19^3 S tudies, fou r v a r ie tie s , York Im perial, stayman fimesap, Ben 

Davis, and Bone Beauty, were used to study the influence of temperature 

on the storage l i f e  o f dehydrated apples. The York Im perial apples were 

obtained from commercial stocks o f the American f r u i t  Growers, I n e . , in  

the f a l l  o f 19^2, and held a t 33° 7. u n t i l  dehydration in  february , 191*3.
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r ^ i d  d e te rio ra tio n  o f the samples stored a t th is  temperature, fa r th e r  

work a t 110° ?. oould not be ca rried  out with these lo ts ,  and the per­

formance of the four v a r ie tie s  in  consoa and cold storage was recorded 

fo r a  one-year period.

In  appendix tab les  30 through 33 d e ta iled  re s u lts  of oold and 

common storage, showing chemical changes during storage, are presented 

fo r the four v a r ie t ie s .  Ho change in  no istu re  content was found during 

the e n tire  storage period ia  any of the saaples. fhe pH of a l l  v a r ie tie s  

under both storage conditions co n sis ten tly  decreased, th is  decrease in  

pH was ra th e r  su rp rising  since the deikened apples taken from the 110° 

storage and also those taken from common storage in  la te r  months had a 

f l a t  ta s te  e n tire ly  void of any acid flavor whatever, f i t r a t s b le  ac id ity  

determ inations flu c tu a ted  ra th e r widely end show no d e fin ite  trend , fhese 

determ inations involved some e rro r  in  method, but they ind ica te  th a t 

t i t r a ta b le  ac id ity  was not lo s t  in  storage.

though the v a r ie tie s  were very sim ilar in  sugar content, dehydrated 

fork  Im perial apples contained the highest percent age of to ta l  sugars 

and the lowest amount of reducing sugars o f the four v a r ie tie s  studied . 

Under cold storage conditions, to ta l  sugars in  th is  v a rie ty  remained 

constant while reducing sugars g radually  increased from H7 to  5h per cent, 

with a corresponding decrease in  non-reducing sugars from 23 to 16 per 

cent. S im ilarly  In  common storage, to ta l  sugars remained the ease while 

reducing sugars increased 9 per cent during the year, the  sugar content 

o f  the other v a r ie t ie s ,  though somewhat d iffe ren t In i n i t i a l  value, 

showed the same trend under both storage conditions, bu t, except fo r 

Ben Bavis, the common storage resu lted  in  g rea te r changes of both non­

reducing end reducing sugars than did cold sto rage, there  was some 

in d ica tio n  of lo ss o f to ta l  sugar in  Home Beauty, and In the case o f th is
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v a rie ty  the g rea te s t increase in  non-reducing sugars occurred. However , 

the reduction in  to ta l  sugars could he w ithin the range of v a r ia b il i ty  

in  the m ateria l.

fhe oxidation o f ascorbic acid in  the four v a r ie tie s  through the 

storage period is  p lo tte d  in  figu res 12 through 15. fhe g rea te s t loss 

o f ascorbic acid , ranging from 52 per cent in  lone Beauty apples to  75 

per cent in  Stayman Winesep apples, occurred in  the f i r s t  6 months o f 

common storage in  a l l  cases, fhe explanation of th is  rapid  i n i t i a l  lo ss 

ia  common storage is  found in  the temperature lev e ls  fo r the f i r s t  6 

souths compared to those fo r the second h a lf  o f the * torage period .

During the f i r s t  h a lf  of the storage year, the hot summer tem peratures 

p reva iled , reaching the maximum of 98° ?. the  l a s t  6 months, on the 

o ther hand, coincided with the cool f a l l  end w inter months when the 

temperature of the room remained near the minimum of 60° P. fhus the 

lo ss  o f ascorbic acid  would seem to  be d ire c tly  re la te d  to  the tempera­

ture o f the storage,room. In cold storage, York Imperial end tome Beauty 

apples decreased in  ascorbic acid a t a somewhat constant, low ra te , 

whereas Stayman Wine sap and Ben Davis apples decreased a t a more rapid  

ra te  in  the f i r s t  h a lf  of the year than in  the second h a lf  of the storage 

period .

fhe summary of ascorbic acid lo ss , shown in  tab le  3, in d ica te s  th a t 

during storage the destruction  of ascorbic a d d  in  these dehydrated 

apples was markedly influenced by the tem perature, and le ss  so by v a rie ty . 

In common storage, fo r example, the losses among the four v a r ie tie s  fo r 

the e n tire  year ranged from 39 be 6 l pen cent whereas in  00Id storage 

the losses were only 16 to  per cent. Of the four v a r ie tie s  sto red , 

Some Beauty showed the g rea tes t loss of ascorbic acid in  cold storage and 

the le a s t  lo ss  in  common storage. More work, however, would be necessary
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TdBLS 5. Summary o f  ascorbic acid lo s t  ia  the dehydration
gad at ©rage of Tork Im perial, Boa Daria, Stayman finesap , 

and Bone Beauty apples. (See appendix tab les 30- 35)*

•
•

Variety s
: Dehydration

Per cent loss
Storage for one year ’ Dehydration and storage

* for one year
Common : Cold : Common : Cold

1 111 :
York : 21*65 

s
Borne : 20. 8k

%
Stayman : 20. 91

s
Ben Davis : 26.95

a

: s i 
fo .33 i 27.92 : 81-98

t :
39.65 ! 31*96 : 60.^9

? :
60.69 : 21*25 : 81.60

: i
52.96 : 16.26 s 79.91

♦ ft* •

■
69.57

52.7s

63.16

63.21

Before th is  could Be estab lished  aa c h a ra c te r is tic  of the v a rie ty . Ia  

Tork Im perial applet toe lo ts  i a  common storage was nearly  twice as much 

ae la  cold storage, and in  Stayman win© sap and Ben Davis apples, the lo ss 

in  common storage was nearly  three times th a t in  cold storage. Total lo ss  

o f ascorbic aeid , including th a t in  Both dehydration and storage fo r one 

year, ranged from 60 to  81 per cent when common storage was used, and 

from k z  to 52 per cent when cold storage was employed.

The percentage of ascorbic acid lo s t  in  dehydration, e sp ec ia lly  in  

Tork Im perial and Stayman Winessp apples, p resen ts an in te re s tin g  com­

parison  to losses in  the cabinet dehydrator recorded for these two 

v a r ie tie s  in  previous work. (Tables 28 and 29) Whereas the loss o f 

ascorbic acid from these two v a r ie tie s  when d ried  in  the cabinet machine 

a t  1J5° f • under low humidity conditions was 2k to 27 per cen t, the loss 

when d ried  in the tunnel machine was only 21 per cent fo r each v a rie ty . 

Since tne temperature used in  primary drying was the same in  both machinest 

th is  ind ica tes th a t the low re la tiv e  humidity of le ss  than 10 per cent, 

which p revailed  in  the tunnel machine, was responsible fo r the reduced 

lo ss  o f ascorbic acid.
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TABLE b. treatm ents um 4 fo r dehydrated Stayaaa 
Winesep copies sto red  a t 100° ?. ( 19bb).

Code* la te  o f sulfuring * Blanch * 
before 1 before * 

dehydration * dehydration

la te  of sulfurlng 
after  

dehydration

Ataoephsre 
in  sealed 
oeatalaer

120 A 10 lbs./tB tt
«i

none aoae s ir

120 0 •
i

* aoae *>8

120 T i
M a aoae ▼MBOt

,
121 A

!
« a 10 lb s ./te a * lr

121 C a 10 lb s ./te a 80a

121 T »
k

a 10 lb s ./te a vacuum

122 A
*

e * 20 lb s ./te a air

122 0 s a 20 lb s ./te a oo2

122 T • a 20 lb s ./te a vacuum
»

123 * ft JO so oo ads 20 lb s ./te a
►

s ir
!

123 c N 30 seeoads 20 lb s ./te a co8

123 ▼ a 30 seeoads 20 lb s ./to n vacuum

12b k*+ a
»*

aoae aoae air

•Mo to A * air-pack
0 * carbon-dloxide pack 
V = vacuum pack

••Lot 12b was d ried  to low moisture content by 8 hours additional 
dry lag  ia  the cabinet dehydrator.



fiujLS 5. Analysis o f dehydrated Stayman Wiaesep apoles 
sto red  a t  33® F. sealed in  alar.

(S tored  January 20, 19*&*)

Bays Moisture Ascorbic Sulfurous Reducing fton-reducing fo ta l
sto red (per cent) acid acid sugar sugar sugar

(ag./lDO ^r. ( p.p.m .) (per cent (p e r ©eat (per cent
dry ws.) dry wt.) dry wt.) dry w t.)

Lot 120 (su lfu red  10 lb s , /  ton)

0 13.5 10.2 1321 30.S 22.0 72.8
90 14.2 s. 7 1251 51.3 22.*+ 73-7

ISO 13* 8 S.O 1193 50.6 21.9 72.5
270 13.2 7.6 112*+ 50.0 22.2 72.2

Lot 121 (su lfu red  10 l b s . / t e a , resuLfured 10 lb s . / te a )

0 13.0 10.3 1351 50.2 20.S ?l.O
90 13.9 S .9 1291 50.7 21.9 72.5

ISO 13.7 S .l 1301 50.7 21.S 71.8
270 13.3 7.6 12*+8 kS.8  21.7 71.5

Lot 122 (su lfu red  10 lb s . / to n , resu lfu red  20 Ib s ./ to a )

0 12. S 10.0 1*10? HS.H 18.1 66.6
90 13.9 9.1 1350 *+9.2 18.8 68.1

ISO 13.6 8.7 1310 *+9.1 20.6 69.7
270 12.9 S.O 1296 50*5 20.2 70.7

Lot 123 (su lfu red  10 lb s . / to n ,  steam-blanched, re su lfu red  20 lb s ./ te a )

0 11.0 9*6 176S 50.*+ 18.6 68.9
90 11.0 9*7 1610 51*3 19.8 71.0

ISO 10.9 9.5 1600 91.2 20.*+ 71.6
270 10.1 S.5 1537 51.0 20.7 71.6



Day
s to r

0
90

ISO
270

0
90

ISO
270

0
90

ISO
270

0
90

ISO
270

TABLE 6. Analysis o f  denyd rated Staynen Wine sap apples 
stored at bfj° I*, sealed  in s ir ,

(Stored January 20, 19^*)

Ascorbic Sulfurous Reducing Bon-reducing
Moisture acid acid sugar sugar

(per cent) (® g./l00  gr. (p .p .® .) (per cent (per eeat
dry w t.) dry w t.) dry wt.)

Lot 120 ( sulfured IQ lb s ./ te a )

13.5 10.2 1321 50. S • 22.0
IH.6 S. 5 1179 50.6 I9 .7
i**.l 7 .3  1160 H7.7 IS .6
12.5 1 .2  1172 50.7  22.0

Lot 121 ( sulfured 10 lb s ./ to n , re sulfured 10 Ib s ./to a )

13.0 10.3 1351 50.2 20.8
l h . 2  S.U 1220 H9.9 19.6
lU.O 119^ H9.3  19.5
I I .9  S .l  112*1 50.2  21.3

Lot 122 (su lfured  10 lb s . / to n ,  resulfured  20 L bs./tea)

12. S 10.0 1^07 **8.4  1S.1
lU.O 3.0 1200 51.2 19. S
13.5 3.3 1190 k S . l  20.0
13.2 s . i  1172 50.7 21.7

Lot 123 (su lfured  10 lb s . / t e a ,  steas-blanched, resulfured 20 lb s . / t e a )

11.0 9.6 176s 50 .U IS .6
11.5  9 .3  W  53*3
11.0 9-}* 1510 k j . e  21.6
10.** 8.** 1**21 50.2 20.0
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th a t there  was a decrease in  sulfurous acid la  a l l  lo ts  a t ha th  tempera­

tu re s . That these changes might he seen acre  c le a rly , cumulative losses 

are shown in  tah le  7 ; variance analysis o f these l a t t e r  figu res i s  given 

in  tah le  }k  ( appendix). In nearly  every ease the g rea tes t decrease in  

sulfurous acid occurred in  the f i r s t  90 days of storage, as seen from the 

lo sses recorded in  the f i r s t  period . With the exception of lo t  ISO in  

65° F. storage and l e t  121 l a  33° sto rage, e l l  lo ta  showed a constant 

decrease o f sulfurous acid , and these losses are shown to he s ig n if ic a n t. 

I t  i s  ev ident, a lso , th a t decreases in  sulfurous acid were influenced by 

temperature. With the exception o f lo t  120, a l l  lo t#  showed s ig n if ic a n tly  

higher losses in  65® I .  storage compered to  33® F. storage. Although the 

variance analysis did not snow sign ificance  fo r d ifferences caused by 

treatm ents, i t  i s  in te re s tin g  to note th a t in  65° F. storage the to ta l  

lo sses o f sulfurous acid were progressively  g rea te r as higher i n i t i a l  

sulfurous acid contents were obtained. That i s ,  the order o f these t re a t­

ments , in  respect to sulfurous acid content a t the beginning of storage, 

remained the same on the basis o f cumulative lo sses.

The lo ss  of ascorbic acid from the various samples sto red  a t e ith e r  

33® or 65® F. was not marked, and no significance can be attached to 

d ifferences between temperature treatm ents, as determined by analysis o f 

variance o f cumulative lo sses in  tab le  S. This ind icates th a t ascorbic 

acid was not sen s itiv e  to the 65° F. temperature compered to  33® ?. as 

was sulfurous acid , since s ig n if ic an t d ifferences were recorded fo r su l­

furous acid decreases in the two temperature le v e ls . When the ascorbic 

acid losses a t 63® end 33° are compared to  those a t 100® F . , shown in  

figure  16 which was made by p lo tt in g  the losses o f lo t  120 sealed In  a ir  

and sto red  a t the three temperatures, i t  was apparent th a t high temperature 

storage a t 100® F. resu lted  in  a rapid  end complete lo ss  of ascorbic acid.
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TAILS 7. Cumulative lo sses o f sulfurous acid , snowa toy 
analysis a t in te rv a ls  during storage, in  dehydrated 
Staynan winesap apples as a ffected  toy storage tem­

pera tu res and treatments* a t the tin e  o f dehydration.

1 1 
Storage 
in te rv a l 

(d*y»)

Cumulative losses 0f  sulfurous acid ( in  p .p .* .)

33° f .  storage : €9® f .  storage

90 70

Lot 120

lk%
180 128 l 6l
270 197

90 60

Lot 121

131
180 50 157
270 103 22?

; L o tjg g

90 57 207
180 97 217
270 i n 235

90 15s

*•* 12}
«e 271

180 168 258
270 231 3*7

♦Treatments: l o t  120, s u lfu re d #  10 Ito s./ten , dried; lo t  121,
su lfured  #  10 ito s ./ten , d ried , re  su lfured  •  10 lto s ./ten ; l e t  122, 
su lfu re d #  10 ito s ./ten , d ried , resu lfu red  #  20 Itos./ten ; l e t  123, 
su lfured  #  10 Ito s./ten , stean-tolannhed 30 seconds, d ried , resu l­
fured #  20 lto s./ ten.

** d ifferences necessary fo r sign ificance:
Between Temperatures -  100«5$ at 5# point
Between storage in te rv a ls  -  28.5$ a t 1$ point



9ABLS S. Cumulative lo sses  o f ascorbic acid, shown by 
analysis a t  in te rv a ls  daring sto rage, in  dehydrated 

Stsyasa fineeap apples as a ffected  by storage tem­
perature  and treatments* a t  the time o f dehydration.

Storage
in te rv a l

(days)

Cumulative loss** of ascorbic acid 
( l a  mg./100 g. dry weight)

33® f . storage : 65® f .  storage

fO . 1.5

W .* »
*» 1.7

180 2.2 *e 2.U
27® 2.6 •* 3.0

90 l.fc

Lot LSI

*• 1.9
180 2.2 •* 1.8
270 2.7 2.2

90 0*9

122

* 2.0
180 1.3 : 1.7
270 2.0 • 1.9

90 -0 .1

M LM S.
e« 0.3

ISO 0.1 : 0.2
270 1.1 *♦ 1.2

•Treatments; Lot HO, sulfured % 10 Ih s ./ to a , dried! Lot 121, 
su lfu red  •  10 L bs./ton , d ried , resulftored #  10 Ih s ./to a?
Lot 122, s u lfu re d ^  10 ih s . / to a ,  dried , resu lfa red  #
20 lb s . / te n ;  Lot 123, smlfured •  10 lh s ./ to n , steam-blanched 
30 seconds, dried , resu lfu red  #  20 ih s . / to a .

♦•D ifferences necessary for sign ificance:
Between Treatments -  0.508 a t 1# point 
Between storage in te rv a ls  -  0*232 a t 1$ point
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thus a t  some po in t between 65° and 100° ? . the lo sses o f ascorbic acid 

would begin to  r i s e  s ig n if ic a n tly . the su lfu r treatm ents, however, as 

well as the storage in te rv a ls  d id  re s u lt  in  s ig n if ic a n t d ifferences in  

ascorbic acid lo ss . the treatm ents which received the heaviest su lfu r ing 

re su lte d  in  the b est re ten tio n  o f asoorbic acid , and d ifferences in  favor 

of treatm ents were highly s ig n if ic a n t, as were the d ifferences produced 

by the length of tin e  the samples were stored. Except fo r lo t  123, the 

g re a te s t  lo ss of ascorbic acid occurred during the f i r s t  90-day period 

o f sto rage, which was somewhat p a ra l le l  to decreases of sulfurous acid 

In th is  period.

Sugar determ inations of the samples sto red  a t 65° and 33° ? • . 

recorded in  tab les  $ and 6 , showed no s ig n if ic an t changes in  any of the 

treatm ents during the storage period . With some v a ria tio n , reducing 

sugars remained e s se n tia lly  a t a constant lev e l as did non-reducing and 

to ta l  sugars, these data are not in  agreement w ith the re s u l ts  of the 

19^3 storage work where a gradual accumulation of reducing sugars was 

found in  d ried  apples sto red  in  both  cold and common storage, fh la  can 

possib ly  be explained on a b asis  o f the re su lts  o f ensyme determ inations. 

