FACTORS IN DEERYDRATION AND SUBSEQUENT STORAGE
OF APPLES AND LIMA BEANS ASSOCIATED WITH
' RETENTION OF ASCORBIC ACID

>
N
Arthur H° Thompson
te o

Thesis submitted to the Paculty of the Graduate Sehool
’ of the University of Marylend im partisl
fulfillment of the requirements for the
degree of Doctor of Philosoply

1945



UMI Number: DP71144

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing

UMI DP71144
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



TABLE OF CONTENTS

Iwmwm!m . . L] - . . L] L] L4 . . L L] .

PAR? J. DEHYDRATION OF APPLES . . . . . . . .

REVIEW OF LITERATURE . . . . . . . .

MATERIALS AND METHODS . . . . . .

. . r o s »

Denydration Equipment snd Procedure . . . .

Analytieal Procedure
EESUL% L] . L] - - * L ] . -

* e e e o

.

s s o

Effects of Temperature and Humidity ia
Dehydration on Ascorbic Acid and Moisture Content.

Effect of Storege Temperature on Dehydrated Apples.

Factors Involved in the Sulfuring of Apples . . .

Effect of Ripeness of Fresh Apples on Quality,
Yield, and Reconstitution of Dehydrated Apples ..

BI Sws slox . . L d . L] » . L] * L4 .

SUMMARY AND CONCLUSIORS .
PART II. DEEYLRATION OF LIMA BEANS .
REVIEW OF LITERATURE . . .
AWBIALS AND METHODS . .

usgms s e & o o * s . ¢« o & o

Standardization of Kethods

.

.

Effect of Blanching on the Loss
in Dehydration and Storage of Limas Beans . . . .

. " s e s 0

e ¢ o + 8 o .

of Ascorbie

[ * *

. o .

Acid

Moisture and Ascorbic Acid Comtents of Dehydrsted
Iims Besns in Relatieon to Vsrious Pre-drying

Trestments and Dehydrstion Temperstures , .

. .

Moisture and Ascorbie Acid in Fresh Lims Beans
in Relation to Sieve Sizes end Brine Separstion.

116445

Page

1
11
16
21

2l

3
62

10
76
88
92
91
9
92
92

95

100

lo2



Reletion of Sieve Size to the Loss of Ascorbie
Acid in Dehydirstion and Storsge of Lims Beans

DISCUSSION. . . . . . . « .
SUMMARY AND CONCIUSIONS . . .
LITERAZURE CITED. . « . ¢« ¢ v o ¢ o o o @
APPENEDIK. . . . & ¢« ¢ v o o o o o 0 o o s

® & 0+ & 4 s e e+

*® » e e = 2 s e .

Ld . . . L * . . -

s ¢ & ¢ & o s s @

i1

Page
105

107

12
17



Pable

10

11

12

13

LIST OF TABLES

Relative humidity prevailing in the cabinet dehydrator
during dehydration st differentiszl temperaztures and two

humidity levels in the primsry drying period. . . . . . . .

Molsture snd ascorbic acid content of debydrated Stzyman
Winessp spples dried under varying conditlons of tem.

perature and drying time in the tunnel dehydrator.. . . . .

Summery of ascorbdic acid loss in the dehydration end
storage of York Imperisl, Ben Davis, staynan Wina:ap,

and Rome Besuty spples. . . . . . . . . . . “ e e a s e

Prestments used for dehy&razod Steymen Winessp applos

stored at 100° . (1948). . . ., . . . . 40 et o0 .

Analysis of dehydrated Steyman Winessp apples stored

at 33° F. sesled in eir. (Stored Jamuary 20, 19h4W) . . ., .

Analyais of dehydrated Staymsn Winesap spples stored at
65° F. sealed in alr. (Stored Jamuury 20, 19hh). . .

Cumulative losses of sulfurous acid, shown by anslysis

st intervals during storege, in denhydrated Steymsn Vinessp

epples ss affected by storsge temperature snd trectiments
gt the time of deiydrstion. . . . « . . . . . v+ .. . .

Cumulstive leosses of ascorbic scld, shown by analysis ot
intervals during storsge, in dehydrated Steyman Winesap
epples as affected by storsge temperature aznd treatments

at the time 0 f &.hy‘uatien' . . L] . L] - » » L] . . - L] . L] L

Ascorbic acid content, expressed as mg. per 100 grams of
ary veight of &ehydrated Stayman ¥inesep eprles stored

et 100° P. (Stored Jamusry 20, 19¥4) . . . . . . . . . . .

Sulfurous acid content, expressed as parts per milliun,
of dehydrated Staymen Winessp epples stored st 100° F.

( Sﬁet‘d quary 20 19“) 1 ] * . . . * . L4 . L] L d . L] . L] L] -

Sugar end sterch content of denydrated Staymsn Winessp
spples sesled in alr and stored for 270 dsys st 100° ¥.

Averages of lots 120, 121, 122, and 123 compared to lot 124

Effect of carbon dioxide, vacuum, and alr packe on
changes of sugars and ntarch in denydrated Staymen
Mneupapplcsstt;rodatmc Fo v o 0 v o o v v s o v

Appesrance of diacolgration in dehydrated Stsymen Winessp
epples stored a2t 100" F.. . « +. ¢ ¢+ v v 4 e e 0 0. .

.

141

3

LY |

51

55

57



table
ik

15

16

17

18

19

21
22

23

2h

26

28

iv

Pege

Effect of sulfur dioxide concentration on the sulfur
retention, moisture, ascorbic acid, and peroxidasse
sctivity in dehydrated Stsymsn Winesap spples . . . . . . . . 6k

Effect of time of sulfuring on the sulfur retention,
moisture, ascorbic scid, and peroxidsse asctivity in
dehydrated Stoyman Winesap spples . . . . . . . . . . . . .. 66

Effect of sulfuring temperature on sulfur retention,
moisture, escorbic mcid, and peroxidase sctivity in
denydrated Steymsn Winesep epples . . . . . . . . . .. ... 67

Effect of a standard 30-minute sulfuring at 10 pounde

per ton cowpsred to a 30-second stesm blench on sscorbdie

acid, moisture, sulfur retention, and peroxidese activity

in dehydrated Stiymen Winessp spples . . . . . . . . . . .. 69

Anslysis of Stsyman Winessp, York Imperisl, and Rome
Beauty spples dried al intervals during the storage period.. 13

Sugar content of fresh and denydrated spples dried at
intervals during the storagge perdod . . . . . . . . . . ... T3

Beconstitution of delydrated York Imperial apples
dried at intervals during storsge . . . . . . . . . . . ... T8

Verisbility in moisture content of dehydrated lima beans. . . 93

Effect of mesh size in determinstion of escorbdic aclid in
d%mdrat‘d 11‘& b‘&n‘ . . . L] . * L] L] . . . * . L} . (] . * . * 95

Loss of ascorbic acid =nd moisture in denydration amnd
storage of differentizlly-blanched 1ima besons . . . . . . . . 96

Peroxidsse determinations on blanched, dried, asmd
'tc”d l‘ma b‘ms L] L] . » . L] L] . . [ ] * . - L] . L . L) s . . . 93

Moisture and sscorbic acid content of dehydrated lime besns . 101
Moisture end ascorbic acid contents of fresh lima beans . . . 103

Losa of sscorbic acid end molsture in denydration snd
storage of lima beans as affected by sisve size of besms. . . 106

Loss of moisture znd ascorbic acid during dehydration
of Steymen ¥ines:p spples under varying conditions of
temperzture snd pumidity . . ¢ . ¢ . . . 0 . 0 0 e . e . . 118

Loss of moisture and esscorbic acld during denydration
of York Imperizl epples under varying cenditions of
tm&r&twe and mid‘ ty . . L] - . L] L] . . L d . L . L] L] L2 L] L] 119

Chemicsl chenges in dehydrsted York Imperial spples
'te“ﬁ fer ene year (19“;‘3) . L] L] L] . L d . L] L] . . L] . . . L d * 1&



Table
31

32
33

34

35

36
37

38

Page

Chemicsl changes in dehydrated Rome Beauly apples
stored for one year (1943) . . . . . . . . . . .. . ... 1

Chemical changes in debydrsted Ben Davis apples stored
forone year (19U3). o v v 4 ¢ 4 0 4 4 v e 4 e e e e e ... lo2

Chemical changes in dehyﬁraxad Staymen Winessp epples
stored for one year (193} . . . . . . . . ... L. ... 123

Variance anslyeis of cumulutive losses of suifurous
scid in dohydratcd %tayman ¥inesap apples storsd for 270
dw‘ at 65 F. and 33 r . . L] L] - L L] L . L] - L L] - . - - lah

Variance snglysis of cumulative losses of ascorbic scid
in dagyﬁratcd Staynan Winesap spples stored for 270 days
8.' 65 ?C Bnd "3 r . . . . - . . . . - . - . L] L] - . - . - 125

Sugar and starch content of dehydirated Stayman Winesap
epples stored ot 100° F. sesled dn adr . . . . . . . . . .. 126

Reconstitution of dehydrated Rome Beautly epples dried
at intervals during storage . . . . . . . . .. ... ... 127

Reconstitution of dehydrated Staymsn Winewszp spples
dried at intervsls during storage . . . . . . . . . . . . . 128



LIST OF FIGURES

Figure T'sge
1 Tn@ Gabinet d’wdrakor! » * * . » . L - . . L] * L d * [ ] . . L] l?
2 The tunnel Aehydrator « + + ¢ 4 ¢ 4 4 e e 4 e e e e e e e . 1B

3  Mesn per cent of tot:l molsture removed from 12 samuples
of dehydrested Steymsn Winesep apples as affected by
drying time in & vacuum oven. {Qslculated on 2 basis of
moisture removed in 24 hours of drying = 100 per cemt.) . . 20

4  Lose of sscorbic acid during denydration of Steyman
#inesap epples as affected by temperature under high
humidity conditlonz during the primsry drying period in
e cabinet denydrator. . .« . . ¢ ¢ ¢ 4 e 4t e e s e 0 e 0. 2h

5 Loss of sscorbic acid during dehydration of Steyman
Winessn erples ss sffected by temperzture under low
hnmiditx conditions during tne primary drying period in
£ cebinet Aehydrat0of. « v 4 4 4 4 4 e 4 e e 4 e . e e . .. 24

6 loss of sscorbic scid during dehvdrstion of York
Imperiel spples as affected by tempersture under high
humidity conditions during the primsry drying period
in ncabinet dehydrstor . . . ¢ « ¢ ¢ . L L 0o s e .. OB

7 Losa of mseorbic scid during denydrztion of York
Imperial aspples as effected by tempersture under low
hunidity conditions during the primary drying perio& in
a cebinet dehydrator. . . . . ¢ ¢ ¢ 0 s 0 0 e s v e .. .. OB

8§ Moisture content of Staymen Winessp apples as affected
by temperzture under higsh humidity conditions during
the primery drying period in a cabinet dehydrstor ... . . . 26

G Joisture content of Stzyman Winesep apples as affected
by tempersture under lovw humidity conditions during
the primary drying pericd in a cabinet dehydrator . . . .. 26

10 Moisture content of York Imperial aspples as affected
by temperature under high humidity conditions during
the primary drying period in a cebinet dehydretor . . . . . 27

11 Moisture content of York Imperisl spples as affected
by temperasture under low humidity conditions during
the primary drying period in & csbinet dehydretor . . . . . 27

12 loss of ascorbic acld in denydrated Stzymen Winessp
spnles stored for one yesr at two temperature levels. . . . 35

13 Loss of zscorbic acid in denydrsted York Imperisl
apples stored for one year at two temperature levels. . . . 35



vid

Flgure Pege

14 Loss of sscorbic acid in dehydrsted Ben Davis sprles
stored for one yesr st two tempersture levels . . . . . . . 36

15 loss of mscorbic acid in debydrated Rome Beauty spples
stored for one yesr et two tempereture levels . . . . .. . 3b

16 loss of ascorbic acid in dehydrated S Sgeyman win‘sap
apples stored for 9 months at 33°, 65, and 100° F.
sesled in sir. (Lot 120, sulfared ab 10 1bs./ton
before dehydration) . S 1 3

17 Effect of vacuum, carbon dioxide, end air pecks on
retention of sulfurcous acid instorage of delydrsted
Staymen Winessp spples. (Lot 120, sulfured st 10 1bs. /ten
before denydration . . . . . . . . 4 .0 o v e, B2

18 Loss of sulfurous scid in dehydrated Staymsn Winessp
apples stored et J00° F. secled dn edr. . . . . . . . .. . 52

19 cStsagee of darkening observed during storege of
dahydrateé Steymen ¥inesap gpples stored for 9 months
S t IGO F . . . 3 . . . . . . - - L3 . L3 3 ] [ * . 58

20  Appearance of dehydr: ted *twyman ¥inesap apples after
270 deys of storage st 100° F., showing the effect of
low moisture on keeping quality at high temperzture . . . . 61



INTROIUCTION

In the present war, a8 in the last one, dehydration has of necessity
been employed to preserve tremendous astocks of foodstuffs for both the
armed forces and civilisns abroasd. During the last war, 8,905,158 pounds
(48) of dehydrated feod of indifferent quality were shipped to France;
meking this to%al were potatoes, soup mixtures, carrots, onions, and tur-
nips. Ia the present conflict the problem involved not only the feeding
of a far greater fighting foroe spresd over the entire world, bdut
civilians as well. The vastuess of this problem is reflected in the
combined military snd lemd-lease requirements for the past two years (3).
In 1942, the totsl pack of eleven major vegetsbles in this country was
75,000,000 dried pounds; inm 1943, this peck was incressed to 210,636,000
dried pounds, largely for oversess consumption. For the ssme period, the
pack of dehydrated apples, the major fruit crop dehydrsted for war pur-
poses, was 54,000,000 pounds in 1942, and 50,000,000 pounds im 1943.

The 1944 pack of dehydrated spples was estimated by Dodds (20) to reach
50,000,000 pounds.

Although the dried-fruit industry has long been firmly estsblished
in the United States, mechanical, forced-draft dehydration of fruits end
vegetables nad never been developed for commercial use in production of
high quality products, except for the dehydration of a few crops such ss
onions, gerlic, snd peppers for condiments, and of prumes. The demands
by the govermment for denhydrated food during the war have included both
prodigious guantity and clearly-specified gquality. wodicka (68) stated
that the Quartermaster Corps wented "more foods which are concentrated,

stable sources of vitemin C,* and explained that for various reasons



the army shuns vitsmin pills for regulsr sdministration. Ain slternstive,
vitenmin fortificetion of foods, has been snd is being employed for mili-
tary rations. with the advent of many new dehydreting plants to be used
for the first time on many vegetsbles end some fruits, the determingtion
of vitemins existing in the foods and the investigation of fsctors in
foreed~draft dehydration and in storage, associated with vitemin and
nutrient retention, became important in order to meet the gquality demands
ef the armed forces.

?his work was underteken to study sscorblec acid, =3 s measure of
vitemin G, snd other gquality considerations in the denydration and subse-~
quent sterasge of apples and lima beans. Apples have long been Maryland's
lesding fruit crop and, since the war began, this fruit in denydrated or
canned form has constituted the major dessert food used by the armed
forces ss well as the major fruit shipred on lend-lesze sgreements.

Lima beans constitute a major canning ¢rop in Marylsad. ®hen the lima
besn studies were bDegun, this product in dried form was net used by the
srmed forces or in lend-lease shipments., However, previous work, which
will be reviewsd, showed that fresh limas beans are high in vitsmin C,
end since the army called for information (68) on 21l foods high im this
vitamin, sn investigation of the vitsmin C, measured by ascorbic acid,
in lime besns as affected particularly by dehydration was important.

The apple studies were planned to provide information om: (1) the
effect of sge of storsd frult onm guality, yleld, snd recomstitution of
tre dehydreted materisl, (2) the influemce of varying dehydration tem-
peratures, especially higher temperatures, snd consequent shorter drying
periods, on ascorbic aclid, moisture conteni, reconstitution, end sulfur
retention, (3) the storage life of denydrated spples &s affected by
variety, temperature, sulfur content, snd nature of pack, emd (l) factors



involved in the pre~treatment of apples before denydration, especially
the influence of a blanch used with snd without sulfuring.

Of primary interest in the lima besn studies were the ascorbdic acid
and moisture contents as affected by: {1) maturity of fresh besns smé
verisbility therein, (2) pre-drying treatments including blanching end
pre-blenching, and (3) verylog primary dehydration temperatures.



PART I
DERYDRATION OF APPLES
REVIEW OF LITERATURR

According %o Cruess {16), spples have been dehydrsted* {or evaporateds)
in americs for at least a century. Prescott and Sweet (56) uncovered
reports that dried zpples were issued o Unlon forces during the Civil war,
but they assumed that the sntiscorbutic property of this food prodably was
lost in improper hendling and storage. However, 1% was not until the first
World ¥ar and more regent years that the pringiples of denydration were
worked out in commercial detsil. For information on the theory asnd prin-
ciples of dehydration the reader is referred to Cruess (16), Chace, et al.
(1%), Wiegand and associates (67), and to Bids (21).

VYitemin C and Asgorbdiec Acid. The mutritive value of spples,

especially the antiscorbutic properties, received little asttention uatil
the identification of ascorbic acid and the perfection of cuemicsl methods
for its determination s little more than a decade sge. Some work is
recorded in the literature comcerning factors affecting the antiseorbutie
preperties of fresh spples. Varlieiy seems to have considersble influence
on the antiscorbutic value of spples (23, 25, 38, 40, 62, 63). Smith and
Fellers (60) summed up the biological ssssys on varieties with the follow-
ing srbitrsry classification: very good sources (4-6.5 grams minimum

daily feeding), Baldwin, Korthern Spy, ¥Winessp and Ben Davis; good sources

sDehydration is used in this peper to mean forced-draft drying under
controlled temperature snd humidity conditions. ZEvaporation is here
interpreted to mesn nstural-draft drying and implies little contrel over
temperature or midity.



(7-10 grems minimum daily feeding), Rome Besmaty, Rhode Isleand Greening.
end Staymsn Winessp; fair sources (10.5-15 grams minimum daily feeding),
Arkenses Black Pwig, Wealthy, Cortland, King David, and Golden Delicious;
and poor sources (10-75 grems minimum daily feeding) , Jonathan, Delicious,
and McIntosh.

Cultural practices once were thought to have an effect on the
vitemin C content of the fresh spple. The influence of fertiligers was
investigated first by Potter end Overnolser (55), who found significantly
higher sntiscorbutic velue in spples from trees receiving a cemplete
fertilizer than from trees which were unfertilized. fThis 4ifference wss
significant when apples were fed at the 5 grem level, but when fed at the
10 grem level (54) no spparent difference was observed. Todmmater (63),
using chemical methods for determination of vitamin C, could find no asuch
variation between fruit from fertilized trees and that from non-fertiliged
trees. Comparing irrigation to dry-land culture, Tedhunter failed to find
eny differences in vitamin C content of the fruit grown under the two
conditions., Likewise, with sprayed and unsprayed frult, Fellers, et sl
(22) demonstrated that antiscorbutic value was not affected by spraying.

According to Todbunter (63), highly colored fruit is sppareatly no
higher in vitamin C then poorly colored fruit. Leaf-fruit ratioc hed a
varying effect depending on the variety. Batchelder and Overholser (7)
found no differences between frults of high and low leaf-frult ratios in
the Delicious variety, but with Winesap, they reported that the high ratie
resulted in lower vitemin C content in the fruit. This influence, howsver,
wes indirect, for analysis of large and small frults of both varieties
discloeed & rather high vitamin C content in the small Winessp spples
compared to large fruits of that variety, while Delicious fruits were

uniform in vitamin content regsrdless of size. Tims the high lesf-fruit



ratio on the Winesasp variety resulted im larger fruits of lower vitamin
content.

Assoclation of vitsmin content with chromosome mumber was suggested
at one time by Fellers and associates (23). Baldwin, a triploid, was
found to be high in antiscorbutic value, while Melntesh, a dipleid, was
shown to be very low. Brambley's Seedling, also a triploid, had previously
been reported as a good source of vitemin C (9). FHowever, later work by
Smith snd Pellers (60) involving 21 varieties of spples did not support
this association. Manville, et al.(38) suggested that witemin ¢ in
apples is associated with gene activity rather than with chromosome numbder.

Distribution of vitamin C within the apple has been recorded by
seversl workers. Fellers, et al.(23) reported that the epidermis is
four times as rich as the flesh immedistely beneath it and six to ten
times as rich ss the flesh near the core. Thnis is in agreement with the
work of Msaville, et sl. (38), snd of Todmnter (63). According to
Todnunter's (63) snalysis, tne peel of sn spple contains by far the
grestest concentration of vitamin C, while the rest of the spple s
segregated in order of decreasing vitemin content es follows: ecalyx
flesh, whole spple, stem snd flesh, flesh only.