In  a l l  samples sto red  in  the I9U3 work, a p o s itiv e  peroxidase te s t  was 

obtained; In  a l l  samples stored in  the I9HH work, a negative peroxidase 

reac tio n  resu lted , thus the treatm ent given the apples in  th is  work 

re su lted  In  destruction  of any ensyme systems operating, and th is  could 

account fo r the l i t t l e  change which took place in  the sugars in  th is  

m a te ria l, whereas ensyme a c tiv ity  could be responsible fo r the accumula­

tio n  of reducing sugars noted in  the four v a r ie tie s  sto red  in  19^3.

th e  flav o r, c o lo r , and general appearance o f a l l  lo ts  stored  a t both 

650 and 330 f .  were the same a f te r  9 months of storage as compared to 

condition a t  the beginning o f the storage period, go d ifferences could be
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£&SL£ 9 . Ascorbic a d d  con ten t, expressed as 
mg./100  grams, of dehydrated Stsynsn Winesap 

apples sto red  a t 100 F.
(S tored  January 20 , ISkk)

lo t* Nature Cays sto red
no. of

peck 0 7 Ik 20 36 60 90 120 150 200 270

120
i

a i r  ; 10.2 s .o 0.9 S.k 5.1 **.3 k . l 2.0 - - -

120 vacuum 10.2 9.2 7.9 s .o 7.1 ^.S 5*0 - - -

120 co2 10.2 g .9 6*8 6.8 5.5 5*0 3*3 - - -

121 s i r 10.3 S.a 6.7 7.0 6.5 **5 H*5 2.U - - -

121 vacuum 10.3 9 .2 9*1 3.2 7 .7 6.0 6.H M - - -

121 oo2 10.3 S.Q S.H 6.8 5.8 5*2 5*5 H.o - - -

122 a i r 10.0 s .o 7.6 7.6 6 .6 5.0 U.6 2.8 - - -

122 vacuus 10.0 S.9 S.7 9.1 8.3 7 .2 6.8 6.0 U*j - -

122 ^°2 10.0 s .o 8.0 8.0 6.9 5.3 M **.2 - - -

123 a ir 9.6 S.H 7*s 8 .1 8.1 5.1 *1.3 3*2 - - -

123 vacuum 9 .6 9 .6 9.5 9 .0 9*0 7 .* 7 .** 6*U 5.2 - -

123 ® 2 9 .6 9.8 9.3 8.5 8.7 7.2 6.0 5 .6 H.7 - -

12*1 a i r 10.1 10.1 9 .6 9.1 - - 8.*4 - 5*6 - 3-S

*frestm ents: 120 -  su lfu red  #  10 lb s . / to n ,  dried ; 121 -  su lfu red  © 10 lb e . / to n ,  d ried , re  su lfu red
® 10 lb s . / to n ;  122 -  su lfu red  © 10 lb s . / to n ,  d ried , r e su lfu red  #  20 lb s . / to n ;  123 -  su lfu red  #
10 lb s . / to n ,  steam-blanched 30 seconds, d ried , re su lfu red  # 20 lb s ./ to n .

I n i t i a l  su lfurous acid contents: l o t  120, 1321 p .p .® .; lo t  121, I35I p .p .m .; l o t  122, li*07 p .p .a .
l o t  123, 17&3 p .p.® . i lo t  12*1, 1U66 p.p.m .
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paafc, whereas ‘both ware c le a rly  superior to the a ir  pack In th is  respect, 

fne da ta  show, however, th a t pack atmosphere was not as important as the 

moisture content o f the apples In re ten tion  of ascorbic acid , i l lu s t r a te d  

by compering lo t  12b to a l l  o ther treatm ents regard less of the nature of 

the pack, fha apples making up lo t  12b were not sealed in  vacuum or 

carbon dioxide; th ere fo re , the d ifference  between the air-packed, low* 

moisture apples end o ther treatm ents which had been packed in  gas or 

vacuum becomes of even g rea te r importance, seeling  of low-moisture 

apples (3 per cent or less) in  carbon dioxide or vacuum would o ffe r  the 

p o s s ib i l i ty  o f even g re a te r  ascorbic acid re ten tio n .

the  sulfurous acid  content o f the dehydrated samples sto red  a t 

100° T. fo r 9 months i s  shown In  tab le  10. The low-moisture treatm ent, 

lo t  12U, was c le a rly  superior to  a l l  o ther treatm ents in  tha t approximately 

30 per cent o f the sulfurous ©old was reta ined  in  th is  f r u i t  a f te r  9 months 

o f sto rage, whereas the o ther samples lo s t  from 77 to 100 per cent of 

i n i t i a l  sulfurous acid . D ifferences among other treatm ents were 

apparent to the ex ten t th a t increased sulfurimg, and su lfa rin g  p lus 

blanching, d e f in ite ly  increased the re ten tio n  of sulfurous acid in  sp ite  

o f re la t iv e ly  small d ifferences in  i n i t i a l  su lfu r contents among lo ts  

120, 121* and 122.

Retention of sulfurous acid seemed to be Influenced by the pack 

atmosphere. As seen from the data  in  tab le  10, the vacuum packed apples 

re ta in ed  the most sulfurous acid in  each o f the four treatm ents o f com­

parable moisture content. The carbon dioxide pack resu lted  in  interm ediate 

re te n tio n  of sulfurous acid by the apples whereas the a i r  peck re su lted  in  

the poorest re ten tio n  o f sulfurous acid. The re la tio n sh ip  between the 

three types o f pack is  i l lu s t r a te d  in  figure  17, made by p lo tt in g  the 

curves fo r the a i r ,  carbon dioxide, and vacuum packs o f the standard su lfu r
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p a r ts  par ja il llo n , ©f dafegrdrattd Sfcsyaea tfla*«qp
«pp.lc* sl^riirf 100° f* (stored  7#jM»*ry ?0* I f * }

I*** «* II « tar*  
ot 

pack

$ Sag* * la  Tt4 ..
a o . «*

♦ *"*■#* 0 T IJi 20 3 6 * 90 120 150 200 27D

UO
*
*••* * i  r

•
5'» 13 21 9SD 90S 917 m **05 299 0 0 0 O

120
*
? vacates a

*■ 13?1 1070 10*10 1065 1099 79S 33H 226 u 6 181 173

120
4
%* oo3

a
♦4 1321 1121 10«b 936 38® 535 353 82 0 0 0

u x ** a i r
#
44
1**a

1331 1091 1 1 * U * 0 * fhh 571 X23 0 0 0

121 i TAdrn* 1331 1091 1121 1x9b 1152 * 9 757 277 192 1 * s s

121
*
*

a
*a
• 1331 1009 10-66 1 0 * 1035 6 * 552 205 93 9*1 0

122
.*** a i r

*
4 1H07 1111 U 3b 1 1 * 1x22 ? i6 339 1W* 156 I *

122 : VSetttttft
*
1
a xbo7 1162 U * 1 2 * 1252 « > 1067 53** 36I 251 299
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i
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i
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123 ♦* ▼tt©uua.

6

4*
4

176s l b * 13 m 1 3 * 1388 *3*3 130 m fa-02 393 bob

123
I
*

C-e 176s 1*456 15m 1 5 * lHOfc m 3 u p 6S? fa IS 33^
12b

1
*
i

a i r *«
s

}M 6 1M 7 ik n - « * * 7 1 - 866 ~ 759

*?rtfttaca t» : 120 -  «ullfer*£ 10 lb s ./ to rn  101 -  sttlfttrsdl 10 X bs./toa , rsa iilfu rsd  10 Iba./toa;
122 -  «ulftur#& 10 l b # . / * « a # r*»ttUter»d 00 l l i . / t « ;  l? 3  ~ •n lffcf*®  10 lb * . / t e a *  
st*iigi~bl«&clatd, dri<se» r#ml£isr®i 20 lb * ./b o a .
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treatm ent, lo t  120. Nichole and C h ris tie  (H6) reported th a t su lfu r 

dioxide in  dehydrated apples n igh t eventually  disappear during storage. 

These data  are in  agreement with th is  statement as shown by the a ir  and 

gas peeks of lo t  120 and lo t  121, a l l  o f which resu lted  in  a complete 

loss o f sulfurous acid a f te r  9 months o f storage. Of these, the a ir  

paofc of the contro l lo t ,  lo t  120, was the f i r s t  to lose a l l  sulfurous 

acid , the complete lo ss showing up a f te r  120 days of storage.

P a r tic u la r  a tten tio n  is  called  to  the steam-blanched apples, those 

of lo t  123* which showed very l i t t l e  lo ss  o f sulfurous acid in  the la s t  

120 days o f storage regardless o f type of pack. Although no d e fin ite  

conclusions are o ffered  from these date , i t  i s  possib le  th a t steam- 

blanching might lev e l out the curve a f te r  a o e rta ln  percentage of i n i t i a l  

sulfurous acid has been lo s t ,  fh is  is  suggested because the steam- 

blanched f ru i t  always dried  down to a lower f in a l  moisture content, and 

in doing so might r e s u l t  in  attack ing  in*1 of a ce rta in  amount of su lfu r 

which would not be ea s ily  given up as I l lu s tr a te d  with lo t  12b. I f  the 

loss-curve fo r sulfurous a d d  could be leveled out in  th is  manner, and 

i f  th is  could be done a t a high enough le v e l, prolonged high temperature 

storage might be possib le . However, more work i s  necessary to reveal the 

nature o f sulfurous acid disappearance from dried  f ru i t  before th is  point 

can be fu lly  developed.

Sulfurous acid content, as was the case w ith ascorbic acid content, 

was reduced markedly by high temperature storage compared to 65° and 

33° F. storage. This ra te  of lo ss  in  the high temperature storage was 

in  turn  influenced by both moisture content of the apples end by the type 

of pack in  which the apples were sealed. To emphasis© the su p erio rity  of 

low m oisture apples over others in  th is  respec t, the sulfurous acid con­

ten ts of the a i r  packs of a l l  lo ts  were p lo tte d  in  figure 18. In  th is



figu re , the curve fcr  lo t 12*4 shows more c lea r ly  the s tr ik in g ly  lower 

sulfurous acid decreases in low-moisture apples compared to those o f e l l  

other samples. That the i n i t i a l  sulfurous acid content o f lo t  12** did 

not d icta te  i t s  order o f sulfur disappearance among lo ts  was il lu s tr a te d ,  

since lo t  123, the steam-blanched apples, had. an in i t i a l  sulfurous acid  

content of over 1J00 parts per m illion  whereas the low moisture apples, 

lo t  12**, had an in i t i a l  content of 1*400 parts per m illion  and th is  order 

was reversed a fter  the f ir s t  week of storage when the sulfurous acid con­

tent o f lo t  123 dropped to 133$ parts per m illion , or 132 parts per m illion  

lower than the sulfurous acid content o f lo t  12*4. When, however, only 

those lo ts  of comparable moisture content are considered, the in i t ia l  

order in  regard to sulfurous acid content was maintained throughout the 

9 months of storage; that i s ,  lo t  120, which had the lowest i n i t i a l  su l­

furous acid content was f ir s t  to show a 100 per cent lo ss  of sulfur? lo t  

121, nest lowest at the sta rt of the storage period, was next to lo se  

100 per cent, etc .

Q uantitative sugar and starch analyses were made ©a the dehydrated 

apples stored at 100° I*, at the tame time when lo t s  were sampled for  su l­

furous acid and ascorbic acid determinations, fh e  complete re su lts  o f  

sugar and starch determinations are given in  tab le 36 in  the appendix.

Lot 120, the standard sulfaring treatment, showed the greatest changes of 

non-reducing sugars. However, the four lo ts  of comparable moisture con­

ten t, lo ts  120, 121, 122, and 123, showed somewhat sim ilar sugar changes 

throughout the storage period, These figures from the four lo ts  were 

averaged and are compared in  table 11 to the sugar determinations o f lo t  

12*4, the low-moisture apples. These data indicate m slow, continuous 

hydrolysis of the r e la t iv e ly  low remaining starch in  both the low-moisture 

apples and the fr u it  which was 10 to  1*4 per cent moisture, fhe data show
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TABUS 11. Sugar and s ta red  content of dehydrated Stayman finesap 
apples sealed la  a i r  and sto red  fo r 270 days a t 100° F» 

Averages of lo ts  120, 121, 122, and 12} compared to 
lo t  124. (See appendix tab le  36.)

Bays
stored

Reducing
sugars

(Expressed

Son-reducing Total 
sugars sugars

as per cent o f dry weight)

Starch

Averages of lo ts  120. 121. 122. and 123

0 49.9 19.9 69.S 1.63
7 49-7 *9 .7 69 • 4

14 49. 6 *9.0 66.6
20 46.5 *7.9 66.4
36 50.0 16.0 66.0
60 49-9 13.S j?3*7
90 50.2 10.0 60.2 1.56

120 52.9 6.6 61.7
150 53. s 6.9 §9 .7
200 97.9 10.9 66.8 X.U9
270 62.7 7.3  

Lot 124

70.0 1 .U

0 50.1 20.1 70.2 i.*t5
14 46.1 16.6 64.9
20 46.2 *5.3 63.5
90 50.6 *3.0 63.6

150 49.0 21.3 70.3 1.U2
270 49.6 23.4 73.2 1-37

a gradual Increase of reducing sugars a f te r  the 90th day to the end of 

the storage period  when reducing sugars averaged 63 per cent compared to 

an average of §0 per cent a t the beginning of storage. In  the low- 

m oisture apples, lo t  124, th is  increase in  reducing sugars d id  not take 

p lace; a very s lig h t  decrease was shown in  the f i r s t  20 days of storage 

sdTter which time the reducing sugar content remained around the o rig in a l 

figure  of 50 per cen t, f e t a l  sugars in  the four averaged lo ts  decreased 

u n t i l  the 150th  day, a f te r  which there was an accumulation. At the end 

of the storage period  to ta l sugars averaged JO per cent compared to  69,8 

p e r cent a t the beginning o f storage, fhe low-moisture apples, lo t  124,
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a lto  showed some i n i t i a l  loss of to ta l  sugars, hut the Increase which 

followed was g rea te r and the f in a l figure  at the end of the storage period 

was 3 per cent higher than at the beginning of storage. Bon-reducing 

sugars showed a steady decrease in  the averaged lo ts ,  broken only by the 

figure  obtained a f te r  200 days of storage. In the low-moisture apples, 

however, the non-reducing sugars decreased from 20 to 13 per cent in  the 

f i r s t  90 days, a f te r  which time non-reducing sugars increased to 23 per 

cent found a t the end of the storage period. S tarch hydrolysis could 

account fo r some of the increase in  sugars a f te r  the i n i t i a l  decreases, 

but i t  does not account e n tire ly  fo r the accumulation of non-reducing 

sugars in  the low-moisture apples. Apparently o ther fac to rs were operating. 

So the author1 s knowledge these data  are the f i r s t  sugar determ inations to 

be reported on dehydrated apples in  re la tio n  to storage e ffe c ts . U ntil 

fu rth e r work i s  done on oxidative and hydrolytic reactions taking place 

in  s to red , dehydrated apples, the explanation of these sugar changes 

cannot be forthcoming.

To determine what e ffe c t packing in  vacuum end carbon dioxide might 

have on sugar changes in  dehydrated apples sto red  at high tem peratures, 

sugar determ inations were made on the vacuum, carbon d ioxide, and a i r  

pack8 of the standard su lfuring  treatm ent, lo t  120. These re s u lts  are 

presented in  tab le  12. inducing sugars increased in  a l l  three types of 

pack, but somewhat more slowly during the i n i t i a l  period in  the a ir  pack 

compared to the carbon dioxide or the vacuum pack. Son-reducing sugars 

decreased markedly in  a l l  packs during the storage period. In  the a ir  

pack th is  reduction took place rap id ly  whereas in  the gas and vacuum 

packs the decrease in  non-reducing sugars was more gradual. Starch 

determ inations Indicated a continuous hydrolysis of s ta rch  which was 

somewhat more rapid  and continued to a g rea ter ex ten t in  the air-packed
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fABLS I t .  I f f e c t  of carbon dioxide, vacuum, and a i r  packs 
on changes of sugars and s ta rch  in  dehydrated 

Steyaen Winesap apples stored  a t 100° f .

Bays Seducing Koa-reducing T otal Starch
stored  sugars sugars sugars

(Expressed as per cent of oven dry m aterial)

M O * ! *

0 50. g 22.0 72.8 1.65
90 50.1 S.* 58.5 1.56

150 5*-7 *.* 59-1 1.52
200 59-5 7.2 66.7 l.* 6
270 63-5 6.7 70.1 1. 3*

Vacuum pack

0 iv9.1t 18.8 68.2 1.6*
90 55.* 15.7 71.1 1.67

150 59-9 l l . l t 7-1.3 l .*7
200 63.0 7-5 70.5 l .*5
270 6 l.it U .o 72.* l .*7

COg pack

0 50.6 20.0 70.6 1.62
90 56.3 15.5 71.8 1.56

150 60.2 11.6 71.8 l.* 8
200 63.3 8.1 71.* l .*9
27O 64.2 7.2 71.* l .*9

apples than in  the gas or vacuum packed gpples.

The stages of darkening observed in  these dehydrated apples during 

storage at 100° f .  are shown in  figure  19. Stage I represen ts the apples 

as they appeared a f te r  dehydration and before any storage began. Stage II  

shows the f i r s t  fa in t  d isco lo ra tio n , which appeared in  the e a rly  p a rt of 

the storage period fo r some samples. Ho hay-like odor could be detected 

in  apples showing th is  f i r s t  darkening, fu r th e r  darkening is  represented 

by stage I I I .  This fu rth e r d e te rio ra tio n  was d istinguished from the 

previous stage by a darker color and frequently  by the development of a 

s l ig h t  but d is t in c t  hay-like odor, The d isco lo ra tion  in  th is  stage did not
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Figure 15• Stagot o f dtikeai&g observed 
during storage o f dsny&r&ted Finn-
*«P ®l>plet stored fo r 9 months a t 100° f .
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extend through to the in te r io r  of the Individual sec tions, tout was 

lim ited  to  tbs outer surfaces. Stage IT shows complete d isco lo ra tion  

of the sections. In th is  ease the darkened condition was uniform in  the 

e n tire  section , tooth in te r io r  and e x te r io r , and the off-odors which were 

s lig h tly  d iscern ib le  in  stage I I I  were pronounced in  th is  stage, fhe 

f in a l degree of d isco lo ra tion , stage T, was characterised  toy a very deep 

torown color combined with a strong, offensive odor. At th is  stage the 

apples were considered ined ib le .

fhe time required fo r the various samples in  100° F. storage to 

reach the several degrees o f d isco lo ra tion  is  shown in  tab le  13. fhe 

check lo t ,  lo t  120, sealed in  a i r ,  reached the ined ib le  stage a f te r  90 

days of storage. With the exception of lo t  I23 sealed in  cartoon dioxide 

and vacuum, and the low-moisture copies sealed in  a ir ,  a l l  o ther samples 

reached the inedible stage a f te r  120 days of storage, fhe vacuum pack of 

the steam-blanched apples, lo t  123 T* was c la s s if ie d  in  stage ?  only a t 

the end of the 9 month storage period , whereas the low-moisture apples 

a t th is  time snowed only the f i r s t  fa in t  d isco lo ra tion . The appearance 

of these samples a f te r  9 months of storage compared to  corresponding t r e a t ­

ments sto red  a t 65° F. i s  shown in  figure  20.

Hichols and C h ris tie  (H6) reported  tha t dehydrated apples sto red  

s a t is f a c to r i ly  in  common storage fo r 8 months i f  the su lfu r content was 

200 p.p.m. or more. This study presen ts some ra th e r in te re s tin g  com­

parisons when the darkening i s  associated with the sulfurous acid content 

of the  f r u i t  ( tab le  10). fhe f i r s t  smaples to show i n i t i a l  d isco lo ra tion , 

lo t  120 sealed in  a i r  and carbon d ioxide, had a sulfurous acid content a t 

th is  time of 875 and 988 p .p .su  respec tive ly ; i t  is  Important to  po in t out 

th a t th is  d isco lo ra tion  took place in  only }6  days at 100° F. Of the group 

of samples ( ta b le  13) which snowed I n i t i a l  d isco lo ra tion  in  60 days, the
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fABLB 1 Appearance of d isco lo ra tion  In dehydrated 
Steyasn finessp  apples stored  a t 100® f .

Lot*
number

Mature
of

pack

Bays to f i r s t  
d isco lo ra tion  

(stage XI)

Bays to eosplete 
d isco lo ra tion  

(stage XT)

Bays to 
inedible 

condition
(stage  T)

120 a i r 3* 60 90

120 TaeauiB 60 SO i m

120 co2 60 120

121 a i r 60 SO 120

121 vagusm 60 SO 120

121 <»2 bO So 120

122 a ir 60 So 120

122 TS0UUD 60 S0 120

122 ®°2 60 So 120

123 a ir 60 SO 120

123 vacuum 150 200 270

123 °°2 SO 150 200

124 a ir 2?0 - -

♦ freataen tej 120 -  su lfured  #  10 lb s ./ to n , dried ; 121 -  sn lfured  #
10 lb s ./ to n , d ried , resu lfu red  #  10 lb s ./ to n ;  122 -  su l­
fured  ® 10 lb s . / te a ,  d ried , resu lfu red  #  20 lb s ./ to n ;
123 -  su lfured  a t 10 lb s . / te a ,  steaa-blanebed 30 seconds, 
d ried , resu lfu red  #  20 lb s ./ to n .
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S T O R E D  2 7 0  DAYS 
lO O 'F.

STO R ED  2 7 0  DAYS 
6 5 °  F.

Figaro 20* i#p«*raac* o f Aobydratod S toyman WUoaep applaa 
a f ta r  270 Aajra o f atorago a t  100® F . , ofcovlag too o ffo e t o f 
low nolatur*  oa kaoplag q u a lity  a t feigjk toaparat&ro.
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average su lfu r content was 913 &t th is  period in  storage. The

steam-blanched apples packed in  vacuum, lo t  123 V, did not show die* 

co lo ra tion  u n t i l  the 150th day, a t which time the sulfurous acid content 

was only Ho2 p .p .m ., whereas the carbon dioxide pack of th is  treatm ent 

showed d isco lo ra tion  in  90 days when the sulfurous acid content wan 

1130 p.p.m. These two samples represented the extremes in  sulfurous 

acid contents of the various samples a t the time of the f i r s t  d isco lo ra­

tion ; however, the average sulfurous acid content o f a l l  samples a t the 

time o f f i r s t  d isco lo ra tion  was SSI p.p.m. and a t the time o f complete 

d isco lo ra tion  (stage XT), the average sulfurous acid content was 620 p.p.m. 

Thus even though there was considerable v a ria tio n  in  sulihroue acid eon* 

te n t, appearance and development o f d isco lo ra tion  was co rre la ted  in  most 

lo ts  w ith a reduction in  sulfurous acid.

The d ifferences in  I n i t i a l  sulfurous acid content in  the non-blsnched 

apples had l i t t l e  influence on color re ten tio n  in  the apples during the 

storage period. The steam-blanched apples, however, sealed in  vacuum 

©ad carbon dioxide, showed remarkable color re ten tio n  compared to the 

other samples during storage. These d ifferences are very sim ila r to the 

sulfurous ©eld contents recorded fo r the steam-blanched samples compared 

to non-blanched apples through the 9 months, thus offering  fu rth e r  

evidence th a t color re ten tio n  is  very c losely  associated  with sulfurous 

acid content.

fa c to rs  Involved in  the Sulfuring of Apples

In the f a l l  o f 19*&, Stoyman Wineaap apples were harvested in  a 

loca l orchard and ripened fo r 15 days a t room temperature before dehydra­

tio n . Careful se lec tio n  of the f r u i t  in  the orchard insured uniform ity 

in  s iz e , m aturity , and color of the m ateria l used in  th is  study. The
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mpple s  were dehydrated in  the tunnel dehydrator fo r 105 minutes at 

210° f . followed by 135 miautes a t 1&5° S'* Various su lfu r and blanching 

treatm ents p r io r  to  dehydration were planned to  study the e ffe c t ©f: 

the time of the su lfu ring  period , the concentration of the gas in  the 

su lfu r  box, the temperature in  the su lfu r box, a short steam-blanch, 

and a combination of the steam-blanch with a standard su lfu ring  preceding 

the blanch. Since the sulfurous acid end ascorbic acid contents of the 

dehydrated m aterie l were the important measures of the e ffe c t of the 

su lfu ring  treatm ents, sulfurous acid and ascorbic acid analyses were 

made on dehydrated apples a f te r  a HS-hour conditioning period . Moisture 

determ inations were made on samples of apples tsken from the dehydrator 

a f te r  the primary drying period and again when the apples were removed 

from the dehydrator a f te r  the secondary drying period. V a ria b ility  in  

m oisture content was so high in  apple sections taken a t these stages of 

dehydration, however, th a t these determinations were used as a rough 

estim ate only of the moisture le v e l, fhe moisture contents of the con­

d itioned  m ateria l were used as a basis fo r comparing the e ffe c t of the 

d iffe re n t su lfu ring  treatm ents.

Concentration of S u lfu r. Increasing the concentration of su lfu r 

dioxide gas in  the su lfu ring  treatm ent of the fresh  f r u i t  resu lted  in  

increased sulfurous acid contents o f the dehydrated apples, as shown in  

tab le  1**. fhe g rea te r sulfurous acid in  the d ried  f ru i t  was not d ire c tly  

p roportiona l, however, to the Increased concentration of the gas. The 

10 pounds/ton treatm ent re su lted  in  a sulfurous acid content more than 

double tha t gained by the 5-pound treatm ent. On the o ther hand, the 

20 pounds/ton app lica tion  resu lted  in  an increase of only tyl p.p.m. of 

sulfurous acid or a small per cent of increase over the 10-pound t r e a t ­

ment; th is  Increase was probably not s ig n if ic a n t.
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fABLS lb . E ffect of su lfu r dioxide concentration on the 
tu lfu r  re te n tio n , m oisture, ascorbic acid, and peroxidase 

a c tiv ity  in  dehydrated Stayman finesep apples.

l a t e  of , t e r  cent moisture 
•a lfu r ia g  ; aft(Sr . f J t t T

Ascorbic
acid

Sulfurous
acid

(U w ./ tw ) ,  p r i»ary  ; 00nAi -  W W ®  «. ; (p.p.m .)
: drying s tioning dry wt.)

Per­
oxidase

0 s Hi. 3
A

13.2 5.2  : 3* 5 p lus
#

2 : 39. H 10.6 11.6
;

1

337 2 plus

5 ! >»3.1 12.7 11.5 571 3 plus
*

10 j H6.2 
*

11. H 11.5 1388 plus
•

20 ; U5.9 13.3 . 11. g 1H29 -

fixe ascorbic acid content of the dehydrated f r u i t  was nearly  the seme 

fo r  a l l  su lfured  apples, regardless of the amount of su lfuring  or the 

m o u n t of su lfu r re ta ined , fhe check treatm ent in  which no su lfu r was 

used re su lted  in  a markedly lower re ten tio n  of ascorbic acid, fills  i s  in  

agreement with the repo rt of Morgan m d  f ie ld  (H i), which presented 

evidence to show th a t uasulfured f r u i t  lo s t  most of the o rig in a l a n ti­

scorbu tic  p ro p ertie s  in  dehydration, whereas su lfured  f r u i t  lo s t  very 

l i t t l e  in  the same process of dehydration, fhe data in  tab le  iH ind icate  

th a t very l i t t l e  su lfu r  dioxide was necessary to reduce the loss of ascor­

b ic  acid during dehydration. According to these f ig u re s , a l l  su lfu r (as 

su lfu r dioxide or sulfurous acid) over the amount which was absorbed and 

re ta in ed  by the 2-pound application  was in  excess of th a t needed during 

dehydration to conserve ascorbic acid , and would be of use only under warm 

storage conditions. This is  in  agreement with the view of liorgan, f ie ld ,  

and Bichols (k?) who estab lished  a minimum su lfu r re ten tio n  value of H50 

to 500 p.p.m. fo r prunes and ap rico ts , beyond which l i t t l e  p ro tec tion  of
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vitam in C is  afforded. These authors s ta ted  th a t conservation of vitam in 

C la  prunes and aprico ts during dehydration is  the only function of su l­

fur! and th a t th is  p ro tec tion  is  of l i t t l e  importance la  storage unless 

tem peratures are unusually high.

According to  Oruess ( 16) and o thers, su lfu ring  pl&smolyzes the c e ils  

and renders su lfured  f r u i t  sore subject to rsp id  drying. The data  in  

tab le  lb , however, ind ica te  th a t the heavily su lfured  apples dried  more 

slowly in  the primary period than the l ig h tly  su lfured  m ateria l, as shown 

by the moisture contents a t the end of the primary drying period.

Whereas the apples su lfured  a t 10 and 20 pounds/ton had dried down to 

b6 per cent moisture a t th is  p o in t , the apples which received the 2-pound 

treatm ent and those which were not su lfu red  had dried down to  39 and H2 

per cent moisture respec tive ly . Since th is  slower drying in  heavily su l­

fured apples i s  shown ^ a i n  in  la te r  data, i t  i s  apparent th a t the 

association  of more rap id  drying of o ther f r u i ts  with heavy su lfu ring , as 

made in  the aun-drying industry of the west, may not apply in  dehydration 

of apples or even o ther f r u i ts .

Moisture contents a f te r  conditioning do not re f le c t  these d ifferences 

which were found a t  the end of the primary period .

Time of S u lfuring . Increasing the length  of time the apples ere 

subjected to  su lfh r dioxide had the e ffe c t of increasing the absorption 

and re te n tio n  of su lfu r  by the f r u i t ,  but only up to 60 minutes of su lfu r­

ing, as shown in  tab le  15. The 6o-mlnute treatm ent resu lted  in  a b3 per 

cent increase in  sulfurous acid content of the dehydrated f r u i t ,  whereas 

the 120-minute treatm ent did not re s u lt  in  any increase compared to the 

6o-minute treatm ent. Again, there is  evidence of more rapid  drying in  

the l ig h t ly  su lfured  f r u i t  compared to the heavily su lfured  apples as 

shown by moisture contents ranging from b2 to 51 per cent a t the end of
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fABLS 15. I f f e o t  o f time o f su lfu ring  on the 
su lfu r  re ten tio n , m oisture, ascorbic a d d , sad 

peroxidase a c tiv ity  in  dehydrated Stayman 
Winesap apples.

Sulfuring
time

(minutes)

Per cent
a f te r  j

primary
drying

s
moisture «

a f te r
condi­

tioning

Ascorbic 
acid  

(mg./lOO g. 
dry wt.)

Sulfurous 
acid 

(p.p.m .)
per­

oxidase

0 k l .$ l} .& 5.2 31
I

5 p lus

JO **2.6 I k .  7 U .u 1SXH plus

60 H6.9 I k .  2 XI. 5 1735 plus

ISO 51.0 13.0 12.0 1 1735 -

the primary dry lag period . At the sad of the conditioning period  a l l  

treatm ents reached a somewhat s im ila r moisture content, which did  not 

wary consis ten tly  compared to no su lfuring .

fhe su lfured  apples, compared to  the non-sulfured apples, showed 

narked reductions in  the loss o f ascorbic acid during dehydration. As 

measured by ascorbic acid content, there  was no s ig n if ic a n tly  increased 

p ro tec tio n  afforded vitam in C as a re s u lt  o f increasing  the su lfu ring  

time; the d ifferences shown in  ascorbic acid content among su lfu r  t r e a t­

ments are assumed to be within the rang6 of experimental e rro r  and 

there fo re  not s ig n if ic a n t.

I t  Is  in te re s tin g  to  note in  tab les I k  and 15 th a t the su lfu ring  a t  

20 pounds/ton and the 120-minute su lfu ring  a t 10 pounds/ton re su lted  in  

m ateria l which gave a negative peroxidase t e s t .  In  the dehydration 

Industry i t  has been f e l t  th a t no amount of su lfu ring  would destroy 

peroxidase, but here I s  evidence th a t heavy su lfu ring  w ill  r e s u l t  In 

apples which w ill not produce a color reaction  w ith guaiaeol. th is  w ill 

be discussed more fu l ly  la te r .
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temperature During Sul fa r in g , fab le  16 p resen ts the r e s u l ts  of 

su lfu r ing apples at increasing temperatures from 59® 150° f .  Increasing

the temperature of the su lfu r  chamber from §9® to IQS® f ,  re su lted  la  a 

gradual increase in  sulfurous acid content of the dehydrated apples, the 

13**® treatm ent, however, re su lted  in  a s lig h tly  decreased sulfurous acid 

content compared to the 108® treatm ent, whereas the 150® treatm ent resu lted  

in  the highest sulfurous acid content obtained in  th is  se r ie s  o f treatm ents, 

but the increase over the 108® treatment i s  not in  proportion to  the 

increases obtained in  each temperature r is e  from 59° to  108® P.

TABLE 16* E ffect of su lfu ring  temperature on su lfu r 
re te n tio n , m oisture, ascorbic acid , and peroxidase 

a c tiv ity  in  dehydrated Stamen finesap apples.

femp. o f 
su lfu r  
ohsmber 

(*•».)

1 For cent moisture.*■—*..*.... . ............. .
. a f te r  a f te r  
. primary oondl- 
. drying tioning

: Sulfnrou, 
'  ; .o ld  

j (P.P.B .)
s*

Ascorbic 
acid  

(Bg./lOO *. 
dry wt*)

Per­
oxidase

59° 42.6 1»*.S i n k l l . k plus

67® H6.2 l l . l t 1388 11*5 plus

86° >*5.1 11.9 IU69 11*5 plus

108° 3^-9 10.2 1571 12*2 plus

I3U0 >*8.1 18. »t 1520 9*2 plus

150° 52-3 15.6 I663 10*0 plus

Although the m oisture contents of the dehydrated apples did  not show 

any consisten t p roportional re la tio n  to temperature treatm ents during 

sulfurlm g, the apples su lfured  at 13**® and 150® dried  the slowest of a l l  

treatm ents and had the highest f in a l  moisture content, fhe apples su l-  

fured a t  a l l  lower temperatures d ried  more rap id ly  and reached a lower 

f in a l  m oisture content, but did not show a consisten t trend towards the
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•low drying end high moisture ©f the f r u i t  «ulfured s.t the highest 

teasperetures. Since the f r u i t  su lfu red  at the higher temperatures in 

the su lfu r cheater went in to  the dehydr&tor in  a warmed condition, i t  

was expected to dry more rapidly  then the f r u i t  su lfured  a t lower tem­

p era tu res , hut the reverse was true . I t  i s  possib le  th a t the outer 

surfaces of the apple sections d ried  more rap id ly  in  the i n i t i a l  stage 

o f dehydration and formed a crust or hard layer of c e lls  impervious to 

movement of water from the in side; i f  tru e , th is  i s  an exasple of "ease 

hardening" as described hy the industry .

f is h e r ,  e t a l. (26) reported th a t prolonged, high-temperature su l­

furing  o f so ft f r u i ts  resu lted  in  a mushy product which dried  more slowly 

and stuck to drying tray s . In th is  work, though no prolonged periods of 

su lfu rin g  were used with high tem peratures, the h ig i temperature t r e a t­

ments resu lted  in  a high q u a lity  product which showed no tendency whatever 

to s t ic k  to the drying tra y s , although somewhat slower drying was observed 

in  apples su lfured  a t  13b0 and 150° F. then the trays were removed from 

the su lfu r  chamber, the apples which were subjected to temperatures above 

108° f .  were somewhat mushy on the ou ter surfaces o f the individual 

sec tio n s, This breakdown of c e lls  was lim ited  to the surface c e lls  and 

did not extend in to  the in te r io r  o f the sections, from the viewpoint of 

handling, however, the high temperature treatm ents were not a t  a l l  

ob jectionable.

The ascorbic acid content of the dehydrated f r u i t  showed no outstand­

ing d ifferences between the 59° to 108° treatm ents. The 13b0 and 150° 

treatm ents, however, resu lted  la  dehydrated m ateria l o f a lower ascorbic 

acid content. Though no ascorbic acid determ inations were made on fresh , 

su lfured  apples before dehydration, i t  i s  possib le  th a t some ascorbic acid 

was lo s t  in  the su lfu ring  process when the two highest temperatures were



used. th is  could Too duo to both the high temperatures sad a re la tive ly  

high humidity which usually prevailed ia  the sulfur chamber.

Stems-blanching. the e ffect o f a steam bleach used with aad without 

sulfuring is  shown in table 1?. the use of a standard 30-minute sulfuring  

followed by a 30-second steam blanch resulted in the highest sulfurous 

acid content in the dehydrated apples o f e l l  treatments used in  th is entire  

sulfuring study, th is  resu lt was indicated in earlier  work when a steam 

blanch was used in one o f the treatments for the 19bb storage work already 

described. In addition to producing the highest sulfurous acid content,

I  ABLE 17* I f  feet o f a standard 30-miaate sulfuring 
at 10 pounds per ton compared to a 30-second stems 
blanch on ascorbic acid, moisture, sulfur retention, 
and peroxidase a c tiv ity  in dehydrated stayman Wine- 
sat apples.

♦e per cent moisture : AseorHe
treatment \

before \
a*yia« : 0

after
primary
drying

after  ’ 
condi- ! 

tiea lng  J

Sulfurous
acid

<p.p.».)

acid  
(mg./100 g. 

dry wt.)