Campbell (12) and Hessler snd Anderson (32), working with Jonathan
epples stored until May, weres the first to investigate vitemin ¢ in
stored epples. vwhereas 20 grasams of fresh apple per day were sufficient
until November, 30 to HO grams were necessary to prevent scurvy in guines
pigs during the remainder of the storage season. Using a storage tem-
perature of 36° F., Fellers, et al.(22) recorded = loss of vitamin C in
the Baldwin variety of spproximately 33 per cent after § months of
storage. Batchelder (6) and Todmunter (62) estimated losses in excess

of 50 per cent in Delicious spples stored for 12 months at L5°¥.



posngns ‘peddip-uou yi1a peyedwmos JoasTy Jolsejuy pedounpoxd puwe ‘Juyilp
I03F8 JUOIUOD INFINS PeEveIOUT WY TNESL 40U PYP Furimyns ezojeq dyp
sutaq 3ued xod € ¥ ‘exowm Jo *ued-d OOz seM 3UOSUOD QPIXOTY InZIns eus Jt
£1uo syjuom judte o0y seanjesedmoq uwommwod 38 LYTI0308J81488 patois seydde
PetIDP ‘Nxom Iteyy ul .uﬂuaagn.m 209 % swnmyxew [eder ouj JO $800Xe
Ul INZINS POUTYIUO0 IPASW JYRIF STYS UG PUS ‘InFINS 0F IINOTIIVD o€
soyrdde 3vuy peguss Aeyl ‘uopyexplyep 103 serdds yo FupangIne JO sUOY,
-edyyseauy uo jxodex of seuo LTuo ouy exek (gn) eTISTIUD PUs STOUOIN
‘wTuIoytTed uy Liysvpuy Juylrp-wns euy 0f ATIeTnofyaed peyrdds esa pue
pesnyne oJv 95yY S3YNIy T2 PEPRIOUT S8TUL 'sTTeo euj Fuysivomwseyd £q
Furdrp 0393711983 0y (G) puwe ‘ (PutLyp wms) Fuyiep Furaup quesxe omos 03
syoesuy Todex o3 (4) ‘wopgwaotasjep T207F0107q0L0TH puw eulswe gussexd
o3 (£) ‘xoaey Tsamivu eaxesexd o3 (2) ‘xoroo Teangsu saxsssaxd oy (1)
‘emoTY0F 8% (Gf) Xeusyi puwe ‘Iman ‘PuoT Lq usatF uweeq ey uOTeIPAeP 0Y
Jotad syynay Fupangns Jo sesodmd eyuy 909 ans Uj 04 JOTJIBJUT BUY WOIT
J9384 3O UOISUIITP oul Puyye3yIioey snyy ‘suvaquew ayqvenled-jmes o)y
oTqeemzed siapusx pue sTTe0 euj sezlyomsurd (G) esved puv ‘TeoH ‘eveyd
03 JuypIodo® s3inay Jo Fuwiangins euy ‘ssuIF $USTOUS SOULE PIOFLOBII
‘PoMoTARX 9Q TTTA $3TnIZ TT® uUO BUCTIEPIjecaut Fujimgins ‘sjynay SNOTIVA
eqy 203 JeTjuys ote JupamyTas yo serdiousad eyy souys -FyANFIng
‘Byutdayr 3804 uy seydde
Ysoyulof puw AQ)Teel Ul £680 9uy eq 03 STHL ACYS ‘18eAIBY Jeyje 48D
et Futpuesxe ‘wqep xyeyl ‘owyy SuyxNoyd rewyou Ja3Jye 9aly AUy ue 3Jel
J% qUajuOod ) WIWE3TA U 28VLIOUY Of snujjuocd Low seydde gwuy pejseline
(G2)° 18 99 ‘ustd -~Fuyyotd Je9J9 uwoos seJunjuredume) MOT $€ DPaloys 8Y
doxo ouy uInoys ueas adssoys Furamp Lrpydes eynb seydde ysexy uy 48PY 6%
PIo8 07qI0088 WIUTTITA qsek Ul UMOIP Se10TJ8A TS2948 JO 33U} POIVITPUY

(G2)'1e 40 ‘ustX £q Nzoa suwenbesqus puwe (On) usaeN Aq jzxodsx Aseuymyyead Y



fruit. The suthors stated, further, that it was impoesible so sulfur
spples in excess of 450 p.p.m. snd they suggested that the sulfur dloxide
over this figure was converted by oxldation to something else, presumably
to sulfur trioxide.

The principles and some of the factors involved in sulfuring have
been studied to a greater extent for other fruits, chiefly the soft
fruits, which are sun-dried in California. Pisher, et al. (26) found that
peacnes, pears, and apricots as a rule absorbed less sulfur dioxide when
sulfured at the relatively high tempersture of 120° F., but retained more
during storsge than fruit sulfured at a lower tempersture. (hase smd
associates (13), however, could atiribute to temperature no influonce oa
sulfur absorption and retention in spricots. Fisher reported slso that
prolonged npigh-tempersturs sulfuring trestments caused cut fruite %o
#bleed,? become mushy, and stick to tne drying trays. whole fruits
(grepes and figs), sulfured st 120° ¥., ebsorbed smd retained more sulfur
dioxide than when sulfured at 70° ¥., according to Pisher.

Sulfur retention is considered generally to be proportional to the
length of the sulfuring period and the conceniration of sulfur fumes or
gas in the sulfuring cnember. Jewell (33), Chace, et al. (13), snd long
and coworkers (35) all showed this to be correct. In tests with sulfuring
periods extending wp %o 5 hours, Chace, et al. (13) demonstrated, however,
that mest of tue sulfur absorbved by toe fruit was taken up in the first
half hour.

Phe effect of storage comditions on sulfur dioxide retention of
dehydrated fruits wes mentloned first by Morgan, Field, end Nichols (42)
who stated that sulfur dissppesars slowly from denydrated fruits inm storage.
Miehols, lrsk, and Betbel (L7), working on color and sulfur dioxide reten-

tion in dried epricote, demonstraied cleariy that temperature was the most



important factor in sulfur retention during storsge. Lemgth of the
storage period, of course, was directly relsted to sulfur retention,
while air in the sesled contsiners also was imporsaent. The suthors
suggested thst sufficient alr remained occluded in the fruit to csuse
oxidative changes in spite of a gas or vecuum pack. Nitrogen, carbon
dioxide, end vacuum packs, therefore, did not show the retention that
was expected when compared %o the air pack. Molsture content seemed to
have sn influence on sulfur retention; in general, the lower the moisture
the less was the loss of sulfur.

Morgan snd Field (41), working with dried peaches, demonstrated
that sulfured fruit reteined the full smtiscorbtutic value of the fresh
fruit, wheress non-sulfured fruit lost all of its vitamin C. In a later
report, Morgan, Pield, end Nichols (42) found that sun-dried prunes snd
spricots were lower in vitamin C than dehydrated frult even whea the
smount of sulfur present was greater in the sun-dried samples. They
stated that the vitsmin protection afforded by the gas is exerted only
during the actuel drying, snd that sulfur content is of little consequence
in storage unless temperstures are unusually high. As a result of this
work, the suthors proposed that the lower sulfur limit for vitmmin ¢
protection in dried fruits is 450-500 p.p.m. of sulfur, beyond which
level little benefit is afforded. The mechsniem of vitemin ¢ protection
by sulfur is not known.

Blanching. Cruess (17) attributed the fallure of commercial dehydra-
tion of many frults snd vegetables after the lest war to the aversion to
blanching. Blenching of fruits prior to drying hes been practiced inter-
mittently in the west for many years, but this practice has never gained
widespread spplication in the industry. Nichols and Christie (}6)
increased significantly the sulfur dioxide sbsorptios by spricots by the



use of a one-minute steem blanch. Ohace, Clurch, snd Sorber (1Y),
however, insisted that blanching spricots resulted in a lower grade of
material. They reported that blanching after sulfuring resulted in a

50 per cent higher sulfur reteation than blanching before sulfuring or
not blanching at all. Regardless of the dianching method, the cups
filled with juice in the drying process, and this is considered whelly
undesirsble in the sun-drying industry. Blanching of fruits and vege-
tebles without sulfuring hes recently been proposed by Browm, et al. {(10),
but $helir date ere preliminsry and imconclusive.

Enzyme Aotivity. Though much has been written on the theory of
biological oxidstion ceusing deterioration, this review will consider
only studies directly relating to spples. Onslow (50) studied the oxidase
system in fruit tissue which browns on injury, and distinguished between
peroxidese snd an aromatic substance glving the reszction charascteristic
of the catechol grouping. Oz injury, sccording to Onslow, peroxidase
sotivates the oxidation of the sromatic compound with the formation of &
peroxide. The latter will reset with peroxidase snd gusiscum to produce
2 blue color. In a later peper, Onslow (51) concluded that the epple
centains an oxidase system consisting of sn oxygenese, a peroxidase, and
an eromatic substance with the catechol grouping. The oxygensse, aecording
to Onslow, will sctivate the oxidation of the catechol aromatic compounds
in the c¢ell with the production of a browa color and of a system which
will ;«roduco 2 blus color with gusiscum; the oxygenase also will activate
the oxidation of cetechol, supplied artificially, with the production in
the presence of peroxidase of a similar system. Overholser and Cruess (52)
tested verious chemicals to retard darkening im apple tissue. They |
findicated that sulfur dioxide prevented darkening by reacting with the

orgenic peroxide rather then with the enzyme. Up to this time, the most
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commonly sccepted theory was that sulfur dioxide acted on the coloring
matter formed in the darkening, eand reduced this dark decomposition
product as repidly as it was formed, thereby retsining the original celor
of the fruit. Balls and Hale (5) emphasized the importance of inmhibiting
peroxidase to prevent the darkening of epples. According to these
workers, inhibitors fall into two classes: (1) substances that affect
the ensyme directly, and (2) substances that eccelerate its insctivation
by hydrogen peroxide. The former class was considered the more importaat.
They indicated that treatment of spples with a dilute solutioen of glute-
thione or cysteine salts permitted drying or long-keeping without
discoloration. The work of Demny (18, 19) resulted in the use of thiourea
in this work and in spple dehydration plants throughout the nstion for
keeping the cut surfaces of aspples from discolering during preperation

of material for dehydration.

MATERIALS AND METHODS
Dehydration Equipment and Procedure

Two machines* were used for dehydration of the fruit. A small
cabinet machine (figure 1) with a cepacity of 2l pounds of fresh apples
was used in the fall of 1942 to determine the effect of verious primary
drying temperatures, and in the 19U3-Ul season to study the effect of
maturity on the quality of dehydrated spples. This dehydrator was heated
by screw-base heating elementis; a small fan maintained eir movement at

the rate of spprroximately 600 linesr feet per minute. Tempersture was

*Designed and built by Professor G. J. Burkhardt, Department of
Agriculturel Engineering, Maorylend Agricultural Experiment Stetion.
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regulzted electrically by a thermostat, while the smount of recirculation
of alr was controlled by mesne of two smell venis at the losding end of
the box.

A steam-heated tunnel dehydrator of pilot-plant sigze (figure 2) was
used for the dehydration of large smounts of fruit. This machine consisted
of two compartments: & high-tempersture or primary tumnnel with 2 parallel-
current sir flow mazintained at & rate of spproximstely 1,200 linesr feet
per minute, snd a low-temperature or secondary tumnel with a counter-
current air flow which wss kept at sbout 600 linesr fee: per minute. The
apples were exposed to temperatures in the primsry tumnel at controlled
higher levels than the #finishing" temperature in the secondary tunnel.
Phe usual ratio of Yrucks used in the dshydrator for spples was three
trucks in the primary tunnel to four trucks in the secondary tunnel. Six
18 x 24 inch trays made up a single truck. Two Wbuffer® tracks were used
before and after any particular group of test irucks, snd slsc whea
primsry temperatures were ralsed or lowered so that the test trucks were
subjected to the full time at the temperature specified. The secondary
or finishing temperature was kept constant, unless otherwise specified,
et = temperature of approximately 165° F. To messure temperature and
humidity conditions within the machines, wet and dry buld thermometer
regdings were recorded every five minutes when using elther the csbinet
or tunnel dehydrator. Beeosuse the primsry temperatures =nd the drying
times used in this work varied considerably, this information will be
given in those sactions where it zpplies.

Apples to be dehydrated were selected for uniformity of size before
being pesled and cored with & mechaniczsl peeler. Only medium-sized fruits
were used in this work. The peeled and cored spples were dipped im a 0.05

per cent sodium thiocarbamide (thiocurea) solutioen, hand trimmed %o remove



figur* 2. th* tuasMi deiaydrator.
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bruises, and esch spple was then cut longitudirelly by machine into 16
equsl seckions. The sections were dipped immedietely into the thiocar-
bemide solution sgein for a minimum of 30 seconds and transferred teo dry
stock pans,

Traye were loasded at the rate of 0.75 pounds per squsre fcot and
pleced, six (one truck load) =zt = time, in en asir-tight, plywood sulfur
box. Sulfur dioxide gas was introduced from = cylinder through 5/8 ineh
glass end rubber tubing end the ges wes ferced through 2 trep filled with
minersl oil through whichb gas passege wes controlled at ¢ uniform rate.
The stendard sulfuring trestment consisted of a 30-minute exporure to the
ges which was introduced in the first 5 minutes of the treatment st a
totel emount equivelent to 10 pounds per ten of fruit. The sulfuring
trestment wes so timed thet no longer thsn 5 minutes elgpsed from the
time the trucks were removed from the sulfur box until they were rolled
into the dehydrator. When the cebinet dehydrator wes used, the trays were
trznsferred immediotely from the sulfur box to the dehydrstor which had
previously been brought up to desired temperasture.

Dehydrated spples were "conditioned® for g period of =t least 24
houre. The procese of conditioning consisted of placing all of the dried
epples from & single lot in a non-sirtight contsiner; when the time of
conditioning wes extended to one week, depily mixing of the meterisl was
practiced to insure thorough contsct and uniform conditioning. The pur~
pose of the conditioning wes to ellow the drier sections to teke wp
moisture from the wetter sections; in this menmner more uniformity in the
moisture content witnin s single lot of epples wzs obiaimed. In the fsll
of 1942 ensmeled buckets covered with cheesecloth were used ss contsiners
for conditioning. 1In the spring of 1943, shallow plywood trays were build

as conditioning contsiners and used throughout the remainder of this work.
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dry to chop and too wet to grind, it was necessary %o resort to hand-
cutting with s pair of small scissors to break up the semple and obtain
an aligquot for analysis. Pileces cut with the scissors did not exceed two
aillimeters in thickness. For all anslyses, duplicate determinations were
nade on each ssmple.

Ascorbic Acid. Ascorbic acid was determined by the titration method

of Bessey and King (§) using a weak solution of 2,6 dichlorophencli-
indelphencl dye. For the first work sterted in the fall of 1942, the
sample was placed im a 6 per cent acetic scid, 2 per cemt metaphosphoric
acid solution end ground in & mortar. Both fresh and denhydrated samples
wers placed in the ecid solution immediately after weighing; the dehydrated
samples were allowed to reconstitute one hour in the eold acid solution
before macersting the tissue, Piltration through four thicknesses of
cheesecloth preceded titration of aliguots of the filtrate. After Cruess
(17), King (34), and Morrell (43), the remainder of the ascorbic acid
determinations were made by macerating the tissue in & Waring blendor in

a 2 per cent metsphosphoric acid solution for 80 seconds, centrifuging

for 10 minutes at 3,500 r.p.m., sad titratiag the supernatant liguid with
the dye. Since sulfur reduces the dye used in this titration, it was
necessary to neutrelige the sulfur, prior to titrating samples of sulfured,

dehydrated spples. This was done sccording to the method of Mapson (39).

Acidlity and pH. Pitratable acldity and pE determinations were asde
on exprossed juice of a 25-grem seample of dshydrated materisl which was
reconstituted in distilled water at room temperature for 2 hours. pH
deterninations were mede on undiluted Julce in a Coleman potentiometer.
Acldity was determined by titrating a 10 ml. asliquot of the juice diluted
to 50 ml. with distilled water. Carefully standardised 0.1 ¥ sodium

hydrexide was used for the titration with phenolphihalein as an indicator.



Suger and Starch. Totsl end reducing sugers in dried maoterial
stored in the common and cold storage rooms from March, 1943, to Mareh,
1944, were determined using the Shaffer-Hartmann method (58). 31l later
sugar determinstions and sll starch determinations were made using the
Heinge and Murneek modification (31) of the Shaffer-Somogyi method,
because this modification was found to be satiefactory for use with
dehydrated spples, and it was considerably more repid then the Shaffer-
Hertmann method.

Peroxidese. Peroxidase was determined quelitatively by edding 3-U
drops of s 3 per cent hydrogen peroxide solution and sn eguel amount of
2 1.0 per cent gualacol solution to a2 small portion of s sample (2 or 3
grems) in 20 ml. of distilled water. The sample snd reagents were
thoroughly mixed end allowed to stand for 15 minutes before the results
of the teat were recorded. BRElank determinstions snd bolled controls were
used at least omce = day. The guaizcol solution was substituted for a
tincture of gualescum used in the initisl tests becense gumiacol produced
s reddish color in the presence of perexidsse, 2 color which wss somewhat
easier to reed, pnd which hes been reported as more relisble (53). Varis-
tions in the color intensity of the gusiacol resction were observed in
this work, snd therefore, in later work an attempt was made to mske the
method semi-guantitetive by giving & numerical value %o all positive
resctions, using number 5 to indicate the reaction givenm dy fresh spple
tissue. lLess intense reactions were given corresponding lower numbers.
The weskest positive reaction was called plus and was given no numeriocal
value;: this reaction produced color only in parts of the carpel and in
some vaseular bundles.

Sulfur. Sulfur determinations were made sccording te the method of

Nichols and Reed (49) as modified by Mrex (). The procedure was modified
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in this work to the extent that more solution (about 250 ml.) was
distilled over in esch semple to mazke absolutely certzim that all sulfur
in the semple wes transferred to the distillate. The metihod of preparing
the ssmple also was chenged. Instesd of grinding the seample in two food
grinders as specified by Wrek, the ssmple wes partially reconstituted,
mecerated in a ¥aring blendor for 30 seconds to a semi-ligquid consistency,
snd rinsed into the distillation flask with dletilled water. This method
of bresking up the semple was far more rapid as well ss exceedingly
thorough.

Hoisture. Although officiel methods (1) regarding moisture deter-
minetions of dehydrated fruit called for a drying period of 6 hours in
vacuo st 70° C., the curve shown in figure 3, made by drying 12 saaples
of Stayman Winessp epples in the vecuum oven at JO° C., indicates that
6 hours 1s insufficient time for complete removsl of moisture from
deaydrsted spples. As & result of this preliminary trisl, e drying time
of 18 hours was adopted ss stzndard for sll moisture determinations om
spples reported in this psper.

Reconstitution. Cold water reconstitution of denydrated spples was

deternined by obtaining the drsained welght of szmples every 20 minutes
for a two-hour period. Although more water would be picked up by
additionsl soaking in cold water, 1t was found that differences which
sppeared between samples in two hours were not altered by exiending the
period beyond this time. Moreover, this two-hour periocd was double the
period recommended by the army (2). Twenty-gram samples were immersed
in 300 ml. of water at spproximstely 25° G. emd the schedule was so
arrszpged that each semple wss allowed to drsin for exsctly one minute
prior to weighing. A Fo. 1 tin can with a copper screen bottom was used

to hold the semple, and a2 No. 2 can was used to hold the water, C(Care was
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exercised in selecting esch ssmple to obt:zin uniformity in sige of
sections msking up the semple. Uniformity of dehydrated spple sections
wes found to be imperstive in gotting'auplicate ssmples to sgree. The
results of reconstitution work are reported in terms of moisture recovered,

calculated =8 per cent of initlial moisture in the fresh fruit.
RESULTS

Effect of Tempersture znd Humidity in Dehydration
on Ascorbic Acid and ioisture Content

Cabinet Dehydrator. York Imperial snd Stsymsn Winessp spples were

used for thies study, snd from harvest to processing in November and
December, 1342, the fresh apples were held in the 33° ?. storage room.
Three primary drying temperatures, 145°, 175°, 190% F., were used with e
stendsrd secondary tempersture of 155° F. For the 175° and the 190° trest-
ments the primery tempersture was held for 2 bours, after which time the
tempersture wes lowered snd maintained at 165° F. for 2 nours. For the
145° treatment the primary time wss the seme, bub the secondsry drying
period was extended to 2} bours, since more drying time was necessary.

In order to hold s tempersturs of 190° ¥. in this machine, it was necessery
to keep the vent openings smaller through the primery period thsn when
working with lower temperstures. This practice resulted im 2 higher
temperature, but slso a higher humidity since more of the molsture-laden
eir wes thus recirculated through the machine.

Humidity differences smong temperature treatments were maintained in
the primary drying period only, while the humidity in the secondsry period
was nearly standard for all lots, and during this latter period the rela-
tive humidity was 10 per cent or less. The relative numidities produced

by controlling the amount of recirculation in the cabinet are shown in
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table 1. The 145° treatment resulted in a somewhst higher relative
humidity then wes found at higher temperatures. The 175° treatment gave
s much lower Mumidity throughout the primary drying period, while the
190° treatment produced a high relative humidity due to the necessity of
keeping the vents more nearly closed to malntaln the high tempersture.
At the emd of the primary drying period im the 130° treatment, however,
the humidity was lower then thet produced in any other treatment.

TABLE 1. Relative humidity prevailing in the cabinet

dehydrator during dehydration at differentiasl

temperatures and two umidity levels ia
the primary drying period.