Per­
oxidase

Ho treatment **1 .9 13.2 31 §.2 5 plus

30-see. blanch 38.6 8 .3 10 8.0 plus

30-mln. sulfur- 
lag b2.6 lh .s 121* 11. k plus

30-«in. sulfur 
plus blanch *5 .5 l i .b 1913 10.2 minus

the sulfur plus steaa-blanch treatment resulted in  fru it which showed no 

peroxidase ac tiv ity  whatever, and which had a somewhat reduced, but s t i l l  

high ascorbic acid content. A small amount of sulfurous acid, 31 and 10 

p.p.m. respectively, was found in the check treatment aad in the blanch- 

only treatment indicating that some sulfur was placed up in the dehydrator 

from the trucks which had been sulfured. Blanching alone resulted ia  the
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most rap id  darling and the lowest f in a l  moisture content o f the four 

treatm ents considered. Blanching alone resu lted  in  considerably sore 

as corbie sold than did  no blanching, but su lfu r was necessary fo r maxims 

conservation o f ascorbic acid during dehydration. In the blanching t r e a t­

ments , i t  is  recognised th a t some of the ascorbic acid was lo s t  in  the 

blanch treatm ent I t s e l f .

Samples o f a l l  treatm ents used In  th is  e n tire  study were recon­

s t i tu te d  in  cold water ( 17° C.) fo r two hours. R esults calcu lated  as 

p e r cent of I n i t i a l  moisture recowered showed no s ig n if ic an t d ifferences 

due to any of the su lfu ring  treatm ents, so the data  are not given in  th is  

piper.

I f  fe e t of Bipenes* of f re sh  Apples on Q uality, 
f ie ld ,  and B eeonstitu tion  of Dehydrated Apples

fo r  th is  study apples were dehydrated a t the following in te rv a ls  

during the storage season: (1) harvest, (2) the middle of the ordinary

commercial storage period  (December), ( 3) near the end o f the commercial 

storage period (March), aad ( k ) past the commercial season (June). fhree 

v a r ie t ie s ,  stayman winesap, fo rk  Im perial, and Borne Beauty were dehydrated 

in  th is  work, and, as an index o f m aturity  in  each varie ty , pressure te s ts  

were made before each dehydration, the  prepared f r u i t  was dehydrated in  

the cabinet dehydrator fo r two hours a t 175° f-  followed by 2 |  hours a t 

165° f .  All dehydrated spples were conditioned fo r Hg hours and sealed 

in  t in  cans in  a ir  fo r  chemical analysis which was made as soon as 

possib le  a f te r  dehydration, fre sh  spples were analysed the same day the 

apples were dehydrated.

In tab le  18 i s  recorded the y ie ld , moisture con ten t, and ascorbic 

acid  content of the dehydrated f r u i t  of each v a rie ty . Eherc was considerable



2ABLJB 18. Analysis o f  Stays an W ineaep , York Im perial, 
and Some Beauty apples d ried  a t  in te rv a ls  during 

the storage period .

Average
pressu re

t e s t
(pounds)

■" "f"'" ' •
per cent m oisture

7  “ ----
•» Ascorbic acid

Date
dried

Y ield
(d r ie d

IB s.)
] fre sh  

f r u i t
a f te r

primary
drying

dried
and

condi­
tioned

fresh  d ried  
f r u i t  f r u i t  

’ (mg./lOO g. (mg./lOO g. 
: dry w t.) dry w t.)

p e r cent 
le e s

in
drying

Staysail linesap

10/X2/U3 3.50 79.3 5^.5 9.8 15.4 12.9 16.6
12/ 2/U ) 

3/ 29/W
12. 4 3.60 83.9 58.7 9.6 8.1 6.3 21.6

8.9 3.82 83.1 58. 4 11.0 7.3 5.3 27.7
6/ i ty W 8.7 3.60 82.8 58.9 12.6 7.3 5.9 18.2

Borne Beauty

IO/29A3 15.3 3.55 85-3 61.7 10.2 11.2 9 .7 13.1
12/  6/U3 11.4 3.35 85-1 60.8 12.4 10.1 8.5 15.2

3 / 1/44 10.4 3 ^ 7 85.2 59.5 8.6 7.5 6.4 15.8
6/ 13/44 10.3 3.40 85-7 59.0 11.1 7.1 6.1 14.8

Tork Im perial

10/29/^3
3/ i / w

19.5 3.60 S3.I 56.2 8.9 19.8 14.8 25.4
15.6 10 82.3 55.0 9 .3 9.0 7.5 16.9

6/13/1& 12.2 3*70 %3 . k 55.0 11.9 10.3 8.4 18.1
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TABL1 19. Sugar content of fresh  and dehydrated apples 
d ried  a t in te rv a ls  during the storage period .

f• fresh Dehydrated
! As per cent of wet weight As per cent o f dry weight As per cent o f wet weight As per cent o f dry weight

d ried  :
: Reducing 
• sugars

Son-
reducing
sugars

14
Total
sugars

Seducing
sugars

Ion-
reducing

sugars
Total
sugars

Seducing
sugars

Ion-
reducing

sugars
Total
sugars

Seducing
sugars

Son-
reducing

sugars
T otal
sugars

Staya&n wine sap

10/12/H3 6.9
18/  Z/U3 8.0 

2/Z9/Vi 7.9  
6/lM /Vi 8.6

2.8
2*9
3*3
2.3

9.7
10.9
11.2
10.9

33*o
*9.3
*6.8
50.2

13-7
1S.5
19*6
13.1

*6.7
67.8
66.*
63.3

Mo.6 
*6.0 
*2.8 
*6.2

13.2
17.0
16.8
8.8

53*S
63.0 
59*6
55.0

*5.0
50.9 
*8.1
52.9

lH.6
18.8
18.9
10.0

59.6
69.7 
67.0 
62.9

S eas Beauty

10/ 29/>+3 7.0
12/ 6 / ^  7.3

3 / 1/>A 8.3 
6/13/V i 6.8

2.3
3.0 
1.8
1.0

9*3
10.3
10.1

7. s

*7.6
*9.0
55-S
*7*5

15.6
19.8
12.1

7*3

63.2
68.8
67.9
5M.S

3S.5
**.0
52.*
*9.0

1*.5
16.6
10.6 
10.0

53*0
60.6
63.0
59.0

*2.8
50.2
57*3
55*1

15*7
19.0
11.6
11.2

58.5
69.2 
68.9
66.3

Toric Im perial ■

10/ 29/ p  8.1 
3 / i/V i 10.0 
6/13/V i l c . 1

2.3
2.9
0.7

10.4
12.9
10.8

H7.8
56.1
60.8

13.8
16.5

*.*

61.6
72.6 
65.2

36.9
*7.*
*6.6

10.5
i* .6

5.*

*7.*
62.0
52.0

Mo.7 
52.2 
52-9

11.5
16.1
6.1

52.2
68.3 
59.0
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v a r ie tie s , the fresh apples showed am increase la  to ta l sugars from 

October to february, followed by a decrease. Shis was reflected  la  the 

dehydrated apples by corresponding changes. She dried apples showed a 

high to ta l sugar content regardless of when tbs apples were dehydrated; 

th l i  ia  ia  agreement, aa to quantity, with the auger data previously  

reported ia  th is paper, lone aad Staynan apple a ahowed a greater tota l 

auger eonteut after deiqrdration than before, whereaa York apples decreased 

ia  to ta l eugara ia  each dehydration of thia variety. two faotora eould 

be operatlag ia  dehydratioa to produce ehaagea la  eugara wtthta the 

apple a. i t  waa expected that the heat of the dehydratioa pro cess would 

step up respiration la  the in i t ia l  stages o f drying, thereby reducing 

the sugar content la  the apples. On the other hand, there could be 

hydrolysis of starch and henleelluloaes during dehydration to produce 

aa Increase in  sugar content o f the dehydrated notarial, these data, 

however, were not intended to present a detailed aeoount o f sugar ehaagea 

in  apples during dehydration, th ia  work dees indicate that changes in  

sugars take place during dehydration, but that these ehaagea were not 

uniform la  different va r ie tie s , or in  the sane variety dried at differ*  

ent intervals in  the storage season.

the reconstitution o f dehydrated Tork Imperial apples in  odd  water, 

reported in table 20, showed a tendency for increased recovery of in i t ia l  

moisture as the period of storage o f fresh fru it was increased, ^ p le s  

dried in October recovered k} per cent of in i t ia l  moisture in  the 2-hour 

reconstitution period, whereas apples dried in June recovered 57 per cent. 

She reconstitution o f Home and Stsyman apples, shown in  tables 37 and 38 

in the appendix, resulted in considerable var iab ility  in  amount of 

moisture recovered. In each o f these two v a r ie tie s , there was no trend 

in  moisture recovery associated with length o f the storage period for the
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fABLB 20 . Bacons tltu tio n  o f dehydrated York 
Inperial apples dried at intervals  

daring storage.

f in e  1 For coat o f i n i t i a l  a o is tu re  recovered
in  *   "—"|fl  ——     y .w —    —   

water* : Fried I Fried * Fried
(minutes) * 10/2S/*Q I 3/l/HH * S/Xj/IA
1:1  "   T s     ’ " i r,T "T1 r'r:" ' T' r* '...........

0 s X.fH i 2 .1$ I t M
i % t

20 f 2X*3f 8 2$.$$  t 2$ .0k
! l 8

Ho I 28*12 * 33 . XX i 36.H9
1 t 1

60 J 3 8 .5 2  : H0.2H i H3.25
t : s

SO > 35.*5 : 5̂-01 : K j . j ls s t
100 : 39.7* ! **-57 1 52.27

% I t
120 t H3.O8 t 52.XH t 56 .7 8

8 : t
sfeaperatm re o f water -  25° 0.

fresh  apples, fhough wore m oisture i« picked op by dehydrated apples when

reco n stitu ted  free  2 to 12 hours, the re la tiv e  d ifferences he tween saaples 

In  anount o f B olsters recovered Is  not changed by extending the recon­

s t i tu t io n  period  heyond 2 hours* Moreover, th is  period o f 2 hours is

double the soaking tin e  required hy the ar*y (2) fo r cooking purposes.

A ll lo ts  d ried  in  th is  study were of exce llen t appearance and edible

q ua lity  when dried  and when reco n stitu ted , th is  was true  even of the

apples d ried  in  June, well past the commercial storage season fo r the 

fre sh  f r u i t .  Fevhsps the only d ifference  between the l a s t  lo ts  and those 

dried  e a r l ie r  in  the storage season was the senewhat l ig h te r  eolor o f the

dried  sections in  the fo raer. Also the apples d ried  in  June had & ten­

dency to s tick  to  the drying trays *ore then f l r a e r  apples o f the ea rly  

p e rt o f the storage season, th is  c h a ra c te r is tic , however, was not suf­

f ic ie n t  to be objectionable in  handling the apples.
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DISCUSSIGK

the primary object ire  of any method o f food processing i s  to preserve 

as much o f the fresh food quality, flavor, and appearanee as possible; 

th is  preservation, of course, must bo obtained not only in  processing but 

in subsequent storage as w ell, The present study has shorn that quality  

in  dehydrated apples, measured by asoorbio acid and darkening, can be 

lo s t  or retained to a considerable extent in both dehydration and storage.

Boring the dehydration o f apples, oxidation o f asoorbio acid in  the 

fru it i s  influenced by the drying temperatures used, the drying rate, the 

rela tive  hnaidlty in  the drying period, the variety of apples, and by pre­

drying treatments. Asoorbio sold losses up to 10 per cent were recorded 

when high temperatures or high humidities were used in the cabinet dehy- 

drator. In the tunnel machine, however, there was no greater lo ss of 

ascorbic acid when the primary temperature was held at 210° f .  than was 

the case when the primary temperature was as low as 175° ?• This d iffer­

ence between drying equipment was undoubtedly due to the more rapid drying 

rate associated with the lower humidity which prevailed In the primary 

tunnel, as compared to the unavoidable higher humidities in  the cabinet 

dehydrator. Consequently, the home dehydrators o f the cabinet type, with 

re la tiv e ly  low air v e lo c it ie s  and high humidities, cannot be operated 

without considerable losses o f ascorbic acid in  the drying o f foods. 

Moreover, application o f resu lts obtained in experimentation with m a ll  

cabinet machines to commercial dehydration would at best be d if f ic u lt .  

Maximum retention o f ascorbic acid, therefore, seems to depend on attain­

ing a rapid drying rate through use of high temperatures together with low 

rela tive  humidity, maintained by high air ve loc ity  and controlled recir­

culation of a ir through the machine.
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more than compensate fo r the i n i t i a l  d ifferences In  color and general 

appearance, and therefo re , the i n i t i a l  e ffe c t on color wonld not he suf­

f ic ie n t  to d iscard  blanching as a pre-drying treatm ent.

Although Brown, e t  a l. ( 10) recen tly  proposed tha t Blanching alone 

might he su ff ic ie n t fo r preservation  of f r u i ts  and vegetables, the present 

weik shoved th a t Blanching without su lfu ring  i s  inadequate to preserve 

q u a lity  and color la  dehydrated apples. Blanched apples which were not 

previously  su lfured  exhib ited  d isco lo ra tion  even before the apples were 

placed in  the dehydrator. Blanching alone, moreover, did not re su lt  in  

the high degree of ascorbic acid re ten tio n  during dehydration th a t was 

obtained by su lfu ring  alone. Sulfuring plus blanching, on the o ther hand, 

re su lte d  in  the longest storage l i f e  in apples o f about 12 per cent mois- 

tu re  sto red  a t 100° f . Thus some marked improvement o f keeping q u a lity  

as well as ra te  of drying of apples can Be e ffec ted  by a pre-drying t r e a t ­

ment combining blanching with su lfu ring .

Contrary to the report of Michels and C hristie  (H 6), th is  paper 

p resen ts evidence to show th a t high su lfu r absorption and re ten tio n  wee 

r e la t iv e ly  easy to accomplish in  the dehydration of apples. The possible 

maximum of H*50 p a rts  per m illion , reported by Nichols and C h ris tie  as the 

g re a te s t amount of su lfu r possib le  to  get in to  apples, was shown to be 

extremely low. By Increasing the concentration of the gas in  the su lfu r 

chamber, the temperature o f the su lfu r chamber, or the length  of time the 

©poles are exposed to su lfu r, or by combining su lfu ring  with a short 

steam blanch, the operator can e a s i ly  get re ten tio n  o f 1800 p a rts  per 

m illion  or more of su lfu r  a f te r  dehydration. I t  must be emphasised also 

th a t su lfu ring  of apples up to th is  high leve l was dene w ithin commercial 

p ra c t ic a b i l i ty .  Time i f  a commercial dehydrating p lan t ware ca lled  upon 

to  produce apples of Increased su lfu r content, th is  could be accomplished
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by increasing  the concentration of the su lfu r dioxide gas together with 

ra is in g  the temperature o f the su lfu r chamber to perhaps 100° ?. i a  th ia  

manner the su lfu r content o f the apples could he markedly ra ised  without 

Increasing the length  of time of the su lfu ring  period fo r each u n it of 

tray s , as time is  u sua lly  an important fac to r in  handling o f food p r io r  

to processing, fhe use of a steam blanch in  addition  to the su lfu r t r e a t­

ment fo r fu rth er increasing  su lfu r re ten tio n  has already been proposed.

le su lfu r ia g  of f r u i t  a f te r  dehydration has heen sa id  to add nothing 

to  the p ro tec tion  o f vitamin C in  prunes and sp rieo ts  during storage (1*2) ,  

fhe re  su lfu ring  of dehydrated f r u i t ,  p rac ticed  in  the west fo r many years 

to b leach f r u i t  a f te r  certa in  periods of sto rage, i s  a t best a very 

in e f f ic ie n t  method of increasing the su lfu r  content, since dried  f r u i t  

absorbs fa r  less  su lfu r  dioxide than fresh  f r u i t .  I t  would seem from th is  

work, however, th a t some advantage was gained by add itional su lfu r ob­

tained  in  re  su lfu ring  dried  apples. In  those treatm ents in  which re  su l­

fu ring  was used, a longer storage l i f e  resu lted  in  proportion to the 

amount o f su lfu r which was in  the f r u i t  s t  the beginning of storage, 

though the blanched apples, lo t  123* hed the highest su lfu r content in  

th is  study, i t  i s  doubtful th a t much o f th is su lfu r was added in the 

re su lfu ring  process. However, re ten tio n  o f  su lfu r wes improved in  th is  

treatm ent by some means. I t  i s  apparent th a t a more p ra c tic a l method of 

preventing  excess oxidation of ascorbic acid and o f preserving color in  

dried  apples would be to get the su lfu r  in to  the apples before dehydra­

tio n  ra th e r  than re ly  won re su lfu riag  to do even p a r t  o f the job? tid e  

i s  e sp ec ia lly  true  when apples are d ried  to a low moisture content, fhe 

data do not agree, however, with the contention th a t re su lfu riag  can add 

nothing to ascorbic acid conservation in  dried  apples. Re su lfu ring  does 

Increase ascorbic acid re ten tio n , but only to the extent that su lfu r content



ia 
tka 

industry 
would 

iadieata 
that 

tfcia 
ia 

not 
true, 

and 
la 

tfaia 
w

ork,

a

*% G
3 %f*. t*»* sa «*•
g:
o
p

a
©.

m
«*•

r

§•»

i  i
ft

a p  ?
•*
3
*©©

t
8 
apu
S

I*s t
3 1
*. «i

m
tI

S'
3
ft 
ft

* s
a  m

Vs©
«*•
V*

3

o
►%

*©
a

3
f t

3
a
<»
I
pa
a I

©

©
«>

3
f t

!  !  I
**
«*■

I
&
I
a
a
a
&
s
!»•>
V

\
ts
**

%
0  
H

1
**»Si
#►

f t

ot» ? $

•a
ui

ao
a^

-i
 

*t
03

00
*0

0 
:*t

 •
!«

**
<*

•«
 

P»
1W

* 
wa

rn 
ap

un
od

mo
o 

tu
|*

©
tW

m
f t

«*d
a

5
6

©»%

0tr
I
«*

s
aa

3
f t
44
©

1 *
I  I
3 %

I  *
s 5

I  *
©

f t

1
a
f t

«©

3
f t

£
•  £
44 44

©

I
0

e
0

f t
a
e

1  
I

© 
ft • %

W «*
H 0

|  *£
a *  sI t *

sr ©■

5 £
'  3©

«♦
»*
©©

f t
©*

* E © €*•
m

\  s

*4 0 0
&  *& &
© •  fc*«a ©

© **

I  S  3 *
? * I  :

H» «+ I—

i

W

I  f

I  a
I©>
t  *
*© w»

? I
ft F

44

ft t
**•

i  £
44 0*i

!  !
£  §

©M
»
«*•

S

I

s*t

H 44

I* S*P
a s
I  £
I  t
ft g
II &
ff s

rs
©
IS
©**

t  g

*© s
*« H*

1 S
*£

2
3
©
►%

&
H>

$
O

&
&
©**
£

I !  ?©
S

p.

I

f t
H©

44

t♦1
©
o

g

a
&

«*-
*♦

44 ft*
I*

: a
S ft

©*
«*° w♦© 3
3 f t
g . ■
t  * 
•  S
P* P*

«*•

3

i
3

3
©*

05

f t
S
E
E
sS3£ I

1*9

S
5
©

©
M>

i
«♦

©
IS

«► ©*
»*> « ©

s a
3 I  
»-*

&
©
©*

f t  
f t

f t
©
©»

«
♦©

la 
retaiaad 

la 
aubaa%

u*at 
atora«©

.



si

drying a t 210° f .  in  the tunnel denydrator did not always re s u l t  in  & 

negative peroxidase te s t .  However, a d e ta iled  study o f su lfu r t r e a t­

ments in  la te r  work showed th a t sulfurous acid i s  a d e fin ite  fac to r  in  

breaking vp enzyme systems in  dehydrated apples.

B alls and Hale ( 5) s ta ted  th a t darkening of fresh  apples i s  a 

reac tio n  catalysed  by peroxidase, and th a t the formation o f hydrogen 

peroxide by a re sp ira tio n  enzyme -  which uses molecular oxygen -  i s  a 

necessary prelim inary step to the darkening reaction . They s ta te d , 

fu r th e r , th a t in  the absence of a i r ,  the tis su e  darkens only u n t i l  the 

peroxide present i s  completely u t i l i s e d ,  and then continues fu rth e r only 

upon the addition of peroxide or upon re-exposure to a ir  when the perox­

ide is  again produced ensymically. I f  a s im ila r system operates in  

dehydrated apples, then i t  remains to be explained why darkening took 

place almost as rap id ly  In samples sealed in  carbon dioxide and in  vacuum 

as i t  d id  in  samples sealed in  a i r .  Qverholser and Oruess ( 32) ,  in  study­

ing the darkening of fresh  apple t is su e , indicated  th a t su lfu r dioxide 

prevented the darkening by acting  w ith the organic peroxide ( considered 

by them to resemble hydrogen peroxide) ra th e r than with the ensyme, 

peroxidase. I f  th is  action takes place ia  dehydrated apples, the actual 

decreases in  sulfurous acid should be co rre la ted  with the appearance of 

darkening, a  c o rre la tio n  of th is  so r t  was noted, but some v a ria tio n  

ex is ted  and the association  was not a close one with sim ila r reductions 

o f sulfurous acid fo r a l l  samples which showed a c e rta in  stage of d is­

co lo ra tion  a t a given time.

In  the q u a lita tiv e  peroxidase te s t  with various lo ts  of dehydrated 

apples, v a ria tions in  the color in te n s ity  o f the reaction  were produced 

by d if fe re n t ia l  su lfu ring . Considering the prevalent opinion o f the 

industry , i t  was assumed at f i r s t  tha t no amount of su lfu ring  would
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co rre la ted  through the storage period . Is  the work on dehydrated apples 

sto red  a t 100® F. the d isco lo ra tion  of the apples in  the la te r  stages o f 

storage so colored the ascorbic acid ex trac t th a t the determ ination o f an 

end po in t in  the t i t r a t io n  was impossible. However, a t th is  period  of 

storage the su lfu r content o f the apples was reduced to  a very small per­

centage of i n i t i a l  su lfu r , or no su lfu r at a l l ,  as was the ease of some 

samples. Thus i t  i s  assumed th a t the association  of su lfu r aad ascorbic 

acid would s t i l l  hold fo r the la s t  p a rt of the storage season.

The disappearance of su lfu r in  s to red , dehydrated apples has been 

studied  by lic h o ls  and C hristie  (b 6 ) , who proposed a possib le  rec ip rocal 

re la tio n sh ip  between moisture content of the dried  f ru i t  and the extent 

o f conversion of su lfu r  to some other compound. In f r u i t  of higher mois­

ture content ( about 2k per cent, or near the leg a l lim it) they postu la ted  

tha t darkening was due to the formation of su lfu ric  acid by the reaction  

of sulfurous a d d  with oxygen in  the f r u i t ,  but s ta te d  th a t the possib le  

su lfu r ic  acid concentration in  the f r u i t  with which they were working was 

probably not su ff ic ie n t to cause the darkening by charring action . This

leaves th e ir  fu rth er assumption th a t the darkening was due to changes in

p lan t pigments. Some of the re s u l ts  obtained in  storage of dehydrated 

Steyman apples at 100° f .  support in d ire c tly  th is  theory of rec ip roca l 

action o f su lfu r and water. In th is  study, apples which were dried  down 

to  about 3 P®r  cea* moisture showed a lo ss  of approximately 50 per cent 

of I n i t i a l  sulfurous acid compared to  & loss o f 81 to 100 per cent in  e l l  

o ther treatm ents in  which the moisture content of the apples was about 

12 per cent. Thus the conversion of su lfu r in  the }  per cent apples was

roughly only h a lf  th a t which took place in  the 12 per cent apples. I t

would seem, fu r th e r , th a t the decreases in  pH found in  s to red , dried  

apples would also support th is  rec ip roca l theory. These decreases might
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have bean brought about by oxidation of sulfurous eeld to su lfu r ic  acid, 

wherein the to ta l  ac id ity  need not change but the su lfu ric  acid i s  more 

highly ionised , f t  was shown in  l a te r  work, however, tha t sulfurous acid 

re te n tio n  was markedly influenced by storage temperature, fhns i t  can be 

assumed th a t i s  the f i r s t  storage work the common storage temperatures 

were high enough in  I n i t i a l  months to produce a ra th e r m >id decrease in  

sulfurous acid in  the stored  apples, whereas the cold storage would not 

show a corresponding ra te  of decrease o f sulfurous acid, with th is  

assumption as a b a s is , i t  is  suggested, then, th a t oxidation o f sulfurous 

acid  to  su lfu ric  so ld  could have had m  re la tio n  to the reduction ia  P i 

in  sto red  apples since the pH of a l l  four v a r ie tie s  sto red  showed a 

sim ila r ra te  o f decrease in  both cold and common storage, fh is  suggestion 

i s  in  agreement with the work of Morgen and y ie ld  (U l), who found no 

re la tio n  between pH of dried  f r u i t  end su lfu r content.

fh a t su lfu r  content does not account e n tire ly  fo r color re ten tio n  

in  dehydrated f r u i t  has been reported by Krak, e t  a l .  (H§), who recorded 

a 50 per cent loss o f su lfu r dioxide in  dried  aprico ts during a 6-aonth 

period with no accompanying d e te rio ra tio n  o f co lor in  the f r u i t .  In  the 

present work, the sulfurous acid content o f gpples when i n i t i a l  darkening 

was evident ranged from *100 p.p.m. to 1100 p.p.m. In  apples o f a com* 

perable moisture content, a reduction in  sulfurous sold was usua lly  

accompanied by darkening, but the sp e c ific  su lfu r content o f the apples 

a t the onset o f darkening ringed considerably. In  the low-moisture apples, 

however, darkening did not show a close co rre la tio n  with reduction of sul> 

farous acid , since i n i t i a l  darkening was observed in  these apples only 

a f te r  9 months of sto rage; a t th is  po in t the sulfurous acid had been 

reduced to about 51 per cent o f the i n i t i a l  value. Thus i t  would seem 

th a t darkening is  associated with su lfu r content to a considerable ex ten t, 

but only a t  a  given moisture content.
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Storage temperature i s  the most important fac to r in  the preservation  

of dehydrated apples. A storage temperature ju s t  above freesing  vas the 

most sa tis fa c to ry  fo r long keeping of th is  product, hut a constant tem­

pera tu re  of 65° F. was nearly as e ffe c tiv e  ia  preserving the apples as 

the near-freesing  temperature. When the common temperature was allowed 

to  f lu c tu a te  widely from 65° F . , however, the d e te rio ra tio n  of apples took 

place more slowly or more rap id ly , depending upon the d irec tio n  and the 

ex ten t of the temperature v a ria tio n s .

I t  is  apparent th a t fo r p reservation  of color and quality  of dehy­

drated  apples ia  sto rage, high sulfurous acid content in  the apples was 

more important than packing in  vacuum or an in e r t  gas in  a i r - t ig h t  con­

ta in e rs . Some d ifferences were shown ind icating  a g rea te r ra te  of 

d e te rio ra tio n  in  apples packed in  a i r  compared to f r u i t  sealed in  vacuum 

or carbon dioxide, hut these d ifferences were not as g rea t as were the 

v a ria tio n s  between treatm ents which produced d if fe re n t ia l  su lfu r  con­

ten ts  in  the f r u i t ,  with the exception of the low-moistore apples, the 

su lfured  and blanched apples used in  th is  study had the longest storage 

l i f e  co rre la ted  with the highest i n i t i a l  su lfu r content, a s  already 

pointed o u t, i t  i s  not c lea r how such of the su lfu r  was added by the 

resu lfu rin g  a f te r  dehydration, but the fa c t remains th a t th is  f r u i t  con­

tained  over 350 p.p.®. of su lfu r more then lo t  122, which was resu lfu red  

a t the same ra te ,  but not steam blanched p r io r  to dehydration. Thus i t  

i s  c le a r  th a t the blanched apples were superior to the o thers of a com­

parable moisture content because of the higher su lfu r re ten tio n . The 

e ffe c t of blanching on la te r  storage behavior i s  uncertain  beyond the 

Influence of i t s  g rea te r  su lfu r content.

The combination of re la tiv e ly  high su lfu r w ith low moisture i s  

undoubtedly the answer to  maximum re ten tio n  of qua lity  in  dehydrated
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apples in  high temperature storage. By reducing the moisture content of 

apples ia  dehydration to 3 per cen t, the storage l i f e  of dehydrated epples 

was extended to a minimum of 9 months compared to a few days a t 100° F. , 

which was the ex tent o f the storage l i f e  of apples dried  to about h a lf  o f 

the commercial moisture content. I t  is  in te re s tin g  to  note th a t the 3 

per cent apples had an i n i t i a l  sulfurous acid content which was s lig h tly  

higher than the su lfu r  content reported  fo r apples which received the 

standard su lfuring  and drying. I t  has been reported by long, e t ml. (33) 

th a t most of the su lfu r  lo s t  in  dehydration i s  lo s t  in  the i n i t i a l  stages 

of drying, a f te r  which time the ra te  of lo ss  i s  n eg lig ib le . Presumably, 

the add itional drying of apple# used ia  the storage work removed l i t t l e  

o f the sulfurous acid  from the f r u i t ,  thus some of the higher sulfurous 

acid content reported  fo r the low-moisture apples was due to a removal of 

more moisture In  the additional drying, and consequently, there  remained 

a higher dry m atter content which would tend to ra ise  the sulfurous acid 

content reported on a wet weight b a s is , on which basis a l l  sulfurous acid 

determ inations in  th is  paper were calcu lated , fhe performance in  100° F. 

storage c lea rly  shows th a t low moisture combined with a r e la tiv e ly  high 

sulfurous acid content i s  paramount to keeping q u a lity  of dehydrated 

apples in  high temperature storage. Packing such f r u i t  in  vacuum or in  

an in e r t  gas would possib ly  extend even fu rth e r the storage l i f e  of th is  

product,

fhe p ra c tic a l im plications o f th is  information are obvious, fhe 

leg a l l im it o f moisture content fo r  dehydrated epples i s  s t i l l  2b per cent. 

This i s  e n tire ly  too high fo r any extended storage period s t  temperatures 

much above 65° F . , but i s  sa tis fac to ry  fo r f r u i t  which i s  to be shipped 

immediately to a vacuum dehydration p lan t for fu rth e r  processing in to
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apple nuggets*. For purposes of a lend-lease shipment and fo r purposes 

of a possib le  commercial domestic industry a f te r  tne war, the necessary 

storage period and the temperatures to  which the f r u i t  w ill he subjected 

are very often  unpredictable. In  a study of tunnel drying under p i lo t  

plaint conditions, Schrader and fhompeoa ( 57) have shown th a t apples can 

be d ried  down to 5 per cent moisture or le ss  in  a period of 5 hours using 

a primary temperature of 210° F. fhus to s ^ p ly  the future r e t a i l  market 

w ith low -aoisture apples o f long sh e lf  l i f e ,  the processor has the possi­

b i l i t y  of drying apples down to a low moisture content in  a tunnel machine 

without s ig n if ic a n tly  increased operating time or costs. Under the presen t 

conditions of war, i t  i s  possib le  to supply the armed forces and lend-lease 

agencies with a product which Is  usable under hot tro p ic a l or sub -trop ica l 

conditions, and producible a t ra th e r  low cost in  ex is tin g  tunnel dehy- 

d ra to rs  of th is  apple-producing area or sim ilar areas so equipped, fh is  

work has demonstrated fu rth e r th a t sim ilar qua lity  in  dried  apples can be 

produced a t various stages of ripeness, although the storage behavior as 

a ffec ted  by ripeness of the fresh  f r u i t  was not te s ted . However, i t  does 

show th a t apple dehydration can extend even beyond the commercial storage 

season fo r fresh  apples.

I t  has been shown th a t the lo ss  of ascorbic acid in  epples can be 

held to re la tiv e ly  low lev e ls  in  both dehydration and storage. Such in fo r­

mation i s  of value in  the vitam in fo r t if ic a t io n  program put fo r th  by the 

army fo r m ilita ry  ra tio n s , though apples are not a good source o f vitam in 

C, th is  vitam in, as measured by ascorbic acid , i s  re la tiv e ly  stab le  in  

dehydrated apples under optimum storage conditions, th e re fo re , i t  would 

be fea sib le  to use dehydrated apples as a food to be f o r t i f ie d  with vitam in C.

•Behydr&ted apples (2U per cent moisture) d ried  fu rth er in  vacuum 
defcy d ra t ore to a moisture content o f 1 per cent or le ss  fo r exclusive use 
by the armed forces.
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m m m  conclusiohs

1 . Four loading commercial v a rie tie s  of esp ies , York Im perial,

Stsyman Viaescp, Home Beauty, and Ben Davis, were dehydrated in  a small 

cabinet dehydrator and in  a wpilot* tunnel a t primary temperatures 

ranging from lU |° F. to 210® F. High humidity and a high temperature ©f 

190° F. in  the cabinet machine were detrim ental to re ten tio n  o f ascorbic 

acid end to rap id  drying o f the apples. In  the p i lo t  tunnel, where 

g rea te r a ir  ve loc ity  and hence low humidity throughout the dehydration 

period  were poss ib le , a  primary temperature of 210° F. was found to be 

completely sa tis fa c to ry  with re la tiv e ly  low lo ss  through oxidation of 

ascorbic acid or reduction in  qua lity  of the dehydrated produet.

2* Loss of ascorbic acid  in  the dehydration of apples was held down 

to  25 per cent ©r le ss  with proper humidity, tem perature, and a i r  ve lo c ity  

conditions. Excessive humidity o r temperature, or both, re su lte d  in  loss 

up to SO per cent o f the o rig in a l ascorbic acid. Optimum primary tem­

pera tu re  fo r the cabinet machine was found to be 175° F . , fo r the p i lo t  

tunnel, 210° 7 . Secondary temperature fo r both machines was held a t 165° f .

3. Storage Investiga tions re su lte d  ia  sa tis fa c to ry  preservation  of 

dehydrated epples at a constant temperature of 65® F. However, when wide 

flu c tu a tio n s above th is  figure  were used, darkening and ascorbic acid loss 

took place ra th e r rap id ly . Storage of epples a t 100° F. or more resu lted  

in  a very rap id  d e te r io ra tio n , e sp ec ia lly  when sulfurous acid re ten tio n  

was low. Storage a t 33° F. was the best in  a l l  eases, but only s l ig h tly  

superior to 65° F. storage.

H. High sulfurous acid content was a very important fa c to r  in  

adequate preservation  of dehydrated apples which have a moisture content 

o f 12 per cent or more. Sealing apples In vacuum or carbon dioxide had
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to  too high su lfu r re ten tio n ,

18. fhe amount o f sulfurous acid  re ta ined  "by epples csa 'bo increased 

by ra is in g  toe temperature o f too su lfu r chamber during su lfu ring , by 

increasing  toe concentration of toe su lfu r dioxide gas in  the chamber, by 

imcrer sing the length  of the su lfu ring  period, and by s te m  blanching 

a f te r  a standard su lfu ring . fhe highest amount o f sulfurous acid ,

1900 p .p .® ., re ta in ed  a f te r  dehydration was obtained by using the standard 

30-ainute su lfu ring  followed by a 30-second steam blanch.

13. So advantage as to quality  or chemical content of the product 

was found by dehydrating apples a t any one of four in te rv a ls  from harvest 

to  the following June, well past the commercial storage season fo r fresh  

apples. Yield, moisture content, ascorbic acid content, and sugar data  

showed some unexplainable v a ria tio n s , but no trend associated with ripeness 

o f the fresh  f r u i t .  However, g rea te r peeling lo ss , decay lo ss , and develop­

ment of softness can be c ite d  as reasons fo r  attem pting to get apples 

dehydrated before the end of the normal storage season fo r a p a r t ic u la r  

v a rie ty  of fresh  apples.

lb . In te rp re ta tio n  of q u a lita tiv e  peroxidase t e s ts ,  as applied to 

storage d e te rio ra tio n  o f dehydrated apples, i s  considered impossible in  

view of the lim ited  knowledge of enzyme a c tiv ity  in  d ried  apples. Semi- 

q u an tita tiv e  peroxidase determ inations are given using the q u a lita tiv e  

guelacol t e s t ,  and evidence is  presented to show th a t a negative te s t  can 

be obtained by su lfu ring  alone. Also, varying degrees of co lo ra tion  can 

be obtained with guaiacol in  d ried  apples depending on the degree o f su l­

fu ring . However, the sign ificance o f th is  Is  not known. High temperatures 

in  the tunnel dehydration re su lte d  in  some negative peroxidase te s ts ,  thus 

suggesting th a t dehydration may i t s e l f  serve to destroy enzyme systems In 

su lfured  f r u i t .
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MEI1MMJQM Of m m $

w n m  o f  u m u m m

Id  report® could be found la  the l i te r a tu r e  ecm earning esecrbic acid 

la  toe dehydration ©t  lima beana* aad very few paper® were found recording 

the ascorbic &©id ©oateat o f freed  beana. Walker (66) he® reported  I le a  

besne to vary la  aicorM e acid content fron 16 to 29 milligram# per 100 

gresa wtoereee g rw e r  (29) found a range of 2S te  6 l nU U grsna p er 100 

great* la  elx  v a rle tie e  grown la  Maryland, final aaecrbie acid i t  higher 

in  green he an® eoamared te  white ones, aad higher in  email bean* coshered 

to la rge  ©nee ha# 'been reported by F eller#  aad step  a t ( 2*0 * vaftfcer (66), 

f r e a a le r ,  e t  al* (65)* end by F lteg era ld  and F eller#  (gS), f a r t  of the 

woric reported in  th ia  paper hae been publiahed by fheopee* and ssaheaey ( 6 l ) .