Relstive humidity (per cent)

Hours @ . —
in i 190° ¥. ; A175° ¥. : 1450 §.
dehydrator : ‘Trestment : Treatment : Treatment
Low humidity conditions
0.25 61 : 49 : 64
1 : 26 : 22 : 36
t : H
2.8 2 7 : 10 : 15
: High hmmidity conditions
: s :
2.5 37 : %0 : hy

Constant low humidities could not be obtained in the cabinet dehydrator
during the primary drying period, but after the first hour the humidities
repidly reeched o low level, as venis were fully open. On the other hand,
the high humidity conditions for all three temperature treatments, produced
by keeping the recirculation vents nearly closed throughout the primary
drying period, were nearly comstaat throughout tnhe first 2} hours of drying.
Yor the 190° treatment, the relative humidity was appromately 37 per cent;

for the 175° trestment, 40 per cent; end for the 145° treatment, 47 per cent.
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The results of these tempersture-humidity trisls are presented in
figures L through 11; the effects of primery temperatures and humidities
are discussed in relation to the results from the total drying period.

The loss of sscorbic scid in the 190° treatment was considersbly grester
than thet in either of the twe lowsr temperature treatments. vwhereas the
1U5° treatment resulted in losses of 49 to 57 per cent of the original
gscorbic acid, the 190° treatment resulted in losses of 62 to 81 per cent,
The intermediate primary temperature, 17§° ¥., wes the best treatment from
the standpoint of ascorbic acld retention. An exception to this is noted
in figure 6 where the lose of ascorbdic acid in the 175° treatment exceeded
that in tne 190° treatment, although the loss at the end of the primary
period was much less thsn that in the 150° treatment. When the lower
primary temperatures, 145° and 175° 7., were used, a considersble lsg in
ascorbic ascid loss took place during the first 24 hours of drying. This
was especislly pronounced in York Iaperial spples as compared $o Stayman
¥inesap. The high primary drying temperasture resulted in a repid oxidation
of ascorbic acid though some deley occurred im the low Mumidity treeatments.
with the 175° treatment the ascorbic acid loss was intermediste or low,
depending on the humidity conditions used with the primary temperature.

High and low mmidity during the primary drying period had a marked
effect on sscorbic acid loss during dehydration. When either variety was
dried, nigh bumidity resulted in significantly greater losses of the
escorbic acid thean low numidity. The loss wes not immediate in York
Imperial under high humidity conditions, while in Stawiﬁn Winesap the loss
took place repidly, especially at 190° P. Least loss of sscorbic ecid wes
observed in the 175° treatment when used with low Mumidity. In both
varieties this trestment resulted in losses of only 24 to 27 per cent

compared to losses of 49 to 81 per cent for other trestments. A possibdle
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explanstion of this msy be that the drying rate, es shown in figures 9
and 11, resulting from this temperzture trectment was very similar to

the rapid drying =% 190° ut at & lower temperature; compared to the 1450
treatment, the drying wes much more rezpid. Further, the relative mmidity
of the 175° trestment, shown in tsble 1, wss consideradly lower than that
in either the wwmc or wwoo tregtment. Eidt (21) has shown that the tem-
perature of the fruit is very neerly that of the wet buld through the
primary drying period iam dehydration of apples, snd that high temperature
with a relative mmidity of 20 to 32 per cent is optimum for rapid drying
of spples. The humidity in the case of the 175° treatment reached this
optimun renge more rapidly than did the mumidity in either the 14%°or the
190° treatment, smd thus oxidation of ascorbic acid was reduced. The
greater loss of ascorbic acid under all high mumidity conditions compared
to corresponding low humidity treatments mey be explained by the fact

that nowhere in the primary drying periocd d4id the relative humidity go
below 37 per cent in any of the temperature treatments under high humidity;
tims the actual temperature of the frult was nigher in this peried and the
rate of oxidation of ascorbic acld was conseguently greater,

In figures 8 through 11 are shown the moisture contents of the spple
material teken at intervals from the dehydrator. In gemeral, higher
primary temperatures resulted im a more rapid rate of drying as well as
a lower final moisture content. This is clearly shown in sppendix tables
28 and 29 in which the moisture removed from the fruit is caloulated as
per cent of initial moisture in the fresh fruit. Dehydration under con-
ditions of low mwmidity resulted in consideradbly more rapid dryiag than
corresponding temperature treatments at high humidity. Phis is readily
explained bty the more rapid removal of water from the surface of the fruit

when low mmidity prevesiled. In the 175° and 190° trestments similar
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Moisture asnd ascorbic acid content of denydrated

Staymen Winesap spples dried under varying conditions of
tempersture and drying time in the tunmnel dehydrator.

Minutes Minutes Relative Temperature Molsture Molsture Ascordie
in in amidity of after after con- ecid
prinary secondary in primsry primary ditioning after con-
tunnel tunnel primary tunnel drying (per ceat) ditioning

tunnel (degrees ¥.) (per cent) (mg./100 g.

(per cent) dry wt.)
120 120 8.6 175 54,1 15.2 10.2
100 120 9.0 175 58.3 17.3 10.5
100 120 8.3 190 53.8 17.9 g.h
30 1ko 8.3 190 53.3 17.5 7.6
80 140 8.3 190 66.3 18.h 9.6
90 120 6.9 200 57.8 22.9 10.2
80 120 6.9 200 54.5 25.2 7-8
10 120 6.9 200 65.8 21.h 7.8
80 120 6.7 210 56.0 15.0 10.2
T0 120 6.5 210 61.h 16.0 8.9
60 120 5.8 210 53.1 14,9 10.3
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The ascorbic scid content of the dehydrated fruit, obtained after a
conditioning period of N8 hours, was somewhat veriable. However, these
figures present evidence to sbow that $the higher primary temperstures
are not detrimental to ascorbic acid retention when drying time is
reduced. Ko attempt is made here to attach significance to any one treat-
ment compared to snother. The value of these figures lies in the fact
that no consistent loss is shown for tne higher temperature treatments.

This work with the tumnel dehydrator demonstrated thst apples can be
dried to a moisture content below commercial requirements in » period es
short as 3 hours by using high primary temperatures together with high
air velocity. In all of these treatments, the apples csme out of the
machine with good color and gemeral sppesrance. Apples dried at 220° ».
in the primary tunnel showed someé scorching around the edges of the apple
seotions and & rather hard crust onm sll of the sections; this seemed to
indicate that sbout 210° F. was the critical limit of primary temperaturs
for dehydrating spples under conditions prevailing in this machine, and
this temperature was adopted for the apples dried in December, 1943, for
storage described later im this pasper. In contrast, the cabinet dehy-
drator, under the limited conditions of mmidity control, had an upper
primsry temperature limit of ebout 190° P., simce drying at 200° ¥. in
this machine caused scorching.

Effect of Storage Temperature on Dehydrated Apples

1943 Studies. Four varieties, York Imperial, Stsymsn Winesap, Ben
Davis, and Rome Beauty, were used to study the influence of tempersture
on the storsge life of dehydrated spples. The York Imperisl spples were
obtained from commercisl stocks of the Americen Fruit Growers, Ine., in

the fall of 1942, and held at 33° F. until denydration im Februsry, 1943.
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repid deterioration of the ssmples stored st this tempersture, further
work at 110° F. could not be cerried out with these lots, and the per-
formance of the four varieties in common and cold storage was recorded
for a one-year period.

In appendix tables 30 through 33 detailed results of cold and
common storsge, showing chemical chznges during storsge, are presented
for the four verieties. No change in moisture content was found during
the entire storage period in sny of the ssmples. The pE of all varieties
under both storsge conditions consistently decressed. This decresse in
pH was rather surprising since the derkened spples tsken from the 110°
storsge and also those taken from common storage in leter months hed a
flat taste entirely vold of any acld flaver whatever. Titratesble ascidity
determinations fluctusted rather widely and show no definite trend. These
determinations involved some error in method, but they indicate that
titrateble scidity was not lost in storage.

Though the varieties were very similar in sugar content, dehydrated
York Imperial spples contained the highest percentage of totsl sugars
and the lowest smount of reducing sugzars of the four varieties studied.
Under cold storage conditions, totel sugars in this variety remasined
constent while reducing sugars graduslly incressed from 47 to 54 per cemt,
with a corresponding decrease in non-reducing sugers from 23 to 16 per
cent. Similarly in common storsge, totsl sugars remeined the same while
reduoing sugars increased § per cent during the year. The sugar content
of the other varieties, thougn somewhat different in initisl value,
showed the seme trend under both storsge conditions, but, except for
Ben Davis, the comuon storsge resulted in grester changes of both mon-
reducing end reducing sugars than did cold storage. There was some

indication of loss of totsl sugar in Bome Beauty, snd in the case of this
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variety the grestest increase in non-reducing sugars occurred. However,
the reduction in total sugars could be within the renge of verisbility
in the materisl.

Phe oxidetion of ascordic acid in the four varieties through the
storage period is plotted in figures 12 through 15. The greatest loss
of ascorbic acid, ranging from 52 per cent in Rome Beanly spplee to 75
per cent in Staymen Wineszp epples, ocourred im the first 6 menths of
common storsge in all ceses. The explanation of this rapid initisl loss
in common storage is found in the temperature levels for the first 6
months compsred to those for the second helf of thcﬁjtorag. period.
During the first nslf of the sterege year, the hetiégimor temperatures
prevailed, resching the meximus of 98° F. The lest 6 menths, om the
other hend, coincided with the cool fall and winter months when the
tempersture of the room remsined near the minisum of 60° F. Thus the
loss of ascorbic acid would seem to be directly relsted to the tempera-
ture of tha storsge room. In cold storsge, York Imperial snd Rome Beauty
spples deereesed in ascorbic acid at s somewhat constant, low rote,
whereas Stsyman ¥inessp and Ben Davis apples decrsssed at a more repid
rate in the first half of the year than in the second half of the storege
period.

The summsary of ascorbic acid loss, shown in tadle 3, indicates thet
during storsge the destruction of ascorbic acid in these dehydrsted
spplee was markedly influenced by the temperature, =nd less so by variety.
In commen storsge, for exemple, the losses smong the four varieties for
the entire year ranged from 39 to 61 per cent whereas in cold storage
the losses were only 16 to 31 per cent. Of the four varieties stored,
Rome Besuty showed the greatest loss of ascorbic acid in cold storage amd

the least loss in common storage. NMore work, however, would bhe necessary
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TABLE 3. Summary of ascorbic acid loss in the dehydration
end storsge of York Imperial, Ben Devis, Staymen Winesap,
and Rome Beauty apples. (See sppendix tables 30-33%).

Per cent loss

e g» % se Be

Yeriely : Storage for one year : nohwﬂraxiaa and storage
Dehydration : . for one year

¢ Common : Cold Common : Cold
H H : . ]

York : 21,65 : 60.33 : 27.92 :  81..98 : k9,57

Rome : 20.8% ¢ 39.65 : 31L.94% : 60k : 52.78
H H H . H H

Staymea ¢ 20.91 : 60.68 : 21..25 81.60 : h2.16
H H : H :

Ben Davis @ 26.95 : 52.96 : 16.26 79-91 : k321

before tois could be established as cheracteristic of the veriety. In
York Imperial apples the loss in common storsge wss nearly twice as much
as in cold storage, and in Stsyman Winesap and Ben Davis gpples, the loss
in common storsge wss nearly three times that in cold storage. Total loss
of ascorbic acid, including that in both dehydration and storage for one
year, renged from 60 to S1 per cent when common storage was used, snd
from 42 to 52 per cent when cold storage was employed.

The percentage of ascorbic ecid lost in denydration, especimlly in
York Imperial esnd Stsyman Winewsp spples, presents an interesiing com-
psrisen to losses in the cabinet dehydrator recorded for these two
varieties in previous work. (Tables 28 snd 29) Whereas the loss of
ascorbic acid from these two verieties when dried in the cabinet machine
st 175° F. under low mumidity conditions was 24 te 27 per ceat, the loss
when dried in the tunnel mechine was oaly 21 per cent for each variety.
Since the temperature used ia primary drying was the same in both mechines,
this indicates tnst tne low relative mmidity of less than 10 per cent,
which preveiled in the tunnel machine, was respomsible for the reduced

loss of ascorbic seid.
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for 105 minutes at 210° F. followed by 135 minutes at 165° F. Eleven

deys elepsed from the time the first lots were dehydrated until the

totzl volume was sealed in tin cens. During this period, one lot, No. 12M,
was dehydrated to a2 low moisture content by an additionsl § hours in the
cabinet dehydrator et 165° P. and immediately sealed in tin csns. The
bulk of the material wes turned daily in the conditioning trays until

the last dey of dehydration whem the dried apples were pooled, thoroughly
mixed, snd segregsted into 4 parts for further sulfuring treatment.

The seversl lots of dehydrated and resulfured spples were sesled inm
vacuwam, carbom dioxide, and air in No. 2 csns, snd the csnned materisl
was placed in storage st constant temperatures of 33%, 65°, and 100° ».
in storage facilities slready described. DIue to unforeseen difficulties
experienced 1n setting up the spparatus for sulfurous acid determination,
the various lots of apples were not pleced in differentisl storage until
Jamuary 20, 19hk; from the time of sealing im cans to plascing under
different storage tempersture conditions, all lots were neld in the 33° .
storsge room. A summery of the sulfuring, blenching, and packing trest-
ments is given in table 4, and for convenience in later discussion, these
treatments will be referred to by the lot or code numbers.

Since this work was primarily coacerned with preservatioa im high
temperature storage, only sir packs were placed in 65° smd 33° F. storasge.
Yurther, it was known from previous work that deterioration would likely
be rather slow in spples stored st these two temperatures, and therefore,
ssuples for anslyses of apples stored st 65° and 33° F. were token at
intervals of 90 days, whereas more frequent sampling was mecesssry for
material stored at 100° ¥.

The results of analyses of apples stored for 9 months st 65° ¥. and

33° F. are presented in tebles 5 and 6. From these data, it can be seen



TABLE 4. Treatments used for dehyirated Staymsa

Winessp spples stored at 100° F. (19uh).

Code* ¢ Hete of sulfuring ¢ Blaach ‘ Rate of sulfuring : Atmosphsre

: before ! Ddefore ¢ after ! in sealed

' dehydration §dnhvdration ; dehydration centainer
120 A 10 1lbs./ten none aone air
120 ¢ . " x none 00,
120 ¥ " . : none vasuun
121 a a v . 10 1bs./ton ‘ air
121 ¢ " : # 10 1bs./ten : 60,
21 v ] : " 10 1bs./ton veacuum
122 A ; " : . 20 1bs./ton : sr
122 ¢ " : " i 20 1be/tem i 00
1227 . . 20 1bs./ton —
123 A " 30 seconds 20 lbs./ton x air
123 ¢ " 30 seconds 20 1bs./ton : 0,
123y " 30 seconds 20 1bs./ton  : vacwm
124 Aee : . aone nons air

*Hote: A * alr-pack

€ ¥ gardbon-dioxide pack

¥ = vacuum pack

*$Lot 124 was dried %¢ low moisture content by & hours additional
drying in the cabinet dehydrator.
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P43l 5. Analysis of dsngclrated Stayman Winessp spples
stored et 37° F. sealed in air.
(Stored Jsnuary 20, 13hl.)
Days Molieture Ascorbic sulfurous Reducing Non-reducing Total
stored (per cent) scid acid suger sugar sugsr
{mg./10C «v, (pep.ms) (per cent (per cent {per cent
ary wsi.) dry wt.) dry wt.) dry wt.)
Lot 120 (sulfured 10 lbe./ ton)

0 13.5 10.2 1321 50.8 22.0 72.8
90 1.2 8.7 1251 51.3 22.4 13.7
180 13.8 8.0 1193 50.6 21.9 72.5
270 13.2 1.6 1124 50.0 22.2 12.2

lot 121 (sulfured 10 1lbs./ton, resulfured 10 1bs./ton)

0 13.0 10.3 1351 50,2 20.8 71.0
90 13.9 8.9 1291 50.7 21.9 72.5
180 13.7 8.1 1301 50.7 21.8 71.8
270 13.3 7.6 1248 k9.8 21.7 71.5

Lot 122 (sulfured 10 los./ton, resulfured 20 1lbs./ton)

0 12.8 10.0 1ko7 L34 18.1 66.6
30 13.9 9.1 1350 by, 2 18.8 68.1
180 13.6 8.7 1310 49,1 20.6 69.7
270 12.9 8.0 1296 50.5 20.2 70.7

Lot 123 (eulfured 10 1bs./ton, stesm-blanched, resulfured 20 1lbs./ton)

0 11.0 9.6 1768 50,4 16.6 68.9
90 11.0 3.7 1610 51.3 19.8 71.0
180 10.9 3.5 1600 51,2 20.4 71.6
270 10.1 8.5 1537 51.0 20.7 71.6




TABLE 6. Analysis of denydrated Staymsn ¥Wineeep sprles

stored =t 65° F. sealed in sir.
Stored Janusry 20, 19hk.)

Ascorbie Sulfurous Redueing Bon-reducing Total
Seys Holsture scid ecid sugar sugar sugar
stored (per cent) (mg./10C gr. (p.p.m.) (per cent (per cemt (per cent
dry wt.) dry wt.) dry wt.) dry wt.)
Lot 120 (sulfured 10 1bs./ton)

0 13.5 10.2 1321 50.8 - 22.0 72.8
90 14,6 8.5 1179 50.6 19.7 70.3
180 ik.1 7.3 1160 7.7 18.6 66.4
270 12.8 7. 1172 50.7 22.0 72.7

Lot 121 (sulfured 10 lbs./ton, resulfured 10 lbs./ton)

0 13.0 10.3 1351 50,2 20.8 71.0
90 1.2 8.4 1220 k9.9 19.6 69.5
180 1k.0 3.5 1154 43,3 19.5 68.8
270 11.9 8.1 1124 50.2 21.3 71.5

Lot 122 (sulfured 10 lbs./ten, resulfured 20 1lbe./ton)

0 12.8 10.0 1407 48,4 18.1 66.6
90 14.0 8.0 1200 51.2 19.8 70.9
180 13.8 8.3 1190 48,7 20.0 68.7
270 13.2 8.1 1172 50.7 21.7 72.4

Lot 123 (sulfured 1C 1lbs./ton, steam-blsached, resulfured 20 1bs./tonm)

0 11.0 3.6 1768 50.4 18.6 68.9
Q0 11.5 9.3 1497 53.3 16.7 70.1
180 11.0 9.4 1510 47.6 21.6 69,7
270 10.4 8.4 121 50.2 20.0 70.2
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that there was a decrasse in sulfurous acid in 21l lots &t both tempera-
tures. That these chenges might be seen more clearly, cumulative losses
are showa in table 7; variance snalysis of these latter figures is given
in tsble 34 (sppendix). In mearly every case the grestest deeresse in
sulfurous acid occurred ian the first 90 days of storsge, as seen from the
losses recorded in the first periocd. With the exception of lot 120 in
65° F. storsge e=nd lot 121 im 33° F. stersge, =11 lots showed e constent
decresse of sulfurcus ascid, snd these loases zre shown to be significant.
It is evident, also, that decreazses in sulfurous acld were inflvenced by
temperature. With the exception of lot 120, 211 lots showed signifigantly
higher losses in 65° ¥. etorsge compsred to 33° P, storsge. Although the
'varisncc englysis did not snow significance for differences csused by
trestments, it is interesting to note that in 65° F. storsge tne %otal
losses of sulfurous acid were progressively greater as higrer initisl
sulfurous acid contents were obtsined. That is, the order of these trest-
mente, in respect to sulfurocus zcld content =t the beginnirng of storage,
remained the sszme on the besis of cumulative losses.

The loss of ascorbic secid from the various samples stored at either
33% or 65° F. wes not marked, snd no significsnce can be attzched to
differences between tempergture treatments, as determined Ly analysis of
verinnce of cumulative lesses in table 8. This indicetes that sscorbic
acid was not sensitive to the 65° F. tempersture compered to 33° ¥. as
was sulforous acid, since significent édifferences were reccrded for sul-
fureus scid decresses in the two temperature levels., When the sscorbie
ecid lowses at 65° and 33° F. are compsred to those et 100° ¥., shown ir
figure 16 which was mede by plotting the losses of lot 120 sealed in air
and stored st the three temperstures, it was spparent thet high temperature

storege at 100° F. resulted in 2 repid end complete loss of ascorbic aecid.



TABLE 7. Cumulative losses of sulfurous scid, sinown by
snalysis at intervale during storsge, in dehydrated
Staymsn Winesap spples as affected by storage tem-

peratures and trestments* a% the time of dehydretion.

Storage

Cumulative loss** of sulfurous ascid (in p.p.m.)
intervel | _ :
(deys) 33° F. storage : 65° F. storage
Lot 120
90 70 : 42
8 128 : 161
2P 197 t L
‘ Lot 121
:
90 : 60 : 131
180 : 50 t 157
210 : 103 : 22
; Lot 122
%o 57 - 207
180 : 97 H 217
270 11 : 235
: Lot 123
9 158 : 2
180 3 168 : 238
270 : 231 3 LY

-

ePreatments: Lot 120, sulfured & 10 lbs./tom, 4ried; Lot 121,
sulfured @ 10 lbs./ten, dried, resulfured ® 10 1lbs./tom; Lot 122,
sulfured & 10 1bs./tom, dried, resulfured 20 1bs./ton; Let 123,
sulfured @ 10 1bs./ton, stesm-blanched 30 seconds, dried, resul-
fured @ 20 lbs./ ton.