MAfSHdlS i m  HlfHDDS

Frecpaeiag Froeedure, fhe v a rie ty  o f 11mm bona# used la  both year* 

o f th is  study* 19^3 *»& 19*&# we» la r ly  Baby Folate* grown on the Maryland 

H o rticu ltu ra l tm m  near Collage Park, fhe been#, a f te r  being out and viaed, 

were separated la te  aieve a lso # , waahed in  a  regu lar pea waaher* and

weighed out fo r  dehydration a t the ra te  o f approxtfitf te ly  1*25 pound* per

square foot on each tray* fha bean# were dehydrated in  both the tunnel

de hy dr a t or end the cabinet a&ebine already described in  F a rt 1. the

priatary temperature* meed In th ia  worts varied  frost 170s F. to  200s f .» aad 

the aecondaiy temperature wee maintained a t l6o° F. rogardles* o f the 

naenlno uaed o r the type of inv estig a tio n . F rlsa ry  teeiperfturee and
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d ry in g  times used w ill  be given in  those sections where they apply. 

Dehydrated beans were thoroughly mixed and sealed la  Bo. 1 t i n  earns in  

a i r  u n t i l  analyses could he made.

Sampling* Samples o f fresh  hesns fo r analysis were taken immediately 

a f te r  washing. Before helng chopped op and analysed, these beans were 

ro lle d  between two pieces of b lo ttin g  paper u n t i l  the ou ter surfaces 

appeared re la tiv e ly  dry. When samples of blanched, but not dehydrated 

beans, were obtained, the same b lo ttin g  procedure was ca rried  out. In 

a l l  cases, the contents o f a bOO ml.beaker were used as a  sample o f fresh  

beans, the  contents o f a No. 1 t in  can were used as a sample o f dehydrated 

beans. fbe dried  samples were ground up in  an ordinary household food 

g r in d e r , thoroughly mixed, screened through 20 and bo mesh sc reens, and 

the m ateria l held on the bo mesh screen was taken for analysis.

A nalytical Procedure. Moisture determ inations were made in  a vacuum 

oven a t 70° C. fo r 12 hours. Ascorbic acid determ inations were made using 

the m odification o f the Bessey and King (8) method already ou tlined . In  

macerating the tis su e  fo r ascorbic acid  determ inations, i t  was found th a t 

a  minimum blending period o f 1 minute was necessary fo r thorough ex trac tion  

of ascorbic acid  from fresh  beans. Dehydrated beans, which were f i r s t  

p a r t ia l ly  reco n stitu ted  in  the cold acid so lu tion  fo r 1 hour, required a 

blending period  of 1$ minutes fo r ascorbic acid ex trac tion . Duplicate 

determ inations were made on a l l  samples.

BlSDI.fi 

S tandardisation o f Methods

In  order to reduce the v a r ia b il i ty  in  moisture determ inations 

apparently traceab le  to method, a comparison was made o f moisture contents
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between mesh sizes  screeaed from ground-up samples and non-screened 

m ateria l. The contents o f tea  So. 1 cans were grouad up separa te ly  aad 

analyzed fo r moisture coateat. fbe mean weight o f m ateria l held oa each 

sereea aad the meaa moisture coateat o f each mesh e ise  a f te r  12 hours o f 

drying ia  the vacuum oven are ehowa in  tab le  21. More thaa 50 per eeat

21. V a ria b ility  ia  moisture coateat 
o f dehydrated lima beaas.

Mesh
s iz e

Mean 
p er cent 
m oisture

Standard 
deviation  

o f moisture

Mean weight 
he ld  oa each 

sereen
(«*«»•)

Mean per cent 
o f to ta l  
weight

All sizes b.69 0.5*9 - -

20 3.«9 0.632 7.1 6.3

bo b .fo 0.326 59.8 52.5

60 b.9b o .3«* 19.8 1 7 0

80 5.00 0.6*9 9.9 8.9

100 §.21 0.506 S.H 7.6

100 5.75 0.897 8.6 7-5

of the ground m ateria l from each sas$le was held oa the bQ-*esh screen, 

aad the proportion decreased p rogressively  downward as f ia e r  mesh sizes  

were considered. Conversely, the moisture contents of the f in e r  mesh 

sizes  were higher, but they also exhib ited  the g rea te s t v a r ia b il i ty  as 

measured by the standard deviation . I t  was an tic ip a ted  th a t the f ia e r  

p a r t ic le s  might be hygroscopic, so these sizes  were weighed f i r s t  a f te r  

grinding the sample, th e re fo re , the higher moisture found ia  these 

f in e r  sizes hardly can be due to any influence o f the method used in  

preparing the sample. Though no one has ever Investigated  the
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d is tr ib u tio n  of moisture w ithin limn boons, i t  i s  probable th a t c e rta in  

tis su e s  are higher in  moisture than o thers, and th a t th is  v a ria tio n  

shows vep in  the mesh sixes screened from ground-up beans. In  grinding 

and screening the s maples, i t  was noted th a t the la rg e r screens held a 

high proportion of seedcoat m ateria l, whereas the cotyledons broke up to 

a g rea te r  extent and were d is tr ib u te d  in  the sm aller s ixes.

Sim ilar r e s u l ts  on dehydrated c a rro ts  have been reported by Makower 

and Myers (37) * but they found l i t t l e  d ifference in  moisture content 

between mesh s i te s  a f te r  kk  hours of drying in  the vacuum oven as com­

pared to th e i r  o rig in a l drying time o f 6 hours. Undoubtedly, the most 

important fac to rs  governing vacuum-even moisture determ inations are the 

drying time and p a r t ic le  s i t e .  However, ra th e r then d iscard  the vacuum- 

even method, as suggested by Mskower and Myers, i t  would seem th a t carefu l 

s tandard isa tion  o f th is  method fo r  each kind o f dehydrated food with 

respect to the above two fac to rs  would produce sa tis fa c to ry  re su lts  which 

would be comparable, fhns in  th is  work constant weight fo r lima bean 

samples, ground to pass a 20-mesh, but not a bo-mesh screen, was obtained 

a f te r  12 hours drying in  the vacuum oven a t  JO® C ., and th is  time and 

p a r t ic le  s i  so was adopted as standard fo r a l l  m oisture determ inations 

made on dehydrated beans reported in  th is  paper.

Determination o f ascorbic acid  fo r each mesh s i te  ( tab le  22) shows 

th a t as sm aller p a r t ic le s  are used, the ascorbic acid content i s  reduced. 

I t  has been shown by many in v estig a to rs  th a t the d is tr ib u tio n  of ascorbic 

acid (o r vitamin 0) in  vegetables and f r u i t s  i s  not uniform, but i s  con­

cen tra ted  in  c e r ta in  t is su e s , though no work has been reported on lima 

beans in  th is  resp ec t, i t  i s  possib le  th a t th is  uneven d is tr ib u tio n  of 

ascorbic acid does occur in  lima beans, and th a t th is  was re f le c te d  in  

the several mesh sixes screened from ground-up, dehydrated samples.
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ffABIB 22. S ffee t o f mesh size la  determ ination 
o f ascorbic acid la  dehydrated U na beens.

Mesh
size

Moisture 
(per cent)

Aseorbie sold  
(ug./lOQ gr. 

wet weight)

Aseorbie acid 
(mg./ gram 

owea dry material)

A ll s izes 6.65 39.* 0.1*3

20 5.59 *15. 3 o .>*7

bo 6.32 39*0 0.1*8

60 6.80 Ho.O 0.1*3

SO 6.76 3S*S 0.1*8

100 7.00 37-5 o.lio

100 7.^5 3^.S 0.38

I f f e o t  o f Blanching oa the Loos of Ascorbic Acid 
ia  Dehydration aad Storage of lim a Beane

Bleaching o f wagetables prior to dehydration or canning has been 

practiced ia  tho industry for a any years, th is  experiment was designed 

to study la  dot a il  the e ffso t of Tarious aothods of blaaehiag oa the 

rotoatloa of ascorbic sold la  Una beans ia  subsequent processing aad 

storage.

fo r  th is  study ealy  slews s izes  Ho. 2 aad Ho. 3 were used, aad before 

bleaching the Tarious lo ts ,  a l l  white beans were discarded. A fter d if fe r ­

e n tia l  blaaehiag the beans were dehydrated la  the oabiaet machine fo r 2 | 

hours a t  190° F. followed by 5-3 A  hours a t  l 6o° F. Dehydrated beans were 

nixed i a  the usual naaaer, sealed  ia  Ho. 1 t in  cans ia  a i r ,  and stored  fo r 

k  months a t 6$° F. Due to the tin e  consumed ia  renewing the white beans 

and carrying out the blaaehiag treatm ents, i t  was inpossible to  analyse 

the fre sh  beans before blaaehiag.
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The re s u lts  o f th is  investiga tion  ere presented in  tab le  23* fhere 

Is no evidence to ind icate  en increased drying ra te  associated with in­

creased 'blenching time. Although the moisture determ inations made a f te r

TABLB 23. Loss o f ascorbic a d d  and moisture in  
dehydration and storage* of d if fe re n tia l ly -  

blanched lima teams.

Blaaehiag
time

(minutes)

Per cent moisture Ascorbic acid 
(mg./g. dry wt.)

Blanched : Dried : Stored Blanched : Dried : Stored

lo
blanch _ 6.3 6.6 .2*9 .1*2

Steam ( 21*»° *•>

1 71.0 5.5 6.6 •752 • 262 . 17*

3 71.8 5 .* 6.6 . 6*9 .278 .171

5 72.3 5-2 6.2 .505 .277 .166

7 72.6 5-* 5.9 .*92 .283 •173

Water ( 190- 200° f .

1 72. * 5.6 6.5 5 .572 .290 .192

2 75.8 5 .5 6.1 .*9* .263 .15s

3 72.8 5*5 6.1 *503 .2*2 .1*6

♦Stored * months a t 65° t • seeled in a ir .

* months of storage ind icated  th a t Increased time used in  steam and water 

blanching re su lted  in  lower m oisture, the moisture contents following 

dehydration are not consisten t w ith th is  co rre la tio n . The increase in  

moisture content o f dehydrated samples a f te r  storage i s  explained by 

fau lty  sealing  of the cans by the closing machine, re su ltin g  l a  a very 

small hole a t the po in t o f in te rse c tio n  between the side seam and the 

l i d  seem of each can. This was not discovered u n t i l  the samples were
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taken fro® storage fo r  analysis. On the average, b i tc h in g  re su lted  la  

a lower f in a l moisture content than did non-blanching, fhe water-blanched 

beans were somewhat higher in  moisture content a f te r  dehydration than the 

steam-blanched beans.

Increasing the blanching time had a marked e ffe c t ,  as found in  the 

reduced ascorbic acid contents o f the blanched beans, fhe ascorbic acid  

content was decreased progressively  In steam-blanched beans fro® .752 

m illigram s per gras in  the 1-minute blanch to 0.^92 m illigrams per gras 

in  the 7-minute blanch, the decrease in  ascorbic acid re su ltin g  fro® the 

water-blanching was marked in  the 2-minute blanch compared to  the 1-minute 

blanch, but very l i t t l e  d ifference was found between the 2-minute blanch 

and the 3-minute treatm ent, then the beans were d ried , however, the order 

of ascorbic acid contents was reversed fo r the stent-blanched samples, 

fhe beans which had been steam blanched fo r 7 minutes were e lig ib ly  

higher in  ascorbic acid than those which had received the 1, 3, or 3-minute 

blanch, fhe d ried  samples which had received the water-blanching showed 

the same previous order la  favor o f the l-m lnate blanch. That i s ,  beans 

blanched fo r 1 minute in  hot water were s t i l l  higher in  ascorbic acid a t 

the end of dehydration than those which had received the 2 or the 3-minute 

water blanch.

A fter k  months o f storage, a l l  steam-blanched samples had p ra c tic a lly  

the same aseorbie acid content, though a l l  o f these sasples showed a lo ss 

during the storage period . Thao i t  would seem th a t increased blanching 

time in  stems had no advantage whatever from the standpoint o f aseorbie 

acid conservation in  lima beans, processed by dehydration, fhe data show, 

moreover, th a t increasing  the time in  the water blanch re su lted  in  a 

d e f in ite ly  lower ascorbic acid  content. A ctually , the 3-minute water- 

blanched beans had the same ascorbic acid  content a f te r  dehydration and
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storage as did the non~blanched beans. Conversely, the beans which had

received the 1-mimite water blanch had the highest ascorbic acid content 

of a l l  the treatm ents a t the end of the storage period. I t  is  doubtful, 

however, th a t th is  figure was s ig n if ic a n tly  higher then those of the steam- 

blenched beans.

peroxidase determination® were made ia  connection with a l l  blanching 

treatment®. In considering blanching, i t  was important to record the 

e ffec tiveness of the various treatm ents on the destruction  of easyme 

systems in  the beans. In add ition , an attempt was made to  co rre la te  the 

s tm i-fu an tita tiv e  gu&iaeol procedure, a® used w ith apples, end the quan­

t i t a t iv e  assay of Lucas and Bailey (36). f  hough the peroxidase value fo r  

dehydrated, non-blancned boons ( ta b le  2k) was only about one-fourth th a t

fhBXtl 2k . peroxidase determ inations on
blanched, d ried , and sto red  lima bom s.

Blanching i Q ualitative  peroxidase te s t  t Peroxidase values
time 1 -------   ■ .. .............       .■..- ».— — ........ ...... ........ .... ----------

(minutes) : Blanched : Dried : Stored : Blanched : Dried : stored
£ »

Ho blaneh : -  5 pins 5 p lus t -  0*7 2.6
t

8t«w» (aiw° >.)

3 p lus p lus p lus : O.S o.h 0.7
1 p lus mjmiQ minus 1 0 0 0
1 p lus minus minus 1 0 0 0

plus minus minus : 0 0 0

u t o  ( 190-800° t . )

1 : 3 p lus plus plus : 1*9 0*3 o .k
a : p lus minus minus 1 0*2 0 Q
3 : p lus

a
minus minus : 

:
0 0 0

egg. of d -isoascorhlc acid  oxidised w ithin 1 minute in  1 g r m  o f  
ensyme ex trac t a t 0.



of the same sample sto red  fo r H months, the q u a lita tiv e  te s ts  fo r the two 

periods were equally  high. S im ilarly , in  the steam-blanched beans, no 

qualitative value could be obtained fo r those samples blanched fo r  3* 5* 

and 7 minutes, but the q u a lita tiv e  te s t  was p o sitiv e  in  the blanched beans 

in  each ease, fhe c lo sest association  between the two methods was found 

in  the samples which were water-blanched fo r 1 and 2 minutes. Here the 

blanched beans were p o sitiv e  in  both methods, but dried  and sto red  beans 

were p o sitiv e  only when the 1-minute blanch was used in  processing, and 

not in  those beans which were blanched fo r 2 minutes.

fhese re su lts  suggest that the guaiacol te s t  fo r peroxidase a c tiv ity  

was le ss  sensitive  than the q u an tita tiv e  te s t  based on the oxidation of a 

known amount of d-lse&scorble acid. However, the peroxidase te s t  requires 

carefu l in te rp re ta tio n  in  the l ig h t  of the cautions given by Fhaff and 

Joslyn  (33). fhese workers observed hea t-stab le  ca ta ly s ts  in  peas which 

oxidised guaiacol in  the presence of hydrogen peroxide, fhus in  lima 

beans i t  i s  possible  th a t sim ilar compounds e x is t ,  and th e re fo re , th a t 

the p o s itiv e  reactions given by beans which had received extended blanching 

need not necessarily  mean th a t the beans were in su ff ic ie n tly  blanched, fhe 

beans which were given a weak p o sitiv e  ra tin g  showed a co loration  only in  

lo ca lised  areas of the ovary wall; a f te r  dehydration and sto rage, a 

negative te s t  was produced by samples of the same treatm ent. Therefore, 

i t  would seem that steam-blanching fo r  3 minutes, o r water-blenching fo r 

2 minutes would be adequate fo r destruction  of ensyme systems in  lima beans.

Some ind ica tion  of regeneration of the ensyme systems in  d ried  beans 

I s  shown in  the peroxidase value fo r the non-blanebed beans a f te r  k  months 

of s to rag e , when a value of 2.6 was recorded compared to  a value of only 

0 .7  «t the beginning of storage. A sim ilar trend  was ind icated  in  the 

beans which received a 1-minute stems blench. U n til more i s  known about

1 1 6 .1 4 5
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the app lica tion  and lim ita tio n s  of these methods as applied to  lima beans, 

the sign ificance of th is  Increase can hardly bo in te rp re ted .

Moisture and Ascorbic Acid Contents of Dehydrated Lima leans
in  Eolation to Tarious Pre-drying Treatments and Dehydration

Temperatures

fre sh ly  harvested beans were d ried  in  the tunnel dehy&rator using 

varying primary drying temperatures from 170° to  200° ? . Standard drying 

time fo r a l l  trucks o f beans was 6 hours and minutes. The several 

treatm ents and the moisture and ascorbic acid contents of each are 

recorded in  tab le  25* As was found with apples, high primary drying 

tem peratures did not increase the losses of ascorbic acid during the 

drying process. A ctually, dried  beans from the *test«* trucks dehydrated 

a t  190® end 200° f . ia  the primary tunnel were oa the average about 21 

per ce^t higher in  ascorbic acid than those d ried  a t the two lower 

p rin sry  tem peratures. This might mean th a t the humidity end temperature 

conditions p rev a ilin g  la  th is  machine were such th a t more ascorbic a d d  

was oxidised during the slower drying at 170° and ISO0 f . than a t the 

higher temperatures in  the primary tunnel. However, a more d e ta iled  

study of actual temperatures of the beans would be necessary to confirm 

such a statem ent.