*¢ pifferences necessary for significance:
Between Temperstures - 100.58 at 5% point
Between storage intervsls - 28.58 at 1% point
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TABLE 8. Cumulative loeses of sscorbic acid, shown by
analysis at intervals during storage, im dehydrated
Stsymen Winessp spples as affected by storsge tem-
perature and treatments* at the time of dehydration.

Storage : Cumwiative loss** of ascorbic acid
interval (in mg./100 g. dry weight)
(dsys) : 33° 7. storage : 65° 7. storage
: Lot 120
30 : 1.5 : 1.7
180 : 2.2 H 2.1
270 3 2.6 : 3.0
H Lot 121
90 : 1.4 : 1.9
180 : 2.2 s 1.8
270 : 2.7 2.2
H Lot 122
90 : 0.9 H 2.0
180 : 1.3 : 1.7
270 : 2.0 : 1.9
: Lot 123
90 : -0.1 : 0.3
180 : 0.1 t 0.2
270 : 1.1 $ 1,2

e

*Treztments: Lot 120, sulfured @ 10 1bs./ton, dried; Lot 121,
sulfured 6 10 1bs./ton, dried, resulfured & 10 1bs./ton;
Lot 122, sulfured @ 10 1lbs./ton, dried, resulfured @
20 1bs./ton; Lot 123, sulfured @ 10 1be./tom, steam-blanched
30 seconds, dried, resulfured & 20 1bs./ton.

*sifferences necessary for significance:
Betweon Trestments - 0.508 at 1% point
Retween storsge intervsls - 0.252 at 1% point
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Thus at some point between 65° and 100° F. the losses of ascordic scid
would begin to rise significantly. The sulfur treatments, however, as
well as the storage intervsls did result in significant differences in
ascordic acid loss. The trestments which received the heaviest sulfuring
resulted in the best retention of ascorbic scid, and differences in faver
of treatments were highly significant, as were the differeances produced
by the lengtn of time the samples were stored. Except for lot 123, the
greatest loss of ascorbic acid oceurred during the first 90-day period
of storage, which was somewhat parellel to decreases of sulfurous acid
in this period.

Sugar determinstions of the semples stored at 65° and 33° 7.,
recorded in tables 5 and 6, showsd no significant changes im any of the
treatments during the storsge period. With some variation, reducing
sugars remained essentially at a constant level as did non-reducing end
total sugars. These datz ere not in sgreement with the results of the
1943 storsge work where a gradual accumulation of reducing sugars was
found in dried epples stored in both cold snd common storage. This can
possibly be explsimed on a basis of the results of engyme determinations.
In all semples stored in the 1943 werk, s positive peroxidase test was
obteined; in all samples stored im the 1944 work, s negative peroxidase
reaction resulted. Thus the treatment given the apples in this work
resulted im destruction of any enzyme systems operating, sand this could
account for the little change which took place in the sugars in this
meterial, whereas enzyme activity could be responsible for the accumuls-
tion of reducing sugars noted in the four varieties stored im 1943,

The flavor, color, snd general appearsnce of all lots stored at both
65° and 33° . were the same after 9 months of storsge as compared to

condition at the beginning of the storege period. No differences could be
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TABLE 9. Aascorbic acld content, expressed as
mg./100 grams, of dehydrsted Steymsn Winesep
apples stored at 100~ F.

(Stored Jemuary 20, 19hh)

Lot* s ﬁatﬁre : Deys stored
no, : of s
:  pack 0 7 1k 20 36 60 90 120 15 200 270
: :
120 air :  10.2 £.0 5.9 6.4 5.1 4.3 4,1 2.0 - - -
H H
120 : vacuum : 10.2 9.2 7.9 8.0 7.1 4,8 5.0 .Y - - -
20 3 Cop © 10,2 B9 68 6.8 55 5.0 B4 33 - - -
121 sir : 10.3 8,2 6e7 7.0 6.5 4.5 4,5 2,4 - - -
121 ¢ vecuum : 10.3 9.2 9.1 8.2 7.7 6.0 6.4 4,7 - - -
121 oo, . 10.3 8.0 8% 6.8 5.8 5.2 55 ko - - -
122 ; air ; 10.0 8.0 7.6 7.6 6.6 5.0 4.6 2.8 - - -
122 : vacuum ; 10.0 8.9 8.7 9.1 8.3 7.2 6.8 6.0 4,3 - -

122 o, T 8.0 8.0 8.0 6.9 5.3 4,9 b2 - - -

..

123 air 9.6 8.4 7.8 8.1 8.1 5.1 4,8 3.2 - - -

123

vacuum ¢ 9.6 9.6 3.5 9.0 9.0 7.8 7.4 6.4 5.2

s o9 as

123 : G, : 9.6 9.8 2.3 85 &7 T.2 60 56 Wy - -
3.4

2% :  sir : 10.1 10.1 9.6 9.1 - % 5.6

»
.

*Preptments: 120 - sulfured & 10 lbs./ton, dried; 121 - sulfured @ 10 1bs./ton, dried, resulfured
@ 10 1bs./ton; 122 - sulfured % 10 1lbs./ton, dried, resulfured @ 20 lbs./ton; 123 - sulfured @
10 1bs./ton, stesm-blanched 30 seconds, dried, resulfured & 20 1bs./ton.

Initizl sulfurous acid contents: Lot 120, 1321 p.p.m.; lot 121, 1351 p.p.m.; lot 122, 1407 P.P.m.;
lot 123, 1768 p.p.m.; lot 124, 1466 p.p.m.




50

pack, whereas both were clearly superior to the sir psck in this respect.
Pne date show, however, thst pack etmosphere was not £8 important as the
moisture content of the gpples in retention of sscorbic scid, illustrated
by comparing lot 124 to all other treatiments regsrdless of the neture of
the psck. The sprles meking up lot 12U were not sealed in vacuum or
cerbon dioxide; therefore, the difference between the sir-packed, low-
moisture epples snd other treatments which hsd been pscked in ges or
vscaum becomes of even greaster importsnce. Sealing of low-moisture
apples (3 per cent or less) in carbon dloxide or vecuum would offer the
possibility of even greater sscorbic =mcid retention.

The sulfurous scid content of the dehydreted semples stored at
100° P. for O months is shown in table 10. The low-moisture treatment,
lot 124, was cleerly superior to sll other trestments in that spproximately
50 per cent of the sulfurcus acid was retained in this fruit after 9 months
of storsge, wheregs the other smmples lost from 77 to 100 per cent of
initisl sulfurous acid. Differences smong other treatments were
spparent to the extent thet increased sulfuring, and sulfuring plus
blenching, definitely increased the retention of sulfurous ecid in spite
of relatively small differences in initial sulfur contents among lots
120, 121, end 122.

Retention of sulfurous acid seemed to be influenced by the pack
stmosphere. As seen from the dats in teble 10, the vecuum packed apples
reteined the most sulfurous acld in each of the four treatments of com-
perszble moisture content. The cerbon dioxide pack resulted in intermsdiate
retention of sulfurous acid by the spples wherees the air pack resulted ia
the poorest retention of sulfurous acid. The relaticnsnip between the
three types of pack is illustrsted ia figure 17, made by plotting the

curves for the air, carbon dloxide, snd vacuum pecks of the stsnderd sulfur
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TaBLE 10. sulfarous scid content, ernreezed ns
ey és per aililon, of denyirsted “teymen “inessp
saples stors? -t 1009 7. {s%ored Jeawery 20, 19hk)

ottt ; lHsture 3 Leys slored
re. 3 of :

: pecx : O 7 14 & 3% 60 %0 120 15¢ ¢ 270
130 :  sir : 1321 98 908 917 &5 S5 259 o o o o
1o vicuum ¢ 1371 070 ptatiy 1065 1099 754 538 226 186 14 173
120 i 9, ¢ 131 12 108 9% 88 565 353 & 0 0 0
w2 T 1351 1093 1idk 1leh 96k 7 571 123 0 o o
121 ¢ wecuus 1331 1091 1181 113k 11%2 L 757 217 132 1uy 28
12 G, 1351 1009 Re6s 106k 103 bob 552 20% 23 gk 0
122 : sir FUTyY S S %S SR . U & £ O ¥ %9 76 333 1k 186 18k
122 e. Ycuus ; 0y 1162 11bk 1k 52 95 1667 53k 161 281 299
122 i, 1h07 1203 Flatie ek 10w 8¢ &22 216 199 2h4 164
123 x sir ; 1768 1%3% 13tk 1otk 12y k823 WL o8¢ %6 219
123 : vacuum 1768 1k6d 1389 135h 1338 133 B30 810 ka2 393 Lok
123 ey, :oapee akse 13&  155h kof 03 W% 687 ki W18 336
12k : air 1heb k6T 137 - ~ - 1471 - 856 - 755

N 3

srestaents: 120 - sulfursd 10 1bs./tom: 121 - sulfured 15 1bs./ton, resulfured 10 1bs./ ton;
172 - sulfured 10 ibs./ton, resulfured 20 lba./ton; 173 - sulfured 10 1bs./ton,
stesn~-blsnched, dried, resulfured 20 iba./tosn,
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Plgure 17. Effect of vacuum, csrbom dioxide, and air
packs on retenticn of sulfurous scid in storage of de-
hydrated Staymen winessp spples. (Lot 120, sulfured st
10 1bs./ton befere dshydretion)

SULFUROUS ACID
P 3 * 3
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DAYS IN STORAGE

Figure 18, Loss of sulfurcus scid 1a dehydrated
Steymen Winmesep spples stored at 100% P. sesled in sir,
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treatment, lot 120, Nichols and Christie (146) reported that sulfur
dioxide in dehydrated spples might eventuslly disappesr during storage.
These dsts sre in agreement with this statement a8 shown by the eir znd
ges packs of lot 120 snd lot 121, all of which resulted in a complete
loss of sulfurous zcid after 9 months of storage. Of these, the air
pack of the comtrol lot, lot 120, was the first to lose 2ll sulfurous
scid, the complete loss showing up after 120 deys of storage.

Particular attention is celled to the stesm-blenched eprles, those
of lot 123, which showed very little loss of sulfurous acid in the last
120 days of storege regardless of type of pack. Although no definite
conclusions sre offered from these date, it is possible that stesm-
blanching might level out the curve after a certain percentage of initiel
sulfurous 22id bas been lost. This is suggested hecause the steem-
blanched fruit alweys dried down to e lower final moisture content, snd
in doing so might result in a"ocking in" of = certain smount of sulfur
which would not be essily given up as illustrated with lot 124, If the
loss-curve for sulfurous scid could be leveled out in this menner, and
if this could be done st a high enough level, prolonged nigh tempersture
storsge might be possible. However, more work is necessery to reveal the
nature of sulfurous acid dissppesrsnce from dried fruit before tnis point
cen be fully developed.

Sulfurocus scid content, ss wse the cese with ascorbic acid content,
wes reduced merkedly by high tempersture storsge compared to 65% and
33° F. storsge. This rate of loss in the high tempersture storsge wes
in turn influenced by both moisture content of the spples snd by the type
of peck in which the azpples were sealed. To emphasize the superiority of
low moisture spples over others in this respect, the sulfurocus acid con-

tentsof the zir packs of all lots were plotted in figure 18. In this
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figure, the curve for lot 12h shows more clearly the strikingly lower
sulfurous acid decresses in low-moisture zpples compared to those of all
other semples. That the initiel sulfurous scid content of lot 124 aid
not dictste its order of sulfur dissppesrance smong lots wes iliustrated,
since lot 123, tne stesm-dlanched apples, nsd en initizl sulfurous acid
content of over 1700 perts per million whereas the low molsture zpples,
lot 124, hed en initisl content of 1HOO parts per million =znd this order
wae reversed after the first week of storsge when the sulfurous azcid con-
tent of lot 123 dropped to 1335 parts per million, or 132 parts per million
lower then the sulfurous acid content of lot 124, “Then, however, only
thoss lots of compareble molsture content cre considered, tue initisl
order in regard to sulfurcus acid content wee msintzined turoughout the

9 months of storsge; thet iz, lot 120, which had the lowest initial sul-
furous acid content was first to show & 100 per cent loss of sulfur; lot
121, next lowest at the start of the storage period, was next to lose

100 per cent, etc.

Quantitative sugsr and starch anslyses were made on the denydrated
epples stored st 100° F. st the same time when lots were sempled for sul-
furcus acid snd sscorbic acid determinstions. The complete results of
sugar snd starch determinstions sre given in teble 36 in the sppendix.
Lot 120, the stendard sulfuring trestment, showed the grestest chonges of
non-reducing sugars., THowever, the four lots of comparsble moisture con-
tent, lots 120, 121, 122, snd 123, showed somewnat similar sugsr changes
tnroughout the storage period. fThese figures from the four lots were
sversged znd sre compsred in tesble 1l tc the sugar determinstions of lot%
124, the low-moisture spples. These dete indieste = slow, continuous
hydrolysis of the relatively low remaining starch im botn the low-moisture

epples snd the fruit which wes 10 to 14 per cent moisture. The dats show
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PABLE 1l1. Sugar end sterch content of dehydrated Steymen Winesap
apples sealed in alr end stored for 270 dsys at 100° ¥.
Avergges of lots 120, 121, 122, end 123 compsred to

lot 124, (See sppendix tsble 36.)

Days Reducing Non-reducing Total Stereh
stored sugsrs sugars sugars

(Expressed as per cent of dry weight)

Averages of lots 120, 121, 122, and 123

0 49.9 19.9 69.8 1.63
7 49, 19.7 69.4
14 49, 19.0 68.6
20 u8.5 17.9 66.4
36 50.0 16.0 66.0
60 4g.9 13.8 63.7
90 50.2 10.0 60.2 1.56
120 52.9 8.8 61.7
150 53.8 6.9 59.7
200 57.9 10.9 68.8 1.49
210 62.7 1.3 70.0 i.m
Lot 124
0 50.1 20.1 70.2 1.
1 4g.1 16.8 ol.9 ’
20 hg.2 15.3 63.5
90 50.6 13.0 63.6
150 49.0 21. 70.3 l.hg
270 49,8 23. 73.2 1.37

a graduel incresse of reducing sugsrs after the 90th day to the end of
the storsge period when reducing sugars sversged 63 per cent compsred to
an aversge of 50 per cent at the beginning of storsge. Iz the low-
moisture spples, lot 124, this imcresse in reducing sugars did not teke
place; a very slight decresse was shown in the first 20 deys of storsge
after whicn time the reducing suger content remeined sround the originsl
figure of 50 per cent. Totsl sugars in the four averaged lots decressed
until the 150th day, after which there was an sccumalation. At the end
of the storsge period totsl sugsrs averaged 7O per cent compared to 69.8

per cent at the beginning of storage. The low-moisture spples, lot 124,
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slso showed some initial loss of total sugers, but the incresse which
followed wes greszter snd the fimel figure at the end of the storsge period
wag 3 per cent higher than st the beginning of storsge. Non-reducing
sugars showed a steady decresse in the sveraged lots, broken only by the
figure obtained after 200 deys of storage. In the low-moisture apples,
however, the non-reducing sugars decreased from 20 to 13 per cent in the
first 90 dsys, after which time non-reducing sugsrs incressed to 23 per
cent found at the end of the storsge period. Starch hydrolysis could
account for some of the incresse in sugsrs sfter the initisl decresses,
but it does not sccount entirely for the accumulstion of non-reducing
sugars in the low-molsture apples. Appsreatly other factors were operating.
To the suthor's knowledge these dats are the first suger determinstions to
be reported on dehydrated spples in relation to storsge effects. Until
further work is done on oxidative =nd hydrolytic reactions tsking place

in stored, dehydrsted aspples, the explanation of these sugsr changes
cennot be forthcoming.

To determine what effect packing in vacuum snd casrbon dioxide might
heave on suger changes in dehydrated spples stored et high temperstures,
sugar determinstions were made on the vacuum, carbon dioxide, and sir
packs of the standard sulfuring treatment, lot 120, These results are
presented in teble 12. Heducing sugsrs incressed in all tnree types of
peck, but somewhet more slowly during the initiel period inm the air pack
compared to the cerbon dloxide or the vacuum pack. Non-reducing sugars
decressed msrkedly in all packs during the storage period. In the air
pack this reduction took place rspldly whereas in the gas snd vacuum
packs the decrease in non-reducing sugers wes more gradual. Starch
determinstions indicated & continuous hydrolysis of starch which waes

somewhat more rapid end continued to & greater extent in ths sir-packed
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PABLE 12. XEffect of cerbon dioxide, vacuum, and sir packs
on chsnges of sugars and sterch in dehydrated
Steymen Winesap spples stored =t 100° F.

Days Reducing Fon-reducing Total S8tareh
stored sugars sugsrs sugers
(Rxpr(sso& as per cent of oven dry material)

r pack
0 50.8 22.0 72.8 1.65
%0 50.1 8.4 58.5 1.56
150 54,7 4.4 59.1 1.32
200 59.3 1.2 66.7 1.6
270 63. 6.7 70.1 1.34
Yacuum pack
0 b9 bt 18.8 68.2 1.64
90 55. 4 15.7 71.1 1.67
150 59.9 13k 71.3 1.47
200 63.0 1.5 70.5 1.45
270 6l.h 11.0 T2.4 1.47
COp pack
0 50.6 20.0 70.6 1.62
90 56.3 15.% 71.8 1.56
150 60.2 11.6 71.8 1.48
200 63.3 g.1 71i.4 1.49
270 64,2 7.2 71.4 1.49

epples than in the gas or vacuum packed spples.

The stages of darkening observed in these dehydrsted spples during
storage at 100° F. are suown in figure 13. Stage I represents the epples
as they sppeared after dehydration and before any storsge began., Stage II
shows the first faint discolorstion, which appesred in the esrly part of
tne storage period for somé samples. Ko hay-like odor could be detected
in gpples showing this first darkening. Further darkening is represented
by stege 1II. This further deterioration was distinguisnhed from the
previous stage by a darker color snd frequently by the development of a

slight but distinct hay-llke odor. The dlscoloration in this stege did not
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Figure 15+ Stagot of dtikeai&g observed
during storage of dsny&r&ted Finn-
*«P ®P>plet stored for 9 months at 100° f.
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extend through to the interior of the individual sections, but was
limited to the outer surfaces. Stage IV showe complete discoloration
of the sections. In this case the darkened condition was uniform in the
on@lro section, both interior and exterior, and the off-odors which were
elightly discernible in stage IIl were pronounced in this stage. The
fingl degree of discoloration, stsge V, was characterized by a very deep
brown color combined with a strong, offensive odor. At this stage the
spples were considered inedible.

The time required for the vsrious ssmples in 100° ¥. storage to
reach the several degrees of discoloration is shown in table 13, The
check lot, lot 120, sezled in sir, reached the inedible stage after 90
days of storage. With the exception of lot 123 sealed in carbon dioxide
end vacuum, and the low-molsture spples sealeéd in alr, all other samples
reached the inedible ufagc after 120 deys of storage. Tne vacuum pack of
the steam-blanched spples, lot 123 V, was clussified in stage V only at
the end of the 9 month storage period, whereas tne low-moisture aspples
at this time snowed only the first feint discolorstion. The gppesrance
of these samples nfter O monthe of astorsge compared to corresponding treat-
ments stored at 65° P, is shown in figure 20.

Fichols =nd Christie (46) reported thst denydrated spples stored
satisfsctorily in common storzge for & months if the sulfur content was
200 p.p.m. or more. This study presents some rather interesting com-
psrisons when the dsrkening 1s associsted with the sulfurocus scid content
of the fruit (table 10). The first samples to show initisl discoloration,
lot 120 sealed in air =nd carbon dioxide, hed 2 sulfurcus =2cid content at
this time of 875 and 988 p.p.m. respectively; it is important to point out
thst this discoloration took place im only 36 days et 100° ¥. Of the group

of semples (teble 13} which snowed initial discoloretion in 60 days, the



PABLE 13. Appesrance of discoloration in denhydrated
Stsyman Winessp spples stored st 100° ¥.

Nature Days to first  Days to complete  Days %o

Lote of discoloration discoloration inedible

number peck (stage II) (stage IV) condition

| (stoge V)
120 air 36 60 90
120 vacuum 60 90 120
120 o, 36 60 120
121 alr 60 90 120
121 vacuum 60 90 120
121 co, 60 90 120
122 sir 60 90 120
122 vacuum 60 90 120
122 0o, 60 90 120
123 air 60 90 120
123 vecuun 150 200 270
123 60, 90 150 200
24 air 27 - -

sfreatments: 120 - sulfured @ 10 1bs./ton, dried; 121 - sulfured &
10 1bs./ton, dried, resulfured @ 10 1bs./tom; 122 - sul-
fured @ 10 1bs./ten, dried, resulfured @ 20 1bs./ton;
123 - sulfured at 10 lbs./ton, stesm-blanched 30 seconds,
dried, resulfured & 20 lbs./ton.



STORED 270 DAYS
100'F

STORED 270 DAYS
65°F

Figaro 20* i#p«*raac* of Aobydratod Stoyman WUoaep applaa
aftar 270 Aajra of atorago at 100® F ., ofcovlag too offoet of
low nolatur* oa kaoplag quality at feigk toaparat&ro.
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sversge sulfur content was 913 p.p.m. at tnis period in storage. 7Tne
stesm-blenched spples packed in vacuum, lot 123 ¥, 414 not show dis-
coloration until the 150th day, at which time the sulfurous scid content
wes only MO2 p.p.m., wheress the carbon dioxide pack of this treatment
showed discoloration in 90 dsys whea the eulfurous acld content was

1130 p.v.m. These two ssmples represenied the extremesin sulfurcus

epcid contents of the various samples 2t the time of the first discoloras-
tion; however, the aversge sulfurous acid content of all samples at the
time of first discoloration was 881 p.p.m. snd at the time of complete
discoloration (stage IV), the average sulfurous acid content was 620 p.p.m.
Prus even though there wse considersble varietion in sulfurous soid con-
tent, sppesrance snd development of discolorstion was correlated in most
lots wita a reduotion in sulfurous acid.

The differences in initisl sulfurous zcid econtent in the non-blanched
epples hed 1little influence on color retention in the sprles during the
storsge pericd. fThe stesm-blancned spples, however, sesled in vacuum
and carbon dioxide, snowed remzrksble color retention compsred to the
other samples during storsge. Thnese differences zre very similar to thne
sulfurous scid contents recorded for the steem-blanched ssmples compsred
to non-blenched spples through the 9 months, thus offering furtner
evidence thet color retention is very closely ssasocisnted with sulfurous

acid content.
Pactors Involved in thne Sulfuring of Apples

In the fzll of 1944, Staymsn Winesep spples were narvested in &
locsl orchard snd ripened for 15 days a2t room temperature before dehydra-
tion. Careful selection of the fruit in tie orchard ineured uniformity

in size, maturity, and color of the msterisl used in this study. The
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apples were dehydrsted in the tunnel denydrator for 105 minutes at

210° F. followed by 135 minutes st 165° F. Various sulfur end blanching
trestments prior to denydration were planned to study the effect of:

the time of the sulfuring period, the concentration of the gas in the
sulfur box, the temperature in the sulfur box, 2 short steam-blanch,

and a combination of the steam-blanch with o standsrd sulfuring preceding
tne blanch. Since the sulfurous scld =nd ascorbie acid contents of the
denydrzted material were the importsnt measures of tne effect of the
sulfuring trestments, sulfurous acid snd ascorbic scid analyses were
made on dehydreted aspples after a U8-hour comditioning period. Moisture
determinations were made on samples of spples tszken from the denydrator
after the primsry drying period and sgeln when the gpples were removed
from the denydrator after the secondary drying period. Variability in
moisture content was s0 high in spple sections tzken at these stages of
denydrstion, however, that these determinations were used as & rough
estimate only of the moisture level, The moisture contents of the con-
ditioned materizl were used as = basis for comparing the effect of the
different sulfuring treaiments.

Concentration of Sulfur. Increasing the concentration of sulfur

dioxide gas in the sulfuring trestment of the fresn fruit resulted in
incressed sulfurous acid contents of %the denhydrated spples, zs shown in
teble 14, The greater sulfurous scid in the dried fruit was not directly
proportional, however, to the incressed concentraztion of the gas. The

10 pounds/ton trestment resulted in s sulfurous scid content more than
double that gained by the S.pound ireatment. On the other hand, the

20 pounds/ton spplication resulted in an incresse of only 4l p.p.m. of
sulfurous acid or a smell per cent of incresse over the 1l0-pound treat-

ment; this incresse was probasbly not significeant.
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TABLE 1k, Zffect of sulfur dloxide concentrstion on the
sulfur retention, moisture, ascorbic acid, and psroxidsse
sctivity in dehydrsted Stsymen Winessp spnles.

Rete of § Per cent moisture i Ascorbic : Sulfurcus :
:?%f?;igi): P:f:;:y : :ﬁ:;:; :(m§:Z;§g 7. : (pfﬁf:.) : oii;:;o
: drying : ticning o :
0 : 41.9 : 13.2 5.2 X 31 : 5 plus
2 : 9.4 ¢ 10.6 : 116 : 337 ¢ 2 plus
5 ¢+ W31 ¢ 12.7 : 11.5 571 : 3 plus
10 6.2 11,4 1.5 1388 : plus
20 u5.9 : 13.3 : 1.8 1429 -

The ascorbic acid content of thne denydrated frult wss nearly the ssme
for sll sulfured spples, regardless of the smount of sulfuring or thre
emount of sulfur retasined. The check treatment in which no sulfur was
used resulted in s marikedly lower retsantion of ascorbic acid. Tnis 4s in
agreement with the report of Morgan end Fisld (N1), which preseatsd
evidence to show thet umsulfured fruit lost most of the orizinsl anti-
scorbutic properties in dehydr;tion, wnereezs sulfured frult lost very
little in tne same process of denydration, The dats in table 14 indicate
that very little sulfur dioxide wass necessary to reduce the loss of sscor-
bic ecid during dehydration. According to tnese figures, sll sulfur (as
sulfur dioxide or sulfurcus acid) over the amount which wsg sbsorbed and
retsined by the 2-pound spplication was in excess of thet needed during
denydration to conserve ascorbic scid, and would be of use only under warm
storage conditions. This is in agreement with the view of Morgen, Field,
end Nichols (42) who established e minimum sulfur retention velue of 450

%o 500 p.p.m. for prunes and apricots, beyond which little protection of
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vitamin C is afforded. These suthors stated that conservation of vitemin
C in prunes and spricots during denhydration is the only function of sul-
fur, and thet this protection ls of little importsnce in storage unless
temperatures sre unusually high.

According to Cruess (16) and others, sulfuring plasmolyzes the cells
and renders sulfured fruit more subject to repid drying. The data in
table 14, nowever, indicste that the heavily sulfured aspples dried more
slowly in the primary veried than the lightly sulfured mesterisl, as shown
by the moisture contents 2% the end of the primaery drying period.
whereas the spples sulfured at 10 and 20 pounds/ton had dried down to
U6 per cent moisture st this point, the spples which received the P-pound
treatment end those which were not sulfured had dried down to 39 and 42
per cent moisture respectively., Since tnis slower drying in heevily sul-
fured apples is shown again ia later dats, it is apnarent that the
asgociation of more rapid drying of other fruits with heavy sulfuring, as
mede in the sun-drying industry of the west, mey not spply in denydration
of apples or even other fruits.

Moisture contents after conditioning do not reflect these differences
which were found at the end of the primery period.

Time of Sulfuring. Increasing the length of time the epples sre

subjected to sulfur dioxide hsd the effect of increasing the absorption
and retention of sulfur by the fruit, but only up to 60 minutes of sulfur-
ing, as shown in table 15. The 60-minute trestment resulted in a 43 per
cent incresse in sulfurous acid content of the denydrated fruit, whereass
the 120-minute treatment did not result in any increase compared to the
60-minute trestment. Agein, there is evidence of more rspid drying in

the lightly sulfured fruit compered to the heavily sulfured spples as

shown by molsture contents ranging from 42 to 51 per cent at the end of
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TABLE 15. Effeot of time of sulfuring on the
sulfur reteation, moisture, ascorbic acid, and
peroxidase sotivity in denydrated Stayman
¥inesap apples.

E : H H
. Per cent meisture ., Ascorbic , Sulfurous :
Sulfuring . s " s acid : scid . Per-
time : a::‘r : af‘;: : (l&-/lc(} g : (PoP.E.) : oxidase
(minutes) , PFmary . comdl- . = sy wt.) .
;. Grying tioning : . :
0 : W9 o 13.2 5.2 3 31 ¢ 5 plus
: : : : :
30 k2.6 ¢ 1T 11.4 : 122k plus
60 : 6.9 : 1k.2 : 1L.5 : 1735 :  plus
H H : 4 :
120 : %l.0 : 13.0 : 12.0 H 1735 -
: 2 ! 4

»»

the primary drying periocd. At the end of the conditioning period sll
treatuents reached a somewhst similar molsture content, whioch did not
vary consistently compared to no sulfuring.

The sulfured spples, compared to the non-sulfured spples, showed
marked reductions in the loss of ascorbic acid during dehydration. As
measured by ascordbic acid content, there wes no significently incressed
protection afforded vitemin C as a result of increesing the sulfuring
time; the differences shown in ascorbic acid content among sulfur treat-
ments sre sssumed to be within the range of experimentsl error end
therefore not significant.

It is interesting to mote in tables 1k and 15 that the sulfuring at
20 pounds/ton and the 120-minute sulfuring at 10 pounds/ton resulted in
materisl which gave a2 negative peroxidase test. In the dehydration
industry it has been felt that no smount of sulfuring would destroy
peroxidase, but here is evidence that hesvy sulfuring will result in
spples which will not produce a color resction with gusiacol. This will

be discussed more fully later.
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Tempersture During Sulfuring. Teble 16 presents the results of

sulfuring spples at incressing temperstures from 59° to 150° ¥. Increasing
the temperature of the sulfur chember from 59° to 108° F. resulted in a
greduel incresse in sulfurous acid content of the dehydreted spples. The
134° trestment, however, resulted in s slightly decreased sulfurous scid
content compsred to the 108° treatment, whereas the 150° trestment resulted
in the higheet sulfurous acid content obtained in this series of treatments,
but the incresse over the 108° treatment is not in proportion to the
increzses obtained in esch tempersture rise from 59° te 108° ».

TABLE 16. Effect of sulfuring temperature on sulfur

retention, moisture, ascorbic scid, znd peroxidese
sctivity in dehydrated Staymsn Winesap spples.

Temp. of : Per cent moisture :Sulfuroua Ascorbie
chamver | olter o after e (6100 g,  oxidas
(°r.) | drying tioning . dry wt.)
59° 42,6 14.8 1214 11.h plus
67° 46.2 11.% 1388 11.5 plus
86° b5.1 11.9 1h69 11.5 plus
108° 34.9 10.2 1571 12.2 plus
134° 48.1 18.4 1520 9.2 plus

150° 52.3 15.6 1663 10.0 plus

Although the moisture contents of the debydrated spples did not show
any consistent proportional relaticn to temperature treatments during
sulfuring, the spples sulfured at 134° and 150° dried the slowest of all
treatments and had the higheet final molsture content. The apples sul-
fured at all lower temperatures dried more rapidly snd resched s lower

final molsture content, but 4did not show a consistent trend towards the
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slow drying £nd high moisture of the fruit sulfured s% the highest
temperztures. Since the fruit sulfured st the higher temperstures in
the sulfur chember went into the dehydrstor in a warmed condition, i$
wes expected to dry more rapidly thsm the fruit sulfured at lower tem-
perastures, but the reverse wez true. It is possible that the outer
surfaces of the spple sections dried more repidly in the initisl stage
of dehydrstion snd formed = crust or hard lesyer of cells imperviouz to
movenent of water from the inside; if true, this is an exsmple of %case
herdening" zs described by the indusiry.

Pisher, et al. (26) reported thet prolonged, high-temperature sul-
furing of soft fruits resulted in 2 mushy product which dried more slowly
and stuck to drying trays. In this work, though ao prolonged periods of
sulfuring were used with nigh temperstures, the high temperature treat-
ments resulted in s high guality product which showed no tendency whatever
to stick to the drying Yrays, although soméwhat slower drying was observed
in spples sulfured at 134° and 150° F. When the trays were removed from
the sulfur chember, the zpples which were subjected to temperatures above
108° F. were somewhst mushy on the outer surfaces of the individusl
sections. This breskdown of cells was limited to the surface cells and
did not extend into the interior of the sections. From ths viewpoint of
handling, however, the high temperature treatments were not at all
objectionable.

The aseorbic scid content of the dehydrated fruit showed no outstand-
ing differences between the 53° to 108° treatments. The 134° snd 150°
treatments, however, resulted in dehydrated materizl of & lower asgordic
acid content. Though no ascorbic acid determinstions were mesde on fresh,
sulfured spprles before dehydration, it is possible that some ascorbic acid

was lost in the sulfuring process when the two highest temperatures were
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used. This could be due to both the high temperatures snd a relatively
high humidity which usually prevailed in the sulfur chember.

Stesm-blanching. The effect of & steam blanch used with and without

sulfuring is shown in table 17. The use of a standard 3O-aminute sulfuring
followed by & 30-second steam blanch resulted in the highest sulfurous
acid content in the dehydrated apples of ell trestments used in this entire
sulfuring study. This result was indicaeted in earlier work when a stemm
blanch was used im one of the treatments for the 194l storsge work alresdy
deserided. In addition to producing the highest sulfurous acid content,

TABLE 17. Effect of & standard J0-minmute sulfuring

at 10 pounds per ton oompared to & 3O-second stemm

blaneh on ascorbiec acid, moisture, sulfur retention,

and peroxidase sotivity in dexydrated Stayman wine-
sap spples.

Per cent molsture

x Ascorbie
Trestment | after after . Sulfurous acid Per-
before . primary condi- | secid (mg./100 g. oxidase
drying . drying tiening , (p.p.m.) dry wt.)
Ko treatment 4.9 13.2 1 5.2 5 plus
30-sec. bdlanch 38.6 8.3 10 8.0 plus
30-min. sulfur-
ing k2.6 14.8 121k 1.4 plus
30-min. sulfur
plus blanch 45.5 1.k 1913 10.2 minus

the sulfur plus steaz-blanch treatment resulted in fruit which showed no
peroxidase activity whatever, and which had a somewhat reduced, but stil}
high ascorbic acid content. A small smount of sulfurous scid, 31 end 10
p.p.m. respectively, was found in the check treatment snd in the blanch~
only treatment indlcating that some sulfur was picked up in the dehydrator

from the trucke which had been sulfured. Blanching alone resulted in the
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most rapid drying snd the lowest finsl moisture content of the four
treatments considered. BPBlanching sione resulted in considerably more
ascorbic scid than 4id no blanching, but sulfur was necessary for maximum
conservation of ascorbic ecid during denydration. In the blenching treat-
ments, it is recognized that some of the ascorbic acld wss lost in the
blanch treatment itself.

Semples of all treatments used in this entire study weze recon-
stituted in cold water (17° C.) for two hours. Results calculated as
per cent of initial moisture recovered showed no significant differences
due to any of the sulfuring treatments, so the dats are not given in this
paper.

Effect of Ripeness of Fresh Apples on Quality,
Yield, aznd Reconstitution of Dehydrated Apples

For this study spples werse dehydrated at the following intervsls
during the storage sesson: (1) harvest, (2) the middle of the ordinary
commercisl storage period (December), (3) near the end of the commereial
storage period (March), and (4) past the commercisl seascn (June). Three
verieties, Stayman Winesap, York Imperial, and Rome Besuty were dehydrated
in this work, and, ss em index of maturity im each variety, pressure tests
were made before each dehydration. The prepared fruit was dehydrsted in
the cabinet denydrstor for two hours at 175° P. followed by 2} hours at
165° ¥. All dehydrated spples were conditioned for 4& hours and sesled
in %ia cans in air for chemical snalyeis which was mede as soon as
possible after dehydration. Fresh azpples were analyzed the sesme day the
sprles were debhydrated.

In table 18 is recorded the yield, moisture content, =nd ascordie

acid content of the dehydrated fruit of esch vaeriety. There was considerable
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TABLE 18. Anslysis of Stayssn Winesesp, York Imperial,
end Rome Besuty spples dried st intervals during
tne etorasge period.

) Per cent moisture : Ascorble scia
Aversge R .
Date pressure Yield : dried ; fresh dried per cent
dried test (dried . fresh after and : fruit fruit loss
(pounds) lvs.) = fruit primsry condi- ' (mg./100 g. (mg./100 g. in
: drying tiored *  dry wt.) dry wt.) JAdrying
Staymen yinesap
10/12/43 - 3.50 79.3 56.5 3.8 15.4 12.9 16.6
12/ g/ua 12.4 3.60 83.9 58.7 9.6 8.1 6.3 21.6
2/2g/k 8.9 3.82 83.1 58. 4 11.0 7+3 5.3 21.7
G/14/un 8.7 3.60 82.8 58.9 12.6 7.3 5.9 18,2
Rome Besuty
10/29/43 15.3 3.5% 85.3 61.7 10,2 11.2 9.7 13.1
12/ 6/ha 1.k 3.35 85.1 60.8 12,4 10.1 8.5 1%.2
3/ 1/h 10.4 3.47 85.2 59.5 3.0 1.5 6.k 15.8
6/13/ul 10.3 3.40 85.7 59.0 il.1 7.1 6.1 1k.8
York Imperisl
10/29/&3 19.5 3.60 83.1 56.2 3.2 19.8 14.8 25.1
3/ 1/4 15.6 4,10 82.3 55.0 3.3 9.0 7.5 16.9
6/13/uk 12.2 3.70 3.4 55.0 11.9 10.3 8.4 18.1
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TABLE 19. Suger content of fresn and dehydrzted spples

dried =t intervals during the storage period.

Dehydrsted

As per cent of dry weight !

Date As per cent of wet weigpt H

aried :

: Reducing reducing Totsl ' Reducing

sugars

A8 per cent of wet weight :

As per cent of dry weight

Non-

reducing Totel : Reducing reducing Totel ° Reducing reducing Total
sugers sugsrs

Staymen Winessp
10/12/u3 6.9
12/ z/ﬁg 8.0
2/29/ 7.9
6/1h/uh 8.6

Rome Besmuty

York Imperisl

10/29/u3 8.1
3/ 1/uk
6/13/bk 0.1

sugsrsy; sugars
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varieties, the fresh spples showed an increase in total sugars froa
October to February, followed by a decrease. Thie was reflected in the
dehydrated spples by corresponding changes. The dried spples showed a
high total sugar content regardless of when the spples were dehydrated;
this is in agreement, 28 to quantity, with the sugar dste previously
reported in this peper. Home and Staymen spples showed a greater total
sugar content after dehydrstion than defore, whereas York spples decreased
in total sugars in esch dehydration of this variety. %Pwo facters could
be operating in debydration to produce changes in sugars within the
apples. It was expected thal the heat of the dehydration process would
step up respiration in the initisl stages of drying, theredby reducing
the sugar content in the spples. On the other hand, there could be
hydrolysis of starch and hemicelluloses during dehydration to produce

an increase in sugar conteat of the dehydrated material. ?These dsta,
however, were not intended %o present s detalled ascocount of sugar changes
in spples during dehydrastion. This work does indicate that changes in
sugsrs teke place during dehydraztion, but that thess ghanges were not
uniform in different varieties, or in the same variety dried at differ-
ont intervals in the storage season.

The reconstitution of dehydrated York Imperial spples in cold water,
reported in table 20, showed a tendenmcy for increased recovery of initiasl
moisture as the period of storsge of fresh fruit wes incressed. Apples
dried in QOctober recovered I3 per cent of initial moisture in the 2-hour
reconstitution period, whereas apples dried in June recovered 57 per cent.
The reconstitution of Rome and Steymsan spples, shown in tables 37 and 38
in the sppendix, resulted in considersble varisbility in smount of
moisture recovered. In each of these two varieties, there was no trend

in moisture recovery associasted with length of the storsge period for the



TABLE 20. Reconstitution of dehydrated York
Inperial spples dried at intervals
during storage.

Time ! per cent of initiel moisture recovered

srat:r‘ : Dried i Dpried : | Dried
(minutes) | 10/29/83 1 3//Mk 1 6/13/b
0 : 1.9% : 2.19 : 2.68

20 : 21.39 : 25.98 i 28.04

ho : 28.62 : 33.11 : 36.49

60 : . 32.52 : ho.24 : h3.25

80 : 35.8% : 45.01 : 47.76

100 : 39.74 : 48.57 : 52.27
120 2 43.08 2 52.1% E 56.78

*Temperature of water - 25° ¢,

fresh spples. Though more moisture is picked up by dehydrated spples when
reconstituted from 2 t¢ 12 hours, the relative differences between ssmples
in smount of moisture recovered is not chenged by extending the recon-
stitution period beyond 2 Mours. MNoreover, this period of 2 hours is
double the sosking time required by the aray (2) for cooking purposes.

All lots dried in this study were of excelleat sppesrance and edidle
quality when dried and when reconstituted. This was true even of the
spples dried im June, well past the commercial storsge sesson for the
fresn fruit. Perhaps the only difference between the lsst lots asnd those
dried earlier in the storage sesson was the somewhbat lighter color of the
dried sections in the former. Also the spples dried ia June had a ten-
dency to stick %o the drying %rsys more then firmer spples of tne esrly

pert of the storage season. This characteristio, however, wes not suf-

ficient to be objectionable in handling the spples.
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DISCUSSICE

The primary objective of sany method of food processing is to preserve
as much of the fresn food quality, flaver, and sppesrsnce as possible;
this preservation, of course, must be obtained not oaly im processing but
in subsequent storege as well. The present study has shown thet quality
in dehydrated spples, measured by asoorbdic acld and darkening, cean dbe
lost or retained to a considerable extent in both dehydration and storasge.