The method of bleaching, however, as well as the length  of the 

blanch influenced the f in a l  ascorbic acid content of the beans. There 

was some evidence th a t  the leng th  of the steam blanch had an e ffe c t on 

the f in a l  ascorbic acid  content, bu t not to  the extent th a t was shown in  

the previous blanching study using the cabinet machine. Since ascorbic

♦fhe e tee te  truck , preceded and followed by buffer tru ck s , was run 
fo r each primary temperature used. Standard blanch fo r te s t  trucks -  
5 minutes in  steam.
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7AHLS 25* M oisture and ascorb ic  acid  content o f  
dehydrated l i m a  beana .

*
* Blanch : Primary Ascorbic Ascorbic

F re-b laneh * * tunnel Moisture acid acid
treatm ent* 1 Timm Temp. medium ! t*»p. (p er cea t) (mg./lOO g. (mg./gram

: (min.) : (°y .) wet weight) dry weight)

_ k 21* steam 170 6*63 3^-5 0.*1
— 5 21* steam # 6. *5 36.3 0.39
- 6 21* steam B 6.63 3*. 3 0.37
— 5 21k steam » 6.67 *2.0 o .* 5
_ * 212 w ater ft 5 .9^ 2*. 8 0 .28
.. 6 212 water H *.65 20.0 0.21
— s 212 water s» *.*g 19.3 0.20

co ld , 2 min. 5 21k steam H 6.20 39.0 0.*2
co ld , * mi a . 5 21k steam B 6.52 37.« o .* o
cold , 6 min. 5 2lk steam H 6.37 38. g 0.*1

- 5 21k steam 180 5 . 9* 36.O O.38
— 5 195 water M 5.30 2*. 8 0.26

5 212 water t* *.*1 2k. 0 0.25
180° P . , 30 sec. 5 21* steam II 5.* * *1.5 0.**

cold , 2 min. 5 21* steam ft 5.18 Us. 3 0.51
— 5 21* steam 190 *.g5 *6.8 o .* 9

180°  r . , l  Bin. 5 21* steam M 5.27 *2.8 o .* 5
180° P . . min. 5 21* steam M 5.37 *2.0 0.**

— 5* 212 water ft *.70 2 9 .3 0.32
- 5 21k steam 200 5.05 *5 .8 0.*8

♦Immers ion  in  a 0 , 2  p e r  c e n t  sodium s u l f i t e  s o l u t i o n .
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acid la  w ater-so lub le , bleaching in  water markedly reduced the amount of 

ascorbic a d d  compared to  steam-blanching. Increasing the length  of the 

water-blanch also reduced the f in a l  ascorbic acid content, the pre- 

blanching treatm ent, used prim arily  to extend the storage l i f e  of dehy­

drated  products such as white potatoes and peas, had no measurable 

Influence on the f in a l  ascorbic acid  content of the beans. Although the 

highest ascorbic acid  content was recorded fo r the s u lf ite d  beans dried  

a t  180° F. in  the primary tunnel, the significance of any e ffe c t from 

th is  pre-blanching treatm ent is  questionable.

In  every case, water-blanching resu lted  in  a lower f in a l  moisture 

content than did steam-blanching. When the water-blanoh was increased 

from U to S minutes, the f in a l  moisture content showed a progressive 

decrease from 6.0 to U.5 per cent. fhere  wee no evidence th a t Increasing 

the leng th  of the steam-blanch produced corresponding decreases in  f in a l 

moisture content, likew ise , the pre-blanch treatm ent with sodium s u lf i te  

had no Influence whatever on f in a l  moisture content.

fhe lower moisture content recorded fo r water-blanched beans compared 

to  steam-blanched beans was not in  agreement with the blanching study 

previously  discussed. I t  is  possib le  th a t the advantage of water-blanching 

shows up only under the low humidity, high temperature conditions possible 

in  the tunnel ra th e r than in  the slower drying of the cabinet dehydrater. 

However, when both stud ies are considered, the only statement which can 

be made is  th a t using a water-blaneh compared to a steam-blanch may not 

always re s u lt  in  more rap id  drying of lima beans.

Moisture and Ascorbic Acid in  Fresh lima Beans 
in  E olation to Sieve Sises and Brine Separation

fhe m oisture and ascorbic acid contents of fresh  beans used fo r 

tunnel dehydration described above are reported ( tab le  26), according to
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?AS£i£ 26. Moisture aad ascorbic acid contents 
of fre sh  lim a beans.

Slava
•Isa

( d im e te r  
In inches)

Separation
Whites 

ia  
am ple 

(par seat)

Moisture 
(par eaat)

Ascorbic 
acid 

(mg./100 g r. 
s a t  weight)

Ascorbic 
acid 

(ag./lOO g r. 
dry weight)

22/ nona 2 83.2 33.5 1.98

« flo a te rs 1 78.6 36.6 1.71

28/ 6k-2* /6fc aona ** 79.8 2?.« 1.38

« » f lo a te rs 1 7 5 3 29.7 1.23

28/6H-30/6H m m 2 77-* 26.5 1.17

« ft f lo a te ra I T3.2 25.8 l.O**

ft « sinkers 2 70.0 2*1.3 0.81

3o/6**-3**/6*i aoae 3 71.H 22.7 0.79
« * f lo a te rs * 72*0 22.7 0.81

* « sinkers 3 66.** 20.6 0.61

3H/6it aoaa 6 67.9 20.H

« flo a te rs *1 67.7 22.2 O.69

ti •lak e rs 7 61. s 15.0 O.39

a l l  s i te s whites - 60.5 9.6 0.2*1

a l l  s ls a s greens - 71.2 27.0 0.9*1
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sieve s izes  aad brine separation within sieve s izes . Inch sieve size  

was separated into «floatere aad sinkers* la  a 15 per cent ( 6© degrees 

Salome ter) 'brine, sad the percentage of white he was In each of the above 

classes was determined by actual count. As the sieve size  was increased, 

the nets tare coateat decreased progressively from S3 to 6$ per cent, fhe 

floaters showed an inconsistent relation  to non-separated beans in  res­

pect to moisture content, but the sinkers were lower in  moisture content 

than floaters or non-separated lo ts  in every ease where sinkers were 

obtained. Comparison of white herns to green beans o f a l l  s izes  showed 

that whites were sign ifican tly  lower in moisture than green beans.

fhe ascorbic acid content of the non-separated beans showed a 

progressive decrease from 1.98  to G.I& milligrams per gram as sieve size  

Increased. As was shown in moisture contents, floaters were Inconsistent 

in  ascorbic acid content compered to non-separated beans. In the smaller 

sized beans, floaters were lower in ascorbic acid than non-separated 

beans, but in the larger s iz e s , floaters showed a s lig h tly  higher ascor­

bic acid content. Sinkers were in a ll  cases the lowest in ascorbic acid 

within each sieve size  group, as would be expected fro® the high percent­

age of white beans which were counted in  th is  separation. It is  

interesting to note that when a l l  s izes  were considered, the green beans 

were nearly three times higher in ascorbic acid than the white beans.

I t  would seem from these data that where quality packs o f lima beans are 

desired ia  the food processing industry, separation by brine flo ta tion  

might provide a method of eliminating over-mature beans (sinkers) within 

respective sieve s iz e s , fhe hard whites and the beans of lower ascorbic 

acid content would sink, whereas the greens, which are shown to be 

sign ifican tly  higher ia  ascorbic acid, would flo a t.



E d it io n  o f Sieve s iz e  to the Loss of Ascorbic Acid 
in  Dehydration and Storage of Line leans

After separation into sieve s lse s  and blanching for $ minutes in  

steam, the various groups of beans were spread out for removal o f a l l  

shriveled white beans before weighing on trays at the rate of 1.25 pounds 

per square foot. fhe beans were dehydrated in the cabinet naehine for 

S | hours at 190° f .  followed by 5-3/** hours at l6o° F. Dehydrated beans 

were thoroughly aired , sealed in  Ho. 1 tin  cans in a ir , and stored at 

65® F. for k  aonths.

fhe e ffe c ts  o f dehydration and storage on noisture and ascorbic 

acid contents of the four sieve s isee  compared to the noa-eieved beens 

are shown i s  table 27. As would be expected from previous work, the 

smaller fresh beans were higher in moisture than the larger beans or the 

sample which consisted of a l l  s ls e s . fhe non-sieved beans appeared 

unusually low in moisture contest, but a second smaple in duplicate con­

firmed th is figure, fhe dehydrated beans showed the seme order of moisture 

oontent as was found i s  the fresh beans; that I s , the smallest beans dried 

down to 6.0 per cent moisture, whereas the largest beans dried down to 

5 .3  F*r cent, fhe son-sieved sample had a moisture content o f 6 .2  per 

cent after dehydration, or higher than any of the sieved beans.

fhe aseorbie acid contents of the fresh, blanched, and dried beans 

were inverse to the aise of the beans, th is  relationship of ascorbic acid 

and sieve size  held for each series of determinations made in th is study, 

fhe ascorbic acid contents o f the son-sieved beans were intermediate 

between those of the Ho. 2 and the Ho. 3 beans in  each ease.

fhe percentage losses o f ascorbic acid due to blanching, dehydration, 

and storage are calculated for each sieve size group and the non-sleved 

beans, fhe losses due to blanching in relation  to bean size  are d iff ic u lt



TABLS 27* Loss o f ascorbic acid and mo i  sture in  
dehydration and storage o f lima beans as 

a ffected  by sieve s ig e  o f  beans.

Sieve
e lse

Per cent moisture Ascorbic acid 
(aag./ g ras , dry weight)

Ascorbic acid  
(p er cent le ss)

Fresh Blanched Dried Stored
k  so .

Fresh Blanched Dried Stored 
^ mo.

In
blanching

In
drying

In
storage

Total

1 72-3 72.6 6.0 6.0 • 937 . t k Z • 359 .285 31.5 30.2 7-9 69.6

2 63.2 71.7 5.7 5.8 .662 • 509 • 33^ .212 23.2 26.6 18.1 68 .0

3 6 1 .5 61. U 5.6 .U91
1

.300 .2U3 .136 3*. 9 11.6 21.9 72. %
k 61 .0 - 5.3 5.3 • 372 - . 23s .15S - 36.2* 21.3 57-5

a l l
s ls e s 60.5 62.7 6.2 5.9 .617 •333 . 25H .16$ H6.1 12. s 13*9 72.8

•Includes lo ss  in  blanching plus dehydration.



107

to interpret on a basis o f the thro# figure# given, except to note that 

the percentage leasee were extremely variable. I© determination was mate 

of blanching Ices ia  the He. k  be ana due to in su ffic ien t quantities o f  

th is alee being available for sampling. In dehydration, however, i t  

seems safe to assume oa the basis o f determinations for three sieve s ise s  

that smaller beans lo st more oa a percentage basis than did the large 

beans, th is  situation  is  reversed in  the storage period, when the larger 

beans showed a greater lo ss  o f ascorbic acid than the smaller beans, 

fhough additional work would be necessary to confirm the data reported 

here, i t  i s  surmised that the smaller beans lo st higher percentages of 

ascorbic acid in  blanching and drying compared to the losses in  larger 

beans, but the smaller beans had a higher retention o f ascorbic acid in  

the storage period compared to the larger beans.

though the small beans lo s t  a to ta l o f about JO per cent of In it ia l

ascorbic acid, the two small s ise s  s t i l l  contained from Uo to 100 per

cent more aseorbie acid than the two larger s lse s . thus from the view­

point o f ascorbic acid content, the small beans maintained precedence 

nutritionally  over the large beans throughout the processing and storage.

DISCU3SI05

A c r it ic a l analysis of fresh lima beans brought out the var iab ility  

of the beans as they came from the f ie ld . I t  was realised that the 

commercial operator would not brine-separate fresh lima beans and dehy­

drate only part of the crop, but th is work did Illu stra te  the p o ss ib ility  

of a high quality pack from part of a crop whether that pack be processed 

by dehydration, canning, or freesing, fhe great var iab ility  in moisture 

and ascorbic acid In beans segregated by brine separation of the various 

sieve s lse s  further showed the tremendous differences in quality involved
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la  fresh  lima 'beans, When the beans were separated la te  two categories, 

i t  le  in terestin g  to note that green beans were three times as high in  

aseorbie acid as white beans on © wet weight b a s is , and nearly four times 

as high on a dry weight b a sis .

General lo sse s  o f ascorbic acid in  lima beans were rather high in  

blanching, dehydration, and storage, when compared to the minium® lo sses  

that were obtained in ta® apple work. Thus i t  becomes important to 

minimise the lo sses  o f ascorbic acid ia  the dehydration and storage of 

lima beans to reta in  as such as p ossib le  o f the high vitamin quality  

o rig in a lly  present ia  th is  product.

fhe study of the influence o f blanching on subsequent lo sse s  of 

ascorbic acid la  dehydration and storage revealed unusually high oxidation  

of ascorbic sold  in  sp ite  of any blanching e f fe c t s ,  fnus i t  i s  imperative 

that blanching be in te ll ig e n t ly  used. I f  ascorbic acid is  a measure o f  

q u a lity , as suggested by fr e s s le r  (6H) and f itsg e r a ld  (27), then l i t t l e  

was gained by increasing the steem-blanch beyond 1 minute, for at the end 

o f % months of storage, a l l  d iffe r e n t ia lly  steaa«blanehed samples were 

nearly the same in ascorbic acid content. On the other hand, much was 

l e s t  by increasing the time in  the water-blaneh beyond 1 minute, since  

ascorbic acid was thereby markedly reduced, and th is e f fe c t  was evident 

after  k months of storage. However, i t  must be noted that blanching of  

some type was necessary, since tue non-blsnehed beans were s ig n if ic c n tly  

lower In ascorbic acid in  each se t  o f determinations.

Since perhaps the major fundamental purpose o f blanching vegetables  

has been to destroy ensyme systems naturally occurring in  the fresh  crop, 

the study o f enzyme a c tiv ity  in  blanched samples was of in te r e st . Accord* 

la g  to the peroxidase determinations, nothing was gained by blanching in  

water more than 2 minutes, or by blanching in  s te m  more than 5 minutes.
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fhe application of th is  information , however, i t  dependent en tire ly  upon 

the resultant storage l i f t  of the product at determined by ascorbic acid, 

by organoleptic methods, or by whatever yardstick i t  to be adopted to 

measure quality in dehydrated lima beans. For example, in  the steam- 

blanched group, i f  the 1-minute blanch resulted in the retention of 

quality equal to the 3-slnute treatment, then the 1-ainute blanch was 

su ffic ien t despite the fact that th is treatment did not produce a negative 

peroxidase test in the blanched beans. As already pointed out, the steam- 

blenched samples a l l  reached the same ascorbic acid content after k  months 

of storage. Judging from th is storage information, then, a 1-minute steam- 

blanch was su ffic ien t, and longer periods of blanching in stems were 

unnecessary, unless a longer storage period would change the resu lts in  

favor of the longer blanch. Considering both the ascorbic acid and 

peroxidase determinations on water—blanched beans, blanching more than 

1 minute was excessive. A more detailed investigation of ensyme a ctiv ity  

associated with length of storage l i f e  as well as with storage quality is  

necessary, however, to be able to predict with more reasonable assurance 

the time necessary in steam or water-blanching.

fu rth er, a measure o f q u ality  in  dehydrated lima beans must be stand­

ardised. Kramer { 30) suggested that a n on -sp ecific  reaction involving  

several substances in  the product might show a c lo ser  correlation  with 

q uality  in  fresh , frozen, and canned lima beans than a sp e c if ic  reaction  

such as the ascorbic acid  determination, I© further stated  that semi- 

quantitative peroxidase determinations were unsuitable as q u ality  ind ices  

for the above-mentioned packs of beans. Whether or not these suggestions 

can be applied to dehydrated lima beans i s  not known.

fhe problem in dehydration ©f lima beans, then, i s  to blanch suf­

f ic ie n tly  to Insure keeping quality ia  subsequent storage, but to avoid
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overblanching which resu lts ia  excessive losses of ascorbic acid aad 

other nutrients.

SUMMARY AID COHCLUSIOHS

1. Variability ia  moisture coateat o f dehydrated lima beans was 

studied by screening ground-up beans into mesa s ise s  from 20 to 100 mesh. 

Least variab ility  la  moisture content was found la  the material held on 

tbs *40 mesh screen, aad th is size  was adopted as standard for a ll  deter­

minations made on dehydrated beans. Ascorbic acid was found to vary 

directly  with mesh size  of the p artic les .

2. To study the influence of blanching on ascorbic acid content, 

beans were d ifferen tia lly  blanched in steam aad hot water, dehydrated la  

the cabinet denydrator, and stored for *4 months at 65° f .  Ho advantage 

was gained by blanching more than 1 minute in steam, and considerable 

ascorbic acid was lo s t  by blanching more than 1 minute in  hot water. 

Quantitative aad qualitative peroxidase te s ts  oa the blanched and dried 

beans, though not in complete agreement, indicated that o f the blanching 

times used, 3 minutes in steam and 2 minutes in  water was necessary to  

destroy the ensyme systems of lima beans. Thus the blanching time 

necessary for maximum retention of ascorbic acid was not the same as the 

time necessary for destruction of peroxidase* Evidence for regeneration 

o f the enzyme during storage was presented in the quantitative peroxidase 

t e s t s , but further work i s  necessary to confirm th is  as well as to 

correlate ensyme a c tiv ity  and loss of quality in storage of dehydrated 

lima beans.

3« Tunnel dehydration of lima beans, with primary temperatures 

ranging from 170° to 200° f . , indicated that no greater loss o f ascorbic 

acid occurred with high primary drying temperatures than with lower
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temperatures. Water-blenching resulted In a  lower ascorbic acid content 

of the beans, and th is  reduction was accentuated by increasing the tine  

In the water-bisaeh. Water-blanching also resulted in a lower fin a l  

moisture content, but this was exhibited only in tunnel-dehydrated beans, 

there was some evidence for reduced ascorbic acid content in the dried 

beans correlated with Increased time la  the steam-blanch, but th is was 

not shown as clearly  as in  the blenching work with the cabinet dehydrator.

A pre-blanching treatment, consisting o f immersion in a 0 .2  per cent sodium 

su lf ite  solution, had no measurable influence on either fin a l moisture or 

ascorbic acid contents.

k ,  la r ly  Baby Potato lima beans were graded into fire  sieve s lse s  

and further separated by brine flo ta tion  in a 15 per cent sa lt  solution. 

Moisture and ascorbic acid determinations, made on each group, showed that 

sinkers were invariably lower ia  moisture and ascorbic acid content than 

floaters or non-separated beans In each sieve e lse  group, floa ters were 

inconsistent in  moisture and ascorbic acid in relation to non-separated 

beans. The ascorbic acid and moisture content of the beans was Inversely 

proportional to a sieve s ize .