During the dshydration of aspples, oxidation of ascordic acid in the
fruit is influenced by the drying temperatures used, the drying rate, the
relative numidity in the drying period, the variety of apples, and by pre-
drying treatments. Ascordic pscid losses up to 80 per cent were recorded
when high temperatures or high humidities were used in the cabinet dehy-
drstor. In the tunnel machine, however, there was no greater loss of
asoorbic scid when the primsry temperature was neld at 210° F. than was
the case when the primery tempersture was es low as 175° ». This differ-
ence between drying equipment was undoubtedly due to the more rapld drying
rate essoclated with the lower humidity which prevailed in the primary
tunnel, s8 compared to the unavoidable higher humidities in the cabinet
denhydrator. Consequently, the home dehydrastors of the cabinet type, with
relatively low alr velocities and high mmidities, canmnot de operated
without considerable losses of ascorbdic acid in the drying of foods.
Moreover, sprlication of results obtained in experimentation with small
cabinet machines to commercial dehydration would st best be difficult.
Meximum retention of sscorbic acid, therefore, seems to depend on attain-
ing 2 rapid drying rate through use of high temperatures together with low
relative humidity, maintzined by high alr velocity end controlled recir-
culation of air through the machine.
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more than compensate for the initlal differences in color and general
gppearance, and therefore, the initial effect on color would not be suf-
ficiant to discard blanching as 2 pre-drying treatment.

Although Brown, et al. (10) recently proposed that blanching alone
might be sufficient for preservation of fruits snd vegetables, the present
work showed thet blsnching without sulfuring ias 1gadtqnato to preserve
qusality and color in dehydrated apples. Blanched spples which were not
previously sulfured exnibited discoloration even bdefore the spples were
placed in the dehydrator. Blanching alone, moreover, did not result in
the high degree of ascorbic acid retention during dehydration that was
obtained by sulfuring alone. Sulfuring plus blaachimg, on the other hand,
resulted in the longeat storage life in spples of about 12 per cent mois-
ture stored at 100° P. Thus some marked improvement of keeping gquality
as well as rate of drying of sprles can de effected by s pre-drying treat-
ment combining blanching with sulfuring.

Contrsry to the report of Hichols and Christie (46), this paper
presents evidence to show thst high sulfur absorption and retention wes
relatively essy to accomplish in the dehydration of apples. The possible
maximam of W50 perts per million, reported by Nichols and Christie ss the
greatest smount of sulfur possible to get into apples, was shown to de
extremely low. By increasing the conoentration of the gas in the sulfur
chamber, the temperature of the sulfur chamber, or the length of time the
spoles are sxposed to sulfur, or by combining sulfuring with a short
stesm dlsnca, the operator ean easily get retention of 1800 parts per
million or more of sulfur after dehydration. It must be emphasized slso
thet sulfuring of spples up to tnis high level was done within commercisl
praoticability. Tmus if a commercial dehydrating plant were czlled upon

to produce spples of increased esulfur content, this could be sccomplisned
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by incressing the concentration of the sulfur dicxide gas together with
raiging the tempersture of the sulfur chomber to perhsps 100° F. In this
manner the sulfur content of the aprles could be markedly raised without
increasing the lengtk of time of the sulfuring paricd for easch unit of
trays, s& time 1s ususally =n laportant fzctor in handling of food prior
to processing. The use of a steam blanch in addition toc the sulfur treast-
ment for further increasing sulfur retention has glresdy deen proposed.
Resulfuring of fruit efter dehydration has besn sald to 244 nothing
to the protection of vitamin C in prunes and spricots during storage (42).
The resulfuring of dehydreted fruit, practiced in the west for many years
to bleach fruit after certzin periods of storage, is 2% best 2 very
inefficiont method of increasing the sulfur coantent, since dried fruit
gbsorbs far less sulfur dioxide than fresh fruit. It would seam fros this
work, bowever, thet some adventeoge was gelned by additionsl sulfur ob-
tained in resulfuring éried =zpplex. 1In those treatments in which resul-
furing wss used, 2 longer storage life resulted in proportion to the
smount of sulfur which wae in the frult at the beginning of storeage.
Thoug:: the blanched spples, lot 123, hed the highest sulfur conteat in
thie study, it is dqubtful that much of this sulfur wees sdded in the
resulfuring process. THowever, retention of sulfur wes improved in this
trestnent by some megns. It is apparent that a more practical method of
preventing excess oxidation of ascordlc scld and of preserving celor in
dried spvrles would be to get the sulfur into the apples before dehydra-
tion ratner then rely upen resulfurinz to do even part of the job; thiae
is especially true when apples are dried to a low moisture content. The
data do not sgree, however, with the contention that resulfuring gcen add
nothing to sscorbic seid conservation in dried apples. Resulfuring does

incresse ascorbic seid retenition, but only to the extent that sulfur content



is retained in subsequent storage.

The mechenism of the sction of sulfurous acid in dehydrsted epple
tissue is little understood. Since sulfur content is correlated with
color retention in dried fruits, snd since engyme systems sre kmown to
eperate in fresh tissue to produce dilscoloration, there can be ne doudbt
that sulfur - either in the form of sulfur dioxide or sulfurous acid -
in dried fruit has some relatiomship %o imhibition of ensyme sctivity.
Although the enszyme systems in fresh spples have been studied, prac-
ticelly no information could be found in the litersture concerning the
enzyme activity in dehydrated spples. An attempt was made during the
course of this work %o study oxygen intske and carbon dioxide output in
dried spples using the Warburg spparatus (53). With dehydrated Staymam
¥inesap apples which gave 2 positive qualitative peroxidase test, the
following compounds were studied separately: catechol, I-~tyrosine,
hydroquinone, P-cresol, resorcinol, phenylenedismine, and guaiacel. Any
oxidative reaction which might have tsken place, however, wes not mees-
urable in this apparatus, so the atbempt was sbendoned and oaly
qualitative determinations of peroxidase have been reported im this
paper. All peroxidase tests mede on fruit which was dehydrated in the
cabinet drier were positive; maeny determinations of peroxidsse made on
fruit which was dried in the tunnel machine were megstive. For exsmple,
all spples which were dried in the tunnel dehydrator using a primary
temperature of 175° F. showed a positive peroxidase test; nearly a2ll
spples dried in the tunnel machins at a primary tempersture of 210° 7.
showed & negative peroxidase test. Is it possidle that high primary
drying temperstures used in dehydration together with the sulfur in the
frult destroyed peroxidase during the dehydration process? Experience
in the industry would indicste that this is not true, and in this work,
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drying at 210° 7. in tne tunnel denydrator did not always result in a
negative peroxidase test. However, s detsiled study of sulfur treat-
ments in later work snowed that sulfurous acid is a definite factor in
breaking up enzyme systems in dehydrated spples.

Balls and Hale (5) stated that darkening of fresh spples is a
resction catalysed by peroxidase, and that the formastion of hydrogen
peroxide by a respiration engyme - which uses molecular oxygen - is a
necesssry preliminary step to the darkenlng reaction. They stated,
furtber, that ia the sbsence of air, the tissue darkens only until the
peroxide present is completely utilized, and then continues further only
upon the addition of peroxide or upon re-exposure to alr whem the perox-
ide is agsin produced engymicelly. If s similar system operztes in
denydrated spples, them it remains to be explained why dsrkening teok
place almost as rapidly in samples sesled in csrbon dioxide and in vacuum
as it did in semples sealed in sir. Overholser and Cruess (52), inm study-
ing tne dsrkening of fresh spple tissue, indigcated that sulfur dioxide
prevented the darkening by acting with the orgsnic peroxide (considered
by them to resemble hydrogen peroxide) rather thsn witn the enzyme,
peroxidase. If this action tszkes place in denydrated epples, the actual
decreases in sulfurous scid should be correlsted with the appearsnce of
derkening. A correlation of this sort was noted, but some variation
existed and the association was not a close one with similer reductions
of sulfurous acid for all samples which showed a certain stage of dis-
coleration at a given time.

In the qualitative peroxidase test with various lots of dehydrated
spples, varistions in the color intensity of the reaction were produced
by differentiasl sulfuring. Considering the prevelent opinion of the

industry, it was assumed at first thet no smount of sulfuring would
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correlated through the storsge period. In the work on dehydreted aspples
stored at 100° F. the discoloration of the epples in the later stages of
storage so colored the ascorbic soid extrsct that the determination of an
end point in the titration was imposeible. However, st this period of
storage tne sulfur content of the spples was reduced to e very emall per-
centage of initisl sulfur, or no sulfur at 211, as wes the csse of some
saxples. Tius it is sssumed thet the associstion of sulfur end escorbic
acid would still hold for the last part of the storsge seazson,

The dissppearsnce of sulfur in stored, dehydreted spples hes been
studied by Niehole end Christie (L6), who proposed s poesible reciprocal
relstionship between moisture content of the dried fruit and the extent
of conversion of sulfur to some other compound. Im fruit of higher mois-
ture content (about 24 per cent, or nesr the legel limit) they postulated
thet derkening waes due to the formetion of sulfuric acid by the resction
of sulfurous scid with oxygen in the fruit, but steted thet the possidle
sulfuric secid concentration in the fruit with which they were working was
probebly not sufficient to ceuse the darkening by charring sction. This
legsves their further assumption that the darkening wes due to changes in
plent pignents. Some of the results obteined in storege of dehydrated
Steymsn spples st 100° F. support indireetly this theory of reciprocal
sction of sulfur end water. In this study, spples which were dried dowm
to gbout 3 per cent moisture showed & lose of spproximately 50 per cent
of initisl sulfurous scid compsred to a loes of 81 to 100 per cent iam all
other trestments in which the molsture content of the spplee was about
12 per cent. Thus the conversion of sulfur in the 3 per cent spples was
roughly only helf thet which took place in the 12 per cent epples. I%
would seem, further, thst the &ncrea;es in pH found in stored, dried

spples would egleo support this reciprocal theoery. These decresses might
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have Deen bdrought about dy oxidation of sulfurcus acid to sulfuric scid,
wherein the totsl acidity need not change but the sulfuric acid is more
highly 1lonized. It wes shown in later work, however, that sulfurouns scid
retention was markedly influenced by storage temperasture. Thus it cen be
assumed that in the first storsge work the common storage temperstures
were high enough in initial months to produce a rather repid decresse in
sulfurcous acid in the stored apples, whereas the cold storage would not
show =z corresponding rate of decrease of sulfurous acid. wWith this
assumption as a basis, it is suggested, then, that oxidation of sulfurcus
acid to sulfuric acid could have had no relation te the reduction in pg
in stored spples singe the pH of =211 four varieties stored showed a
similar rste of decresse in both cold and common storsge. This suggestion
is in agreement with the work of Morgen and Pield (41), who found mo
relstion between pH of dried fruit and sulfur content.

That sulfur gontent does not agcount entirely for color retentieon
in denydrated fruit has deen reported by Mrak, et al. (45), who recorded
8 50 per cent loss of sulfur dloxide in dried epricots during & G-month
period with no sccempsnylng deterloretion of color in the fruit. In the
present work, the sulfurous acid content of spples when initial darkeming
was evident ranged from 400 p.p.m. to 1100 p.p.m. In szpnles of s com-
parable moisture content, s reduction in sulfurous szcid was usually
eccompanied by darkening, but the specific sulfur coatent of the apples
at the onset of darkening renged considersdbly. In the low.molisture apples,
however, derkening 414 not show s close correlztion with reduction of sul-
farous scid, since inltiel dsrkening was observed in these spples only
after 9 months of storzge; at this point the sulfurcus s=cid hed been
reduced to zbout 51 per cent of the initisl velue. Time it wonld seem
that desrkening is essociated with sulfur content to = considerable extent,

but only at a2 given moisture coantent.
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Storage temperature is the most importent factor in the preservation
of denydrated epples. A storasge temperasture just above freeszing was the
most satisfactory for long keeping of this product, but 2 constant tem-
persture of 65° F. was nesrly es effective in preserving the spples as
toe near-freezing temperature. When the common temperature was sllowed
to fluctuate widely from 65° F., however, the deteriorstion of spples took
place more slowly or more rapidly, depending upon the direction snd the
extent of the temperature varistions.

It is gpparent that for preservation of color snd quellty of dehy-
drated zpples in storsge, high sulfurous acid content in the spples was
more important then packing in vacuum or an inert gas in sir-tight con-
tainers. Some differences were shown indicating a greater rate of
deterjioration in apples packed in eir compered to fruit sezled in vacuum
or carbon dioxide, but these differences were not as great as were the
variations between treatments which produced differentiel sulfur con-
tents in the fruit. with the exception of the low-molsture apples, the
sulfured snd blasnched spples used in this study had the longest storsge
life correlzted with the highest initial sulfur content. 4is slready
pointed out, it is not clesr how much of the sulfur was added by the
resulfuring after dernydration, but the fact remaine tnat this fruit con-
toined over 350 p.p.m. of sulfur more then lot 122, which was resulfured
et the ssme rate, but not stesm blanched prior to denydration. Thus it
is clear that the blanched spples were superior to the others of & com-
parable meisture content because of the hnigher sulfur retention. The
effect of blanching on later storage benavior is uncertain beyond the
influence of its grester sulfur content.

The combination of relstively high sulfur with low molsture is

undoubtedly the answer to maximum retention of quality in dehydrated
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apples in nigh temperature storsge. By reducing the moisture content of
epples in dehydrstion to 3 per cent, the storsge life of denydrated spples
wae extended to a minimum of 9 months compered to & few days at 100° ¥.,
which wes the extent of the storsge life of sprles dried to about half of
the commercisl moisture content. It is interesting to note that the 3
per cent spples had an initisl sulfurous ascld content which was slightly
higher than the sulfur content reported for spples which received the
standard sulfuring and drying. It has been reported dy Long, et al. (35)
that most of the sulfur lost in dehydrstion 1s lost in the initial stages
of drying, after which time the rate of loss 1s negligidle. Presumadly,
the additionsl drying of spples used in the storsge work removed little
of the sulfurous acid from the fruit. Phus some of the higher sulfurous
ecid content reported for the low-moisture zpples wes due to & removal of
more moisture in the sdditional drying, and consequently, there remeined
a higher dry mstter content which would tend to raise the sulfurous secid
content reported on a wet weight basis, on which basis sll sulfurous acid
determinstions in this peper were calculated. The performsnce in 100° ¥.
storage clearly shows thet low moisture combined with s relatively high
sulfurous acid content is paramount to keeping quality of denydrated
apples in nigh temperature storage. Packing such fruit in vacuum or in
an inert ges would possibly extend even further the storsge life of this
product.

The practicel implicstions of this informstion are obvious. The
legel 1imit of moisture content for denydrated epples is still 2k per cent.
This is entirely too high for any extended storsge period st temperastures
much above 65° F., but is satisfactory for fruit which is to be shipped

immediastely to 2 vecuum dehydretion plant for further processiag inte
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apple nuggets*. TFor purposes of a lend-lease shipment and for purposes

of & possible comamercial domestic industry after tne war, the necesssry
storage period snd the temperstures to which the fruit will be subjected
are very often unpredictsble. In 2z study of tunnel drying under pilot
plent conditions, Schrader end Tnompson (57) have shown thet spples cen

be dried down to § per cent molsture or less in a peried of 5§ hours using

e primary tempersture of 210° ¥. Thus to supply the future retsil market
with low-moisture spples of long shelf life, the processor nhas the possi-
bility of drying apples down to a low molsture content im a2 tunnel machine
without significsntly incressed operating time or costs. Under the present
conditions of war, it is possible to supply the armed forces smnd lend-lease
asgencles with s product which is usable under hot tropicel or sub-tropical
conditions, and producible at rsather low cost in existing tunnel dehy-
draters of this spple-producing sres or simllar aress so equipped. This
work has demonstrated further that similar gquality in dried szpples gen de
produced at various stages of ripeness, slthough the storage behavior as
affected by ripeness of the fresn fruit was not tested. However, it dces
show that apple dehydration can extend even beyond %the commercial storsge
gsesson for fresh apples.

It nes been shown that the loss of ascorbic scid in sprles can be
held to reletively low levels in both dehydration and storsge. Such infor-
mation is of value in the vitamin fortification program put forth by the
ermy for military retions. Though spples are not s good source of vitamin
C, tiis vitemin, as measured by escorbic acid, is relatively stable in
denydrated spples under optimum storsge conditions. Therefore, it would

be fessible to use denydrated apples as a focd to be fortified with vitemin (.

*#Dehydrated spples (24 per cent moisture) dried further in vacuum
dehydrators to a moisture content of 1 per cent or less for éxclusive use
by the armed forces,



SUMMARY AND CONCLUSIONS

1. 7Four leading commercial varieties of spples, York Imperial,
Staymen Winessp, Rome Beguty, and Ben Davis, were dehydrsted in a small
cabinet dehydrstor and in a %pilot®" tunnel st primary temperatures
renging from 145° P. to 210° F. High bumidity and a high temperature of
190° F. in the cabinet machine were detrimental to retention of ascordic
scid and to rapid drying of ths epples. In the pilot tunnel, where
greater air veloolty and hence low humidity throughout the denydration
period were possible, e primary temperature of 210° ¥. wes found to be
completely satisfactory with relatively low loss through oxidation of
ascorbic acid or reduction in quelity of the dehydrated product.

2. Lloss of ascorbic asid in the dehydration of applas wzs held down
to 25 per cent or less with proper humidity, temperature, and eir velocity
conditions., Excessive bumidity or tempersture, or both, resulted in loss
up to BO per cent of ths original aseorbic scid. Optimum prisery tem-
persture for tne cabinet machine was found to be 175° F., for the pilot
tunnel, 210° ¥. Secondary temperature for both machines was held at 165° ¥.

3. Storsge investigations resulted in satisfactory preservation of
denydrated spples st a comstznt temperature of 65° F. However, when wide
fluctustions above this figure were used, darkening and ascorbdic acid loss
took place rather rapidly. Storege of spples at 100° ¥. or more resulted
in a very rapid deterioration, especislly when sulfurcus acid retention
wes low. Storage at 33° F. was the best in all cases, but only slightly
superior to 65° F. storasge.

4, High sulfurous acid content was & very importsnt factor in
adequate preservation of dehydrated spples which have a moisture content

of 12 per cent or more. Sesling epples in vacuum or cardonm dioxide had
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to tne high sulfur retemtion.

12. The amount of sulfurous acid retained by epples cezn be incressed
by ralsing the teamperature of tune sulfur chember during sulfuring, by
increcasing tne concentration of the sulfur dloxide ges in the chamber,by
incressing the length of the sulfuring period, and by stesm blanching
after a stendsrd sulfuring. The hignest smount of sulfurous acid,

1900 p.p.w., retained after denydration was obtalned by using the stamdard
30-minute sulfuring followed by a 30-second steam blanch.

13. BHo advantage as to quality or chemical content of the product
was found by dehydrating apples at any one of four intervals from hervest
to the following June, well pest the commercisl storege sesson for fresh
epples. Yield, molsture content, ascorble scld content, =nd sugar data
showed some unézplsinable variations, btut no trend associated with ripensss
of the fresh truit. However, greater peeling loss, decey loss, snd develop-
ment of softness osn be cited as ressons for attempting to get spples
denydrated before the end of the normal storesge sesson for a particulsr
veriety of fresh spples,

14. Interpretation of qualitative peroxidase tests, as applied to
storage deterioration of dehydrated apples, is considered impossible in
view of tne limited knowledge of enzyme activity in dried spples. Semi-
gquentitative peroxidase determinations are given using the qualitstive
guesiacol test, and evidence is presented to show %that 2 negative test can
be obtained by sulfuring alone. Also, varying degress of coloration ean
be obtained with guaiacoel in dried apples depending on the degree of sul-
furing. However, the significance of this 1s not known. Hign temperatures
in the tunnel dehydrstion resulted in some negativo peroxidese tests, thus
suggesting that dehydration may itself serve to destroy enzyme systems in
sulfured fruit.



PAE® 13
DEEYDRATION OF LIKA BEANS
REVIEW OF LIVLRATURE

¥o reports could be found in the litersture conceraimg ascorbdic seid
in the dehydration of lims besns, and very few papers were foumé recording
tos ascorbic sold content of fresn beans. Walker (66) hae reported lima
besns to very in ascorbiec acid content from 16 to 29 milligrms. per 100
grame wherecs Ersmer (29) found s range of 28 te b6l milligrams per 100
grems in six varieties grown in Msrylemd. That sscorble acid ie higher
in green besns compared to white ones, sad higher in sm=ll besns compared
to large onee has been reported by Fellers and Stepst (24), welker (66),
Tressler, et ol, {65), and by Flisgerald and Fellers (28)., Part of tte

work reported in this paper has veen published by Trompaen snd Mahomey (61).
KATERIALS AND METHODS

Proosssing Progedure. The variety of lime besns used im both years

of this study, 1943 end 1944, was Early Bady Potate, grown on the Marylsmd
Horticultural Farm near (ollege Park. The Desns, after veing cub and vined,
were separated into sieve siszes, washed in a regular pea washer, and
weighed out for dehydration at the rate of approxim:tely 1.25 nounds per
square foct on each Lrsy. The heans were dehydrated iv botn the tunnel
dolydrator and tos cabinet machine already deseribed in Fart . The
primary Semporatures used in tnis work varied from 170° F. to 200° ¥., smd
the secondary temperature was wsintsined st 160° 7. regardless of the

machine used or the type of ianvestigution. Primary temmerstures and
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drying times used will be given in those sections where they spply.
Dehydrated besns were thoroughly mixed and sealed in No. 1 tinm csus ia
air until snalyses could be made.

Ssmpling. Semples of fresh beans for analysis were taken immedistely
after washing. Before being chopped up and anslysed, these beans were
rolled between two pleces of blotting paper until the outer surfaces
sppeared relatively dry. When samples of blenched, but not dehydrated
beans, were obtained, the assme blotiting procedure wes carried out. 1Ia
all csses, the contents of a YOO ml. besker were used as a ssmple of fresh
beens. The contents of a No. 1 tin can were used es a sample of dehydrated
beans. The dried seamples were ground up im an ordinery household food
grinder, thoroughly mixed, screened through 20 snd YO mesh screens, and
the meterial held on the L0 mesh soreen was taken for analysis.

Analytical Procedure. Moisture determinations were msde in & vacuum

oven at 70° C. for 12 hours. Ascorbic acid determinstions were msde using
the modification of the Bessey and Xing (&) method already cutlined. In
macerating the tissue for asecorbic acid determinstions, it was found that
a minimun blending period of 1 minute was necessary for thorough extrasction
of ascorbic ascid from fresh beans. Dehydrated besns, which were first
pertially reconstituted in the cold acid solution for 1 hour, required a
blending period of 1§ mimutes for sscorbdic seid extraction. Duplicate

datominationl were made on all samples.
RESULTS
Standerdization of Methods

In order to reduce the variability in moisture determinstions

apparently traceable to method, a comparison was made of moisture contents
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between mesh sises screened from ground-up samples and non-screened
materiesl. The contents of ten No. 1 cans were ground up sepsrately and
enalysed for moisture content. The mean weight of material held om each
screen snd the mean moisture content of each mesh sige after 12 hours of
drying in the vacuum oven are shown in table 21. More than 50 per cent

TABLE 21. Variability in moisture content
of dehydrsated lima beans.

Hean Standard Mezn weight Mean per cent
Mesh per cent deviation held on each of %total
size moisture of moisture socreen weight
{grems)

All siges 4.69 0.549 - -
20 3.89 0.632 7.1 6.3
ko .70 0.32h 59.8 52.5
60 4,9k 0.388 19.8 17.3
80 5.00 0.189 9.9 8.9

100 5.21 0.506 8.4 1.4
100 5.7% 0.897 8.6 1.5

of the ground material from each semple wss held om the UO-mesh screen,
and the proportion decreased progressively downwerd as finer mesh sizes
were considered. Conversely, the molsture contents of the finer mesh
sises were higher, btut they also exhibited the greatest varisbility as
measured by the standard deviastion. It was anticipated that the finer
particles might be hygroscoplc, sc these sizes were weighed first after
grinding the sample. Therefore, the higher moisture found in these
finer sizea hardly cen be due to sny influence of the method used in

preparing the sample. Though no one hes ever investigated the
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distridution of moisture withia 1lima besans, it is probable thet certain
tissues are higher in moisture than others, snd that this variation
shows up in the mesh sizes screened from ground-up beens. In grinding
and screening the samples, it was noted that the larger screens held a
high proportion of seedcoat material, whereas the cotyledons broke uwp to
o groeater extent and were distriduted in the smaller sizes.

Similar results on denydrated carrots have heen revorted by Makowsr
and Myers (37), but they found little difference in moisture content
between mesh sizes after &l hours of drylng in the vacuum oven as com-
pared to their original drying time of 6 hours. Undoubtedly, the most
importent factors governing vecuum-oven moisture determinastions are the
drying time and particle sisze. However, rather then discard the vscuum-
oven method, ae suggested by Kakower and Myers, it would seem thst careful
standerdization of this method for each kind of denydrated food with
respect to the above iwo factors would produce satisfactory results which
would be compareble. Thus in this work constant weight for lims bean
ssaples, ground to pass o 20-mesh, but not a hO-mesh screen, was obtained
after 12 hours drying in the vacuum oven at 70° C., and this time end
particle size was adopted as standard for all moisture determinations
made on dehydrated besns reported in this paper.

Determinstion of ascorbie acid for esch mesh size (table 22) shows
that as smaller particles are used, the ascorbic aclid content is reduced.
It has been shown by many investigators that the distribution of ascorbic
acid (or vitemin C) in vegetsbles and fruits is not uniform, but is con-
centrated in certain tissues. Though mo work has been reported on lima
beans in this respect, it is possible thet this umeven distribution of
ascorbic acid does occur in lima beans, and that this was reflected in

the seversl mesn sizes screened from ground-up, denydrated samples.
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PABLE 22, Effect of merh eize in determinztion
of ascordic scid in dehydrated lima desns.

Wre  (percent)  (ae./100 @ e e
wot weight) oven ary materisl)

All sigzes 6.65 39.8 0.43
20 5.59 5.3 0.47
40 6.32 39.0 0.h42
60 6.8 k.0 0.h43
80 6.76 38.8 0.42
100 7.00 3.5 c.ho
100 7.45 34.8 .38

Effect of Blanching on the Loss of Ascorble Aecid
in Dehydration and Storsge of Lima Beans

Blanching of vegetables prior to dehydration or csnning has been
precticed in the indusiry for many years. This experiment was designed
to study in detail the effect of various methods of dlanching on the
retention of sscorbic scid in lima beens in subsequent processing and
atorsge.

For this study enly sieve sizes Ho. 2 and Fo. 3 were used, snd before
blenching the various lots, all white beans were discarded. After differ-
entisl blanching the beans were dehydrated in the osbinet machine for 2}
nours at 1950° P. followed by 5-3/4 hours at 160° ¥. Denydrsted beans were
mixed in the usual manner, seszled in No. 1 tin cans in air, and stored for
4 months at 65° P. Due to the time consumed in removing the white beans
and earrying out the blanching treatments, it was impossible to snalyse

the fresh beans before blanching.
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The results of this investigation are presented in table 23. %here
is no evidence to indicete an incressed drying rate sssociated with in-
cressed blenching time. Altnough the moisture determinations made after

TARLE 23. Loss of ascordic acid and moisture in

denydretion and storage* of differentially-
blanched lima beans.

Per cent molsture Ascorbie acid
(mg./g. dry wt.)

Blanched : Dried : Stored

Blanching’
time
(minutes). Blanched : Dried : Stored

s se o9 O%

Ko

blsanch - 6.3 6.8 - .2hg .12

.

*
.

.
.
.
.
.

e we ow o8

Stesm (214° 7.)

1 : N 5.5 6.8 : .75 .262 AT
3 71.8 5.4 6.6 .6hg 218 AN
5 72.5 5.2 6.2 505 277 186
71 12.6 5.4 5.9 «H92 .283 A7

¥ater (190-200° ¥.

1 : 7a.b 5.6 6.5 : .572 290 .192
: 4

2 : 75.8 5.5 6.1 :  .lgh 263 .152

3 : 72.8 5.5 6.1 :  .50% 242,146

sstored 4 months at 65° F. sesled in air.

4 months of storage indicated thaet increased time used in stessm snd water
blanching resulted in lower molsturs, the molsture contents following
dehydration are not consistent with this correlation. The increase 4in
moisture content of dehydrated samples after storage is expleined by
faulty sealing of the cans by the closing mschine, resulting in s very
smell hole at the point of intersection between the side sesm and the

114 seam of esch can. This was not discovered until the samples were
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taken from storzge for snslysis. On the sversge, blsnching resulted in

8 lower finsl moieture content than did mon-blanching. fThe weter-blanched
besns were somewhat higher in molsture content after dehydration than the
stesn-blanched beans.

Increasing the blanching $ime had a merked effect, ss found in the
redugced ascorbic acid contenta of the blanched deans. The ascorbic acid
content wes decressed progressively in steam-blanched besns from .752
milligreams per gram ia the l-minute blanch to 0.492 milligrams per grmm
in the T-minute blanch. The decrease in ascorbic acid resulting from the
water-blanching was marked in the Z-minute blanch compared to the l-minute
blanch, but very little difference wes found between thq 2-minute dlanch
and the 3-minute treatment. When the beans were dried, bowever, the order
of sscorbiec scid contents was reversed for the stesm-bdlanched samples.

The beans which had been stesm blanched for 7 minutes were slightly

higher in aseorbic acid than those which had received the 1, 3, or S-mimute
blench. The dried samples which had received the water-blanching showed
tne ssme previcus order in favor of the l-minute blamch. That is, beans
blanched for 1 minute in hot water were still bigher in escorbic smcid at
the end of dehydration thsn those which had received the 2 or the 3-minute
water blaneh.

After 4 months of storage, sll steam-blanched ssauples had practically
the same ascorbic acld content, though all of these samples showed = loss
during the storage pericd. Tmms i% would seem that incressed blsnching
time in steam had no advantage whatever from the standpeint of ascordic
acid conservation in lima beans, processed by dehydration. ¥The data show,
noreover, that incressing the time in the water blanch resulted in a
definitely lower ascorblc scid content. Actually, the 3j-minute water-

blanched besns had the ssme ascorbie acid content after dehydrstion and
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storsge es did the nmon-blanched beans. Conversely, the beans wnieh had
recelved the leminute waoter blanch nsd the highest ascorbie =zcid content
of 211 the trestments st the end of the storasge period. It 1s doubtful,
however, thet this figure wes significently higher tnen those of the steam-
blenched beans.

reroxidase determinstions were made in connection with all blanching
tregtments. In considering blanching, it was important to record the
effectiveness of the verious trsatments on the destruction of engyme
systeme in tne besns. In addition, an sttempt wss made to correlave the
sémi-guantitative gusiacol procedure, ss used wiih apples, snd the quan~
titative assay of Lucas end Bailey (36). Though the peroxidese value for
denydrated, non-blancred besns (table 24) wae only sbout one-fourtia that

PABLE 24. Peroxidsse determinations on
‘hlenched, dried, aad stored lima veans.

Blanching : Qualitative peroxidsse test : Peroxidase valuee
tine H H
(minutes) : Blanched : Dried : Stored : Blanched : Dried : stored
. :
No blaneh - 5 plus 5 plus ¢ - 0.7 2.6
: :
stesm (214° 7.)
1 t 3 plus plus  plus : 0.8 0.4 0.7
3 i 1 plus minue minus ¢ 0 0 0
5 ¢ 1 plus minus minus 0 0 0
7 : plus minus minus 0 0 0
water (190-200° ¥.)
1 : 3 plus plus  plus : 1.9 0.3 0.4
2 : plus minus wmimus 0.2 0 0
3 t plus minas  minus 0 0 0
: :

g, of &-i:oascorbieoaciﬁ oxidised witnin 1 minute in 1 grem of
enzyme extract st 38 C.
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of the same ssmple stored for 4 months, the quslitative tests for the two
periods were equally high. Similarly, in the steam-blanched beans, no
quentative vslue could be obtained for those ssmples blanched for 3, 5,
and 7 minutes, but the gualitzstive test was positive in the blanched beans
in each cezse. Tne closest assoclation between tne two methods was found
in the ssmples which were wster-blenched for 1 end 2 minutes. Here the
blanched besns were positive in botn methods, but dried snd stored besns
were positive only when the l-minute blanch was used in processing, and
not in those besns which were bleanched for 2 minutes.

These results suggest that the guaiacol test for peroxidase asctivity
was less sensitive than the quentitative test based on the oxidstion of a
known smount of d-isoascorbic acid. However, the peroxidese test requires
careful interpretstion im the light of the csutions given by Phaff and
Joslyn (53). These workers observed heat-stable catslysts in peass which
oxidized guaimcol in the presence of hydrogen perexide. fThus in lima
beaps it is possible that similar oo;peunds exist, and therefore, that
the positive reactions given by beans which nad received extended blanching
need not necessarily mesn tnat the beens were insufficiently blsnched. The
bhesns which were given a wesk positive rsting showed a coloration only in
locelized sreas of the overy wall; after dehydration and storsge, a
pegsztive test was produced by ssmples of the same tresiment. Tnerefore,
it would seem that steam-blanching for 3 minutes, or water-blsnching for
2 minutes would be adeguste for destruction of enzyme systems in lima beans.

Some indication of regenerstion of the ensyme systems in dried beans
is shown in the peroxidase value for the non-blanched beans sfter 4 months
of storsge, when s value of 2.6 was recorded compared to a value of only
0.7 st the beginning of storage. 4 similar trend was indicated in the

beans which received s l-minute steam blench. Until more is knewn about

116145
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the spplicetion and limitstions of these methods azs epplied to lima beans,
the significence of this incresae can hardly be interpreted.

Molsture and Ascorbic Acld Contents of Denydrated Lima Beans

in Relation %o Various Pre-drying Trestments and Dehydrstion

Temperatures

Presbly harvested besns were dried in the tunnel deiydrator using
varying primary drying temperatures from 170° to 200° ¥. Standard drying
time for ell trucks of besns was 6 hours and 45 minutes. The seversl
treagtments and the moisture snd ascorble acid contents of each sre
recorded in table 25. As wes found with apples, high primery drying
temperstures did not incresse tihe losses of ascorbic acid during the
drying procesa. Actually, dried besns from the "test"* trucks dehydrated
at 190° end 200° 7. in the primsry tunnel were on the aversge about 21
per cent higher in sscorbic acid then those dried =t the two lower
priawry temperztures. This might mean that the humidity and temperature
conditions preveiling in this mecnine were such thst more sscorbdic acid
wes oxidiged during the slower drying st 170° and 180° F. then at the
higher temperatures in the primsry tunnel. However, a more detziled
study of actusl temperatures of the beans would be necesssry to confiram
such g statement.

The method of blanching, however, as well ss the length of the
blench influenced the final sscorbic socld content of the besns. There
was some evidence that the length of the steam blench had sn effect on
the final ascorbic zecid content, but not to the extent that was shown in

the previous blanching study using tne cabinet machine. Since sscorbic

*fhe "test® truck, preceded and followed by buffer trucks, wes run
for sach primary temperature used. Stendard blanch for test trucks -
5 minutes in steam.
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TABLE 25. Holsture snd ascorbic scid content of
dehydrzted lime beans.

: Blanch ! Primary Ascorbic Ascorbie
Pre-blench : ! tunnel }kolisture scid scid
treatment® ! Pime Temp. medium ° temp. (per cent) (mg./100 g. (mg./grom

i (min.) (°r.) Po(%7) wet weight) dry weight)

- i 21 steam 170 6.63 38.5 0.41

- 5 214 steam " 6.45 36.3 0.39

- 6 21k stesm ® 6.65 ah.3 0.37

- 5 21k steem " 6.67 2.0 0,15

- b 212 water " 5.9% 24.8 0.26

- 6 212 water " b, €5 20.0 0.21

- g 212 water 8 4.ug8 19.3 0.20

cold, 2 min. 5 21k steam 4 6.20 39.0 0.42
cold, Y4 min. 5 214 steanm " 6.52 37.8 0.40
cold, 6 min. 5 21k steam " 6.37 38.8 0.11

- 5 214 steam 180 5.G4 36.0 0.38

- 5 195 water " 5.50 24.8 0.26

- 5 212 wat&r # ho 1 2)400 00 25

180° F., 30 sec. 5 21k steam " 5o ltl 41.5 0.44
cold, 2 min. 5 214 steam " 5.18 48.3 0.51

- 5 21k steam 190 4,85 46,8 0.49

180° 7., 1 min. 5 21k stesm " .27 L2.8 0.145
180° ¥., 1 min. 5 21k steam " 5¢37 42.0 0.4k
- 5. 212 water # 4,70 29.3 0.32

- 5 214 steam 200 5405 45.8 0.48

*Immersion in & 0.2 per cent scdium sulfite sclution.
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scid is water-soluble, bleanching in weter merkedly reduced the emount of
ascorbic acid compared to stesm-blanching. Incressing the length of the
water-blanch elso reduced the final secorbic acid content. The pre-
blenching trestment, used primerily to extend the storage life of dehy-
drated products such as white potrtoes and pees, hsd no messureble
influence on the final ascorbic acid content of the besns. Although the
bhighest sscorbic acid content was recorded for the sulfited beans dried
at 180° 7. in the primary tunnel, the significence of eny effect from
this pre-blenching treatment is guestionable.

In every case, water-blancbing resulted in a lower final moisture
content than did steam-blenching. Wnen the water-blanch was incressed
from 4 to & minutes, the final moisture content showed e progressive
decresss from 6.0 to 4,5 per cent. There was no evidence thai increasing
the length of the stean-blanch produced corresponding decreases in final
moisture content. Likewise, the pre-blanch treztment with sodium sulfite
ned no influence whstever on finel moisture content.

The lower molsture content recorded for water-blsnched besns compsared
to steam-blanched bhesns wes not in sgreement with the blanching study
previously discussed. It is poseible tnst the sdvantsge of water-blanching
shows up only under the low humidity, high temperature conditions possible
in the tunnel rather then in the slower drying of the cabinet denydrsator.
However, when both studles sre considered, the only ststement which can
be made is that using & water-blanch compared to s steam-blanch msy not
slways result in more raepid drying of lima beans.

Molsture and Ascorbic Acid in Fresh Lims Beans
in Relation to Sieve Siges and Brine Separation
The moisture and zscorbic acld contents of fresh besns used for

tunnel denydration described asbove are reported (table 26), according to
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PABLE 26. Moisture and ascorbic scld contents
of fresh lima beans.

Sieve Whites Ascorbic Ascorbie

sise Separaticn in Molisture acid scid
(dismeter ssmple  (per cent) (mg./100 gr. (mg./100 gr.
in inches) {(per cent) wet welght) dary weight)

22/64 none 2 83.2 33.5 1.98

] floaters 1 78.6 36.6 .71

22/64-28/6%  none b 79.8 7.8 1.38

L " floaters 1l 15.9 29.7 1.23

28/64-30/ 64 none 2 774 26.5 1.17

" " floaters 1 75.2 25.8 1.04

" " sinkers 2 70.0 4.3 0.8

30/6k-34/6M none 3 T1.h 22.7 0.79

# " floaters k 72.0 22.7 0.81

" . sinkers 3 66.% 20.6 0.61

/6 none 6 671.9 20.4 0.64

. floaters b 67.7 22.2 0.69

" sinkers 7 61.8 15.0 0.39

ell sises  whites - 60.5 9.6 0.24

all sizes greens

1.2 21.0 0.94
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sieve sizes snd brine separation within sieve sires. Esch sieve size

was separcted into "floaters and sinkers® in a 15 per cent (60 degrees
selometer) drine, and the percentsge of white beans in eagh of the above
clasees was determined by actusl count. As the sieve size was increased,
the moisture content decremsed progressively from 83 to 68 per cent. 'The
floaters showed #n inconsistent relation to non-separsted beans in res-
pect to moisture content, but the sinkers were lower in moisture content
then flozters or non-separsted lots in every case where sinkers were
obteined. (Comparisor of white besns to green besns of sll siges showed
that whites were significantly lower in molsture than green bLesas.

The sscorbie scid content of the non-sepsrated besns showed ¢
progressive decresse from 1.98 to 0.64 milligrems per gram as sieve size
increszsed. A8 wss shown in moisture contents, flcaters were inconsistent
in ascorble scid content compared %o non-separsted besns. In the smeller
siged bdecns, flosters were lower in sscorbic zcld tren non-separsted
begns, but in the larger siges, flozters showed 2 slightly higher ascor-
bic acld content. Sinkers were in all ceses the lowest in sscorbic acid
within esch sieve sige group, as would be expected from the high percent-
age of white besns which were counted in tnls separstion. It is
interesting to note thset when sll sizes were considered, the green beans
were nesrly three times higher in ascorble scid thenm the white Desns.

It would seem from these data that where quality packs of lima beans are
desired in the food processing industry, separstion by brine flotation
might provide z method of eliminating over-meture beens (sinkers) within
respective sleve aizes. The hard whites and the beans of lower ascorbic
acld content would sink, wheress the greens, which sre shown to be

significantly higher in sscordbic acid, would float.
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Relstion of Sieve Size to the loss of Asecorbic acid
in Denydration and Storsge of Lims Beans

After sepsration into sieve sizes snd blanching for 5 minmutes in
steam, the variocus groups of beans were spread out for removel of all
shriveled white beans before weighing on trays at the rate of 1.25 pounds
per square foot. The besns were Jehydrazted im the cabinet machine for
2} nours at 190° P. followed by 5-3/Y hours st 160° ¥. Dehydrated bveans
were thoroughly mixed, sealed in No. 1 tin cans in air, and stored at
65° ». for 4 months.

The effecte of dshydration and storage om moisture =nd ascorbic
acld contents of the four sieve sigzes compeared to thes non-sieved begns
are shown in table 27. As would be expected from previcus work, the
smeller fresh besns were higher in molsture then the lerger deans or the
szmple which consisted of all sizes. The non-sieved beaans appesred
unusually low in moisture content, but s second sample in duplicate con-
firmed this figure. Ths dehydreted beans showed the seme order of moisture
content as was found in the fresh besns; thst is, the smellest beans dried
down to 6.0 per cent moisture, whereas the largest beans dried dewn to
5.3 per cent. The non-sieved sample hsd 2 moisture content of 6.2 per
cont sfter dehydration, or higher than sny of the sieved besns.

The ascorbic acid contsants of the fresh, blanched, and dried besns
were inverse to the size of the beans. This relationship of ascorbic acid
end sieve size nheld for each series of determinsations made in this study.
The ascorbic acid contemtis of the non-sieved beans were intermediate
between those of the No. 2 and the No. 3 beans in each aase.

The percentage losses of ascorbic ecid dus to blanohing, dehydration,
and storage sre calculated for each sieve sige group and the non-sieved

besns. The losses due to blanching in relation to bean size are diffioult
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TABLL 27. Loss of sscorbic zcid and moisture in
denydration snd storsge of limas besns as
affected by sieve size of besns.