5 . To study the e ffect of sieve e lse  on the lo ss  o f ascorbic acid in

dehydration and storage of lima beans, four sieve sizes were dried in the

cabinet machine aad stored for k  months at 65® f .  Small fresh beans were

higher in  moisture and ascorbic acid content than the large beans, and

th is relationship was maintained through blanching, dehydration, and

storage, evidence i s  presented to show that to ta l losses of ascorbic acid

ia  each sieve else was high ia  each case, and that the largest sized beans

were lower in percentage lo ss  cospared to the three smaller sieve s ices .

Ho a t t e s t  i s  made to draw a d efin ite  conclusion in th is respect without 

further work. After dehydration and storage, the Ho. 1 sieve size  beans

were s t i l l  nearly 100 per cent higher in ascorbic acid than the Ho. H 

sieve s ize .
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fABLl 2S. Iiosfi o f  moisture sad ascorbic acid during 
dci'iy&ration of st^m an  fine  sap apples under varying 

conditions of temperature and humidity.

High humidity * Low humidity

Hours
d r ie d M oisture 

(per cent)

P er cent 
of i n i t i a l  
m oisture 
removed

Ascorbic 
ac id  

(mg./lOO g. 
dry Wt. )

Ascorbic j 
ac id  : 

(p er cent 
loss)

M oisture
(per cent)

Per cent 
o f  i n i t i a l  
moisture 
removed

Ascorbic 
acid 

(»g. /100 g. 
dry wt.)

Ascorbic 
acid 

(per cent 
loss)

0 m - s 10.7

Dried f t  165° 3f.»

: 86.3 13.0
1 8 2 .U 23.0 13.2 ** 77*3 U5.7 13*7 -

2.5 70. 6l.O 9*6 10.0 : 59.8 76.3 11.6 11.0
k 39-1 89.5 5*1 52*3 : 28.1 93-8 7 .2 *A.3
5 12.0 97.8 h.6 57.3 8.8 98.5 6 .6 U9.2

0 86.1 11.8

Dried a t 175° -  16*5° JP.

: 86.9 13.7
1 79.6 36.S 11.2 5.1 76. b 50.6 12.1 12.2
2.5 59.6 76.1 6.H h$.h : S5.2 10. k 2*4.2
k 23. k 95.1 3.6 69.1 17.9 96.7 9-9 28.3
H.5 10.2 98.2 3.6 &9.1 : U .2 98.1 10.0 27*2

0 86.6 11.8

p ried  a t 19c>°- 165° y. 

86. U l t i . i
1 76.9 H6.0 9 .2 21. H 81.3 31.H 13*7 2.8
3.5 53*? 81.6 *4.6 61.2 51.1 S3.5 7*1 *49.5
*4 21.2 95.7 3*3 7?.H 9*7 98.3 5*0 6UA
*4.5 9*6 98.3 2 .2 81. 5 9*3 98.4 5*0 m.k

♦Drying teinperetures in d ica te  lev e l held in  primary drying followed by f in ish in g  temperature o f 165° ?.
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fABxiL 29. Loss o f  moisture sad ascorbic acid during 
dehydration o f fork Imperial apples under varying 

conditions o f temperature and humidity*

Hours
dried

High humidity Low humidity

lioistur©  
(per cent)

Per cent 
o f  i n i t i a l  

moisture 
removed

Ascorbic
acid

(m g./100 g . 
dry w t.)

Ascorbic 
acid  

(per cent 
lo ss )

Moisture 
(per eent)

Per cent 
o f i n i t i a l  
moisture 

removed

Ascorbic 
acid  

(mg./100 g . 
dry wt.

Ascorbic 
acid  

(per cent 
lo ss )

Dried at IH50-  1650 F.e

0 S5.7 17.1 — 85*H 17.8 mm

1 82,5 21.7 19.** - s o . 6 28.7 20.7 —

2.5 7M 51.8 17.6 - 65.7 67.3 17*5 1*9
U Ho.9 88.5 9.5 HH.7 38.8 89.2 12.3 31*2
5 17.1 9 6 .6 8 .6 50.0 1 2 .6 97-5 S.6 52*9

Dried at 175° -  1650 f .

0 86 .0 17.8 mm 85. S 16.9
1 80.2 3H.1 17*7 o.H 75*7 Us. 5 16. k 3*9
2.5 6 S .7 6H.2 1 6 .2 5*H 50.2 83.3 1H.5 1H.6
k 26. s 9 6 .0 7*5 57.2 1 3 .8 97 -H 12.6 2 5 .0

12.2 97.7 3 .6 so .o 9*8 98.2 1 2 .9 2U.H

Dried at igo°- l 6$° F.

0 86 .0 17.8 86.1 _ 18.8
1 81.0 30.2 15*7 11. S 77.? H5.7 19.3
2.5 56.2 80. 7 9*8 H5.2 52*6 8 2 .I 10.7 ^2.7
k 22.1 95*** 6 . 2 6 5 . H 18.0 96.5 7*o 6 2 .6
**.5 9*7 9S.2 5*5 68.9 10 .1 98.2 7.G 6 2 .6

♦Drying temperatures in d ica te  le v e l  held in  primary drying followed by f in ish in g  temperature o f  165° J ,
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TASLB 30. Chemical changes in  dehydrated York Imperial 
apples stored for one year ( 19^3)*

Months
in

storage

; Moistmr© 
| (per 

cent)

* * f itr e ta b le  
: pH 1 a c id ity  
: 1 (®1 . 0.1  If
j ; iaOH)

Ascorbic acid I Sugar content (as per cent o f  dry wt.)

og./lOO g. ;
dry wt. ;

•

per cent 
lo ss

1 Seducing : 
* sugars j

Non-reducing 
sugars

J fo ta l
; sugars 
*

Gold storage

0 16.5 3.69 6. 1* 15.6 - 1*7.5 23.7 71.2
1 15.9 3-72 6 . 1* 15.5 0 .7 1*7 . s 23.$ 71.6
2 16.6 3.75 6.3 15.3 1.6 ^7.9 2h.O 71.9
3 l 6 . 1* 3.50 6.3 ll*.S 1*.S 50.5 21. S 72.3
U 16.5 3.36 6.3 ii*.5 6-9 52.7 IS. 9 71.6
5 16. H 3. 3s 6. 1* 11*. 2 8.6 52.9 1S.1* 71.3
6 15.6 3. 5^ b.H 13. 1* ll* .l 53.1 16.0 71.1

12 16.2 3.33 6.5 10.0 35.7 x 5 M 16.7 71.6

Common Storage

0 16.5 3.69 6. 1* 15.6 1*7.5 23.7 71.2
1 16.3 3.62 b.Q ik.S 1*.S ^7.3 2**.U 71.7
2 16.0 3.0* 5.9 11.1 29.0 U8.8 22.6 71.1*
3 15.9 3.53 6.3 6. 1* 5S.9 50-7 20.9 71.6
1* li*. 9 3 ^ 5 6.6 0.6 57.7 ■51.5 IS. 6 70.1
5 16. H 3*^0 6.7 3-9 75*0 5 ^ 5 16. s 71.3
6 15. s 3.55 6.6 U.2 73-0 5H.6 13.3 69.9

12 16.2 3.32 6.0 3.6 77.0 56.8 11*. g 71.6

j



TARLS 31. Chemical changes in dehydrated Rome Beauty apples
s to r e d  fo r  one year ( 19*3)*

Months * Moisture * 5 T it r a t able
in i (p»r  : pH * ac id ity  j —

storage cent) ' * (ml. 0 .1  S *
• • 

s •
; HaOR) ;

Ascorbic acid Sugar content (as per cent o f dry wt.)

ag./lOO g. ’ Per cent 
dry wt. | loss

Reducing
sugars

Hon-reducing * Total 
sugars * sugars

Gold Storage

0 18.0 3 . 6** 6.2 10.3 - 53*2 18.*
I i s . 5 3.61 6.2 9.6 6.9 53*5 17.9
2 18.$ 3-55 6.9 9 .2 10.2 53*8 17.2
3 i s .  5 3.58 6 .H 9*3 9.5 5**5 15.6
k 19.1 3*37 6.2 9*1 10.9 5*.* 15 . 8
5 19.3 3.38 6.2 9*3 9*5 5**3 17*3
6 18.8 3.3** 6.0 9*1 10.9 5*. 2 13.3

12 18.3 3*3* 6.2 6.1 *0 .* 57.0 12. S

Common storage

0 1S.0 3 . 6* 6.2 10.3 - 53*2 18,*
1 18.5 3.61 6.6 9.1 10.9 53*5 17*7
2 IS . 9 3.55 7.0 S.* is .  3 5**5 16.7
3 IS. 2 3.58 6.7 6.5 36.9 56.2 13.0
* i s . 7 3*35 6.3 6.2 *0.1 57*8 12.3
5 18.9 3*33 6.8 5.2 *9.5 59*2 12.0
6 13.* 3* 33 6.0 *.S 52. 8 59.6 8.6

12 1S.0 3.36 5.* 5*1 50.1 60.0 9*5

71.6
71.*
71.0
70.1
70.2 
71.6
67.5
69. 5

71.6
71.2
71.2
69.2
70.1
71.2
68.2 
69.5



fABLB 32. Chemical changes in  dehydrated Ben B aris  ap p les
s to r e d  fo r  one year  ( 19*43) .

Months M oisture \ 
(per pH

’f i t r a ts h le  
* ac id ity

Ascorbic acid *
in

sg./lOO g. .storage cent) !(s#l. 0*1 M Per cent '
! laDH) dry wt.

*
lo ss

Sugar content (as per cent o f  dry wt.)

Seducing
sugars

Bon-reducing 
sugars

f e ta l
sugars

Gold Storage

0 12.J 3.70 6.0 16.6 US. 9 19.3
1 12.7 3.65 6.** 16.0 3.5 US.l 20.U
2 1?.9 3.65 6.5 15. S U.7 50.0 19-3
3 12. U 3*56 6.0 15.2 8.7 51.6 16.9
¥ 12.2 3.U5 6.2 15.3 8.2 52. u 16.2
5 1 2.6 3.H7 6.H 13-7 17. U 56.1 12.1
6 12. 8 3.37 6.0 12.8 22.8 56.2 1U.U

12 12.5 3.^5 5.^ 12.9 22.3 36.3 12.5

Common Storage

0 12.J 3-70 6.0 16.6 » US.9 19.3
1 IP. 5 3. 6s 6.3 13-5 i s . 9 US.9 21.9
2 11. s 3.65 6.5 11.8 28. S U9.I 20.9
3 13.3 3*65 6.0 9.7 *41.7 52. u IS. 7
i 12.7 3-^7 6.1 9.U H3.5 53.6 15.U
5 13.5 3.^7 5.9 6.1 63.2 55.5 13.u
6 13.0 3.U1 6.0 6.1 63.2 51.5 12.0

12 12.U 3*^5 5-5 *4.6 72.5 5U.8 13.u

68.2
68.5
69.3
68.5 
6s. 6 
6s. 2
70.6 
68. 8

68.2
70.8
70.0
71.1
69.0
68.9
63.5
68.2



fABLl 33. GGueiaical changes in  dehydrated St ay® an Wines ap
apples stored for one year ( 19^3)•

Months
in

storage

Moisture
(per

cent)
pH

f it r e ta b le  J
4 rl i  tv 1 —

Ascorbic acid i Sugar content (as per cent o f  dry wt.)

(ml. 0 .1  i-i : 
HeoH) :

mg./lOO g. Per cent 
dry wt. lo ss

Hedv.cing : 
: sugars :

Son-reducing ; 
sugars

Total
sugars

0 \r> p» Storage

0 15.5 3.60 6 .7 11.7 — 5r>.9 18.1 69.O
1 15 3.50 b .l 10.9 6.3 51.5 17.5 69.0
2 15.^ 3.U2 7.0 10. U 10.7 50.6 17.9 68.5
3 15.5 3.**3 6.7 9 .7 16.7 2 IS. 2 68. k
h 15-3 3-28 6.7 9.9 1U.9 50.3 19.1 69. H
5 13.3 3-29 6.H s . k 28.2 50.7 16.3 67.0
6 15-1 3.2H 6.5 S.3 28. S 5 ^ 0 13.6 67.6

12 lb . 7 3.30 6.2 S.5 26.9 53-* I k . 8 68.7

Common Storage

0 15-5 3.60 6.7 11.7 _ $ . 9 18.1 69.0
1 lp .2 3.52 6 .H 9.6 17.9 1 * 9 . 5 18.9 6s.it
2 1V.9 7 .0 T o 35.5 50. 17.6 63 .0
3 15.2 3 ^ 7 6.5 6 . i i ]45. f 51.9 16.1 68.0
u 15.7 3.30 6.2 h . o 65.9 5d .l i K k 68.5
5 1U.9 3.3^ 6.6 3-3 72.1 5^.6 13.2 66.8
6 lb .0 3 . p 6.U 2.9 75.9 5^.5 13.6 68.1

12 15.2 3-32 5.U 2.7 76.7 51,3 12.0 66.3



TABU 3^. ?arlaaoe analysis o f ©uaulative losses 
o f sulfurous acid in  dehydrated Stays21a Wineeap 

apples sto red  fo r 2J0 days a t S30 f . and }}0 f .  
(Sea Table 7}

Source of 
v a ria tio n

degrees of 
freedoa

Kean
square I

* Treats eats 3 l6,Q8k k . k s

Tesper.ature l k y t B83

E rror (a) 3 3 .5&

Storage in te rv a ls 2 8 M l 11. 72**

In tarac tio n s:

In te rv a ls  x  teap. 2 2£S

In terv a ls  x  t r e a t . 6 **1

lee id u e l e rro r 6 ?22

Total 23

♦S ign ifican t a t odds g rea te r than 19:1 

♦ •S ign ifican t a t odds g rea te r than 99:1
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fABLS 35. Tarieace analysis of ctt»ulative losses 
o f ascorbic acid  la  dehydrated Staynsn Winesep 

apples sto red  fo r  270 days a t 65° and 33® f . 
(See fab le  0)

Source e f  
v a ria tio n

Degrees e f  
freedom

Mean
square f

treatm ents 3 3. 7^« **©.&>*

fenper&ture l 0 .2*10 2.60

E rro r (a) 3 0.0S2

Storage in te rv a le 2 1. 61*0 29.*&*

In te rac tio n s :

In terva le  x temp. 2 0 . 1*9

In te rva le  x t r e a t . 0 .02?

Eesidual e rro r 6 0.055

f e ta l 23

♦S ignifican t a t odde g re a te r  than 99:1



$ABL£ 36. Sugar and s ta red  content o f dehydrated Staynaa Winesep 
spplcs sto red  a t 100° F. sealed la  a ir

leys
sto red

Reducing goa-reducing fo ta l
sugar sugar sugar

(Repressed as per cent of dry weight)

Starch

m i  m
0
r

n
to

t
90

l to
130
200
2?0

lot 121
0
7

I k
20

£
90

120
130
too
270

M L lg f
0
7

l l
20

6
90

120
130
200

t e u a0
7

l l  
20 
56£

90
120
150
200
270

let ltl

81T ?0
i s .  7
l s .1
30.0 
I9 .9
50.1 
5 I.8  
51.7 
59*5 
63.5

50.2 
>19.8
I 9 . I  
IS. 9 
19.?  
31.0 
51*3 
53*5 
55.0
60.2
65.3

15 .1  
IS. 7 
13-7 
IS. 7 
50-9
50.8
89.9
52.1 
51*2 
57*1
63.7

50.1
51.0 
50.6 
l s .0 
19. k
17.5
19.6
51.3 
5**3
55.0
58.3

50.1 
l s .1  
IS. 2
50.6 
89.O
ke.g

22.0
20.?
16.7
16.5 
16. &
11.6

5.1 
l .S
1.1 
7.2 
6.7

20*8
21*6
23.1
19.0
i l a
12.5
9*0
9.1
5*X

2:2

18.2
19.0 
lg .3
18.0 
15-3 
15-5
U .6
12.H

8.2
12.7

5-5

18.5 
17. H 
17.9 
18.2

12.7 
11.0
8.9
6.0

ll*.2
10.7

20.1
16.8 
15.3
13.1

72.8
70.0

w l  
66.6 
61*. 5
58.5 
59-6
59.1
66.7
70.1

71.0 
71. H
72.5
67.9
63.8
63.5
60.3
62.6
60.1 
69.U
71.7

66.6
§7-7
68.0
66.7
66.2
66.3
61.3
6>*.5 
59-1* 
69.s
69.2

68.9
68.4
68.5
66.2 
67.3
60.5
60.6
60.2
60.3
69.2
69.0

70.2 
6 M

1.65

1.56

i.>t6
1.3H

1.67

1.60

1.51
l.W*

1.62

1.57

1.51
1.U3

1.59

S1.3
9%.U

I.52

1.16
l . l l

1.15

1.12 
1 .17
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TABLE 37. R econstitu tion  of defcfirdratea Rome 
Beauty applet dried  a t in te rv a ls  

during storage.

Time : Per cent o f i n i t i a l  moisture recovered

, TBt! r \  1 Dried 10/ 29/>*3 i Dried 12/ 6/ 1*3 1 Dried 3/l/l*l* | c rie d  6/I3/66 
(minutes) t ____________  <_____ : _______  ; __

0 1.13 1.21 1.66 2.07

20 i s .6 i
♦

16.16 20.72 18.06

Uo 23.06
*

20.8H 27.1*0 23.68

60 29*66
•

s 26.02 32.17 28-38

90 33*3*1 27*3®
•

35*9®
I

32.16

100 37.02 ! 30.19
»

39.®l 36.01
r

120 1*0.15 i 32-99 
*

[

H2.66
s

35*89
1

•tem perature o f  e a te r  -  23® C.



)S. a e e o a tti tu tio n  o f dehydrated Stsymaa 
flnesap apples d ried  a t In terval#  

daring a torage.

fin e
In

water*

Par eeat o f i n i t i a l  so la ta re  recovered

(n isa teg ) ; ®rl# d  3XO/X25/H3 s Dried U / z / k j  I Dried 2/ 29/NN : Dried 6/ 1H/J&

0

a)

No

60

so

100

120

2.N1

26.15

36.1$

N5 . 3*

51.03

55.32

56.90

I.5N 

21.30 

27.5N 

30.66 

3*. 82 

38.9# 

Hi. 06

2.50 

25.29 

33-26 

1)0.10

*3-52

*16.96

50.35

2-99

26.38

30-33
36.27

61.02

63.60

66.96

* S « ip .re tu r. o f tre t .r  -  25® 0.
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