Ascorbic =zcid
(ng./ grem, dry weignt)

Fresh Blaneched Dried Stored
4 mo.

Ascorbic acid
(per cent loss)

In In In Total
blanching drying storsge

Per cent moisture
Sieve

size

e se e

Fresh Blanched Dried Stored
4 mo.

.o s o% ob e

e oo - as -

31.5 30.2 7.9 69.6
23.2 26.6 18.1 68.0

72.3 72.6 6.0 6.0 : .937 U2 <359 .285%

*s w2 09 v ee

1

2 63.2 71.7 5.7 5.8 ; 662 .509 .332  .212
3 : 61.5 61l.4 5.l 5.6 : 491 . 300 243 136
Y

o % go se ®® e pe - ee

38.9 11.6 21.9 T2.h

61.0 - 53 5.3 ¢ 372 - -238  .158 - 36.2¢ 21,3 57.5

a1 :
siges : ©0.5 62.7 6.2 5.9 : L.617 .333 .254%  .168

.
: , :

s oe &e ae

h6.1 12.8 13,9 72.8

*Includes loss in tlanching plus denydr-tion.
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te interpret on & basis of the three figures given, except to note that
the percentage losses were exiremely variable. Ko determination was made
of blanching loss in the No. Ui beans due to insufficient guantities of
this size being available for sampling. In dehydration, however, it
seems safe to assume on the basis of determinations for three sieve siges
that smaller besns lost more on & percentsge basis than did the large
beans. This situation is reversed in the storage perlod, when the larger
beans showed a greater loss of ascorbic scld than the smaller beans.
Though additional work would be necessary to confirm the date reported
nere, it is surmised Shat the smeller beans lost higher percentages of
ascorbic acid im blanching snd drying compared to the losses in larger
beans, but the smaller beans had & higher retention of ascorbic scid in
the storsge period compared %o the lsrger beans.

Though the small besns lost 2 totsl of about 70 per cent of initiasl
ascorbic scid, the two small sizes still comtainmed from 40 to 100 per
cent more ascorbic acid than the two larger sizes. Thus from the view-
point of ascorbic scid content, the small besns mainteined precedence

nutritionslly over the large beans throughout the processing and storage.
DISCUSSION

A critical analyeis of fresh lims beans brought out the variability
of the beans as they came from the field. It was realized that the
commercial operator would not brine-separate fresh lims besns and dehy-
drate only part of the crop, but this work did illustrate the possidility
of a2 bhigh quality pack from part of = crop whether that pack be processed
by denydration, csnning, or freesing. The great variability in moisture
and ascorbic scid in beans segregsted by brine separstion of the various

sieve sizes further showsd the tremendous differences in gquslity involved



108

in fresn lime besns. Then the bezns were sepsreted into two categories,
it is interesting to ncte that green bteans were tnree times as high in
escorbic scid ss winite besns on @ wet welght besie, snd nearly four times
a8 high on & dry welght beosais.

Genersl losses of ascorbic acid in lims beans were retoer nigh in
blenciing, dehydretion, end storsge, wnen compared to tihe ninimun losses
thet were obiained in tne sprle work. Thus it becomes important to
minizmize tre losses of ascorbic =mclid in the dehydration end storsge of
lims begns to retein ze¢ much as possible of the high vitazin quality
originslly present ln thls product.

The study of the influence of blancolug on eubseguent logses of
ascorbic acld in denydration and storage revsasled umususally nign oxidation
of ascorbic scid in spite of any blanching effects. Thus it is imperative
$hat blancuing be intelligently used. If aecorbdic acid i3 & measure of
quality, as suggested by Tressler (64) and Fitsgersld (27), then little
wag gcined by increasing the stezm-blanch beyond 1 minute, for 2t the end
of 4§ months of storsge, all differentislly ste:m-blenched semples were
nearly the szme in ssgorblc scid content. Cn the other nhand, much was
lost by incressing the time in tue weter-blanch beyoend 1 uinute, since
ascorbic acid wae tuereby merkedly reduced, and tnis effect was evident
efter b4 months of storsge. However, it must be noted thet blanching of
some type was necesesary, since tne non-tlenched beans were significently
lower in sscorbic zcld in esch set of determinations.

Since perhgps the major fundemental purpose of blanching vegetcbles
has been to destroy enzyme systems naturally occurring in the fresh crop,
the study of enzyme mctivity in blenched samples was of interest. Accord-
ing to the peroxidsse determinstions, nothing wss gained by blsnching in

water more than 2 minutes, or by blanching in steam more than 3 mimutes.
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?he spplication of this information, however, is dependent entirely upon
the resultsnt storasge life of the product as determined by sscorbic scid,
by orgemoleptic methods, or by whatever ysrdstick is to be sdopted to
measure guslity in denydrated lima beens. For example, in the stesm-
blancned group, if the l-minute blanch resulted in tre retention of
quality egquel to the 3I-minute trestment, then the l-miaute blanch wes
sufficient despite the fact that this treatment did not produce s negative
peroxidase test in the blanched beans. As already pointed out, the steam-
blanched samples all reached the same ascorbic scid content after 4 months
of storage. Judging from this storsge informgtion, then, a l-minute steam-
blanch was sufficient, snd longer periods of blenching in steem were
unnecesgsary, unless a longer storsge period would chenge the results in
favor of the longer blanch. Considering botn the ascorbic scid and
paraxidese determinations on water-blanched beans, blanching more than

1 minute was excessive. A more detsiled imvestigation of ensyme mctivity
sssociated with length of storage life gs well as with storsge quality ;:
necesssry, nowever, to be asble to predict with more reasonsble assurance
the time necesssry in stesm or water-blanching.

Furtner, a2 measure of quality in dehydrated limas besns must be stand-
ardizged. Kramer (30) suggested thal & non-specific reaction involving
severzl substances in the product might show a closer correlation with
quality in fresh, frozen, snd cenned lima besns then a specific resction
such as the ascorbic acid determination. He furtner stated that semi-
quantitative peroxidase determinestions were unsuitable as quelity indices
for the gbove-mentioned packs of beans. Whether or not these suggestions
cen be applied to dehydrated lima beans is not known,

fhe problem in denydration of lima besns, then, is to bdlanch suf-

ficiently to insure kesping quality in subsequent storsge, but to avold
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overblanching which results in excessive losses of ascorbdie acid and

other nutrients.
SUMMARY AND CONCLUSIONS

1. Varlebility in moisture content of denydreted lims bezns was
studied by screening ground-up beans into mesh siges from 20 to 100 mesh.
lesst variability in moisture content wss found in the msteriesl held on
the 40 mesh screen, and this size was sdopted =as stahdard for 3ll deter-
ninastions made on denydrsted besns. Ascorbic acid was found to vary
directly with mesh sige of the particles.

2. To study the influence of blsnching on ascorbic scid content,
besns were differentislly blanched in steem =and hot water, denydrated in
the cebinet denydrator, and stored for 4 months st 65° ¥. No sdventage
was goined by blanching more thsn 1 minute in steam, end considersble
agcorbic acid wes lost by blenching more than 1 minute in hot water.
Quantitative and qualitative peroxidase tests on the bdlancned and dried
besns, though not in complete sgreement, 1ndieatodlthat of the blanching
times used, 3 minutes in steam and 2 minutes in water was necessary to'
destroy the ensyme systems of lims besns. Thus the blanching time
necessary for msximum retention of ascorbic acid wes not the ssme ss the
time necessary for destruction of peroxidase. Xvidence for regenerstion
of the enzyme during storage was presented in tpe quantitative peroxidase
tests, but further work i{s necessery to confirm this 28 well as to
correlate engyme activity and loss of quality in storage of dehydrated
lima beans.

3. Tunnel denhydrstion of lims besns, with primary temperatures
renging from 170° to 200° F., indicated that nmo grester loss of ascorbic

acid oceurred with high primery drying temperstures then with lower
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temperatures. Water-dlanching resulted in a lower ascorbic acid content
of tre beens, snd this reduction was accentuated by incressing the time

in the water-blanch. Water-bleaching also resulted in a lower final
moisture content, but this was exhibited only in tunnel-dehydrated beans.
There was scme evidence for reduced sscorbic acid content in the dried
besne correlsted with incressed time in the steam-blsach, but this was

not shown as clearly ge in the blenching work with the cabinet denydirator.
A pre-blsnehing treatment, consisting of fmmersiom in a 0.2 per cent sodiem
sulfite solution, hed no messursble influence on either finel moisture or
sscorbic scld contents.

%, Barly Baby Potato lima bezne were graded into five sieve sizes
end further separsted by brine flotetion in a 15 per cent sslt solution.
¥oisture aznd ascorbic ascid determinstions, mede on each group, showed that
sinkers were inverisbly lower in moisture snd escorbic sclid content then
flogters or non-separzted besns in esch sieve sige group. Flosters were
inconsistent in moisture and escorbic acid inm relation to non-sepsrsted
besns. The sscorbic acid and moisture content of the besns wes inversely
proportionzl to & sieve size.

5. To study the effect of sieve size on the loss of sscorbic acid in
dehydration and storsge of lima besns, four sieve sizes were dried in the
cebinet machine znd stored for U months at 55° ¥. Small fresh beans were
higher in moisture end sscorbic acld contemt than the lsrge beans, and
this relgztionenip was msinteined through blanehing, debydration, snd
storsze. Evidence is presented to show thzt totsl losses of sscorbic acid
in each gieve size was high in each csse, end that the lergest sized beans

were lower in percentsge loss compared to the three smaller sieve siges.
Ko attempt is made to draw s definite conclusion in this respect without
farther work. After denydrastion and storage, %the lNo. 1 niovo’size besns
were still neerly 100 per cent higher in ascorbic acid than the No. 4

sieve sige.
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THBLE 28. Loss of moisture znd sscorbvic scid during
de ydrstion of Steyman vinessp apples under varying
conditviong of tempersiure snd muaidity.

: Hign mmidity : Low humidity
Houars Per cent Ascorhic Ascorbic Per cent Ascorbie Ascorbic
dried : Molsture of initial acld acléd : ¥oisture of initial acld acid
: {per cent) moisture (mg;./lﬁ{.\ E. ‘vEr cent : (per cent) molsturse (mg./leo g. (per cent
removed ary wt.) Losg) : removed dry wt.) losn)

s oo %6 we o0 as

e

\.J\-F'QJHO
\J

EEN O
.
e O8 ee o8 ar @& e» oo o we ae S o8 e s

FEOMO

e ae

pried st i45%- 165" #.*

- 10.7 - : 86.3 - 13.0 -
27,0 13.2 - : 77.3 45.7 13.7 -
61.0 9.6 10.0 : 59.8 76.3 11.6 11.0
89.5 5.1 52.3 : 23.1 93.8 7.2 Uy, 3
97.8 4.6 57.3 : 8.8 98.5 6.6 4g,2

pried at 175°- 165° ¥.

- 11.8 - : 86.9 - 13.7 -
3.8 11.2 5.1 : 76.6 50.6 12.1 12.2
76.1 b.U 5.4 : 49,5 85.2 10.4 oy, 2
g5.1 3.6 69.1 : 17.9 96.7 9.9 28.3
9%.2 3.6 9.1 : 11,2 98.1 10.0 27.2

nried =t 190°- 165° ¥.

- 11.8 - : 86.h - 4.1 -
Ws.0 9.2 21l : 81.3 31.h 13.7 0.8
81.6 4.6 £1,2 : 51.1 83.5 7.1 u3.5
95.7 3.3 72.4 : 9.7 gs.i 5.0 6.l
98.3 2.2 81.5 : 9.3 98. 5.0 6. h

*Drying temperstures indicate level neld in primery drying followed by finiehing tempersture of 165° P,
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PABLE 29. Loss of molsture znd sscorbic scid during
denydrstion of York Imperisl zpples under vsrying
conditions of tempersture and humidity.

: High mmidity X Low mumidity
Hours Per cent Ascorbic Ascorbie Per cent Ascorbic Aseorbic
dried . oisture of initial acid scid :  Moisture of initiel ecid acid
: (per cent) moisture (mg./100 g. (per cent : {per ceat) moisture {mg./100 g. (per cent
s removed dry wt.) losse) : removed dry w=t. loss)
: Dried at 115%- 165° 7.¢
0 85.7 - 17.1 - : 85.4 - 17.8 -
1 : 8205 210? 19.}'} - H SO.S 28-7 20'7 -
2.5 : 743 51.8 17.6 - : 6.7 67.3 17.5 1.9
L : k0.9 88.5 9.5 W7 : 38. 89.2 12.2 31.2
5 : 17.1 96.6 8.6 50.0 : 12.6 97.5 8. 52.9
: Dried st 175%- 165° ¥.
o :  86.0 - 17.8 - : 85.8 - 16.9 -
1 80.2 4.1 17.7 0.4 5.7 48.5 16.h 5-9
2.5 68.7 64,2 16.2 5.4 : 50.2 83.3% 4.5 1.6
Y : 26.8 gk.0 1.5 57.2 : 13.8 9T.h4 12.6 25.0
L.5 12.2 a71.7 3.6 §0.0 : 9.8 98.2 12.9 i1, Y
: yried =t 190°%- 165° 7.
) : 86.0 - 17.8 - : £6.1 - 18.8 -
1 : 81L.0 30,02 15.7 11.8 2 71.2 u5.7 19.3 -
2.5 B4, 2 80.7 9.8 5,2 : 52.6 82.1 10.7 2.7
ko 22.1 95.4 6.2 65.4 : 18.0 96.5 7.0 62.6
W5 9.7 98.2 5.5 68.9 : 10.1 98.2 7.0 62.6

.
» *

*Drying tempersztures indicate level held in primary drying followed by finishing temperature of 165° ¥.
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TABLE 30. Chemicsl chenges in denydrzied York Imperial
spples stored for one year (1943).

iionths ° Moisture '  Titratevle ° Ascorbic acid ‘ Suger content (as per cent of dry wt.)
in ° (per 0 pH @ acldity : - X -
storage ' cent) ° P (ml. 21N mg. /100 g. . Per cent ° Reduclng ' VNon-reducing ' oTotal
$ ; Ha0H) : dry wt., ° loss : Sugers : gugsers f sugsrs
Cold storsge
0 16.5 3.69 6.4 15.6 - 47.5 23.7 71.2
1 15.9 3.72 b.b 15.5 0.7 L7.8 23.5 71.6
2 16.6 3.75 6.3 15.3 1.6 47.9 2h.o 71.
3 16.4 3.50 6.3 14,8 4.8 50.5 21.3 72.3
b 16.5 3.36 0.3 4.5 6.9 52.7 18.9 71.6
5 16.4 3.38 6.1 1.2 8.6 52.9 18.4 71.3
6 15.6 3.54 b.Y 13.4 1k,1 55.1 18.0 71.1
12 16.2 3.35 6.5 10.0 35.7 v 54%.9 16.7 71.6
Common Storsge

0 16.5 3.69 6.4 15.6 - 47.5 23.7 71.2
1 16.3 3.62 6.0 14.8 L.g 47.3 LR 11.7
2 16.0 3.64 5.9 1. 29.0 43,8 22.6 71.4
3 15.9  3.53 6.3 6.4 58.9 50.7 20.9 71.6
4 14,9 3.45 6.6 0.6 57.7 51,5 18.6 70.1
5 16.4 3,40 6.7 3.9 75.0 54.5 16.8 7.3
6 15.8 3.55 6.6 4.2 73.0 5%.6 15.3 69.9
12 16.2 3.32 6.0 3.6 77.0 56.8 14,8 71.6




TABLE 31.

Chemicel chenges in denydrsted Rome Besuty spples
stored for one yesr (1943},

KHoisture

f Pitratsble Ascorble zeid

Sugar content {as per cent of dry wt.)

(per . :
storage ' cent) P (ml. 0.1 H ng. /100 g. ° Reducing Non-reducing
: N sugars sugars
Cold Storage
0 18.0 3,64 0.2 0.3 53.2 18,k 71.6
1 18.5 3,61 6.2 9.6 53.5 17.9 71.k
2 18.5 3.55 6.9 9.2 53.8 17.2 71.0
3 16.5 3.58 6.4 9.3 54.5 15. 70.1
1 13,1 3.37 0.2 9.1 sh. 4 15.8 70.2
5 19.3 3.38 0.2 9.3 B4.3 17.3 71.6
6 18.8 3.34 6.0 9.1 54,2 13.3 67.5
12 18.3 3,3Y 6.2 6.1 57.0 12.8 6.8
Common storage

0 18.0 3.64 £.2 10.3 - 53.2 18.4 71.6
1 18.5 3.61 6.6 Fa1 10.9 5345 17.7 7.2
2 18.9 3.55 7.0 8.1 18.3 54.5 16.7 7.2
2 8.2 3.58 6.7 6.5 36.9 56. 13.0 69.2
15.7 3.35 6.3 6.2 ho.1 57.8 12.3 70.1

5 18.9 3.33 6.8 5.2 h9.5 59.2 12.0 71.2
6 17.b 3,33 6.0 4.8 52.8 59.6 8.6 68.2
2 18.0 3,36 R 5.1 5.1 60.0 9.5 69.5




TABLE 32.
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Chemical changes in dehyd:ated Ben Davis spples
stored for one yesr (1943).

f ¥Molsture :

(per

‘1 tratable

Ascorbic acid

storsge . cent) c(ml., 0.1 W mg./100 g. , Per cent Reducing Non-reducing
. . dry wt. loss
Cold Storsge

0 12.7 3.70 6.0 16.6 - 19.3 68.2
1 12,7  3.65 6.4 16.0 3.5 20.k 68.5
2 17.9 3.65 6.5 15.8 4,7 19.3 69.3
g 12.4 3.56 6.0 15.2 8.7 16.9 68.5
12.2 345 6.2 15.3 g.2 16.2 68.6

5 12.6 3.47 6.4 13.7 7.4 12.1 68.2
6 12.8 3.37 6.0 12.8 22.8 L.y 70.6
2 12.5 3. 45 5.4 12.9 22.3 12.5 62.8

Common Storage

0 12.7 3.70 6.0 16.6 - ug.9 19.3 68.2
1 12.5 2,68 6.3 13.5 18.9 48.9 21.9 70.8
2 11.8 3.65 6.5 11.8 28.8 49.1 20.9 70.0
a 13.3 3.65 6.0 9.7 ul1.7 52,4 18.7 71.1
12.7 347 6.1 9.h 43,5 53.6 15.4 69.0

5 13.5 3.47 5.9 6.1 63.2 55.5 13.% 68.9
6 13.0 3.41 6.0 6.1 63.2 51.5 12,0 63.5
12 12.4 3,45 5.5 h.6 72.5 54,8 13,4 68.2

: Sugar content (as per cent of dry wt.)
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TABLE 33. Conemical changes in dehydrated Staymen #inessp
epples stored for one yeesr (1343,

¥onths : toisture : Titroteble Ascorbic acid ! Sugar conient (as per cent of dry wt.)

in ¢ (per : oH ¢ =scldity : :
storagze cent) ¢ (ml, 0.1 2 mg. /100 g. Per cent Redueing : HNon-reducing : Total
: : : BatH) : dry wt. loses : sugars sugars :  sugars

Gold Storsge

0 15.5 5,60 6.7 1.7 - 57.9 18,1 69.0
1 15.1 3.50 0.1 10.9 6.3 51.5 17.5 69.0
2 15.4 3,42 7.0 10.k 10.7 5.6 17.9 68.5
3 15.5 3.43 0.7 9.7 16.7 5.2 18.2 68.4
i 15.3 3,28 6.7 9.9 1k4.9 5.3 19.1 69.4
5 15.3 3.29 6.4 B.u 28.2 5.7 16.3 67.0
6 15.7 3.2h 6.5 8.3 28.¢ 57.0 15.6 67.6
12 16.7 %430 6.2 8.5 26.9 53.8 1k, 68.7
Common Storage

0 15.5 3.60 6.7 1l.7 - 5.9 18.1 62.0
1 15.2 1,52 €. 9.6 17. ka5 18.9 63.%
2 k.9 345 7.0 1.5 35.5 504 17.6 63.0
a 15.2 347 6.5 6.1 5.0 5.9 16.1 68.0

15.7 %.30 6.2 b0 05.9 5L.1 1b.Y 68.5
5 14,9 343 6.6 3.3 72.1 53.6 13.2 66.8
6 16.0 %430 6.4 2.9 75.5 5L.5 17.6 68.1
12 15.2 3.32 5.4 2.7 76. 5k, 3 12.0 66.3




TABLE 34. Varisnce snelysis of cumulative lossces

of sulfurous acid in dehydrsated Stayman Winessp

spples stored for 270 days at 65° F. asnd 33° P,
(See Table 7)

Source of Degrees of Mean

veristion freedon squsre ¥
* %Tregtments 3 16,084 4. kg
Pemperature 1 47,483 13.kheo
Error (&) 3 3,56k
Storege intervals 2 8,h61 11,72
Intersctions:
intervels x teamp. 2 258
Intervels x treat. 6 W1
Residuel error 6 722
Totel 23

s3ignificant at odds greater than 19:1
es3ignificent at odds greater than 99:1
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TABLE 35. Varisnce analysis of cumulative losses

of ascorbdic acid in dehydrated St

ayman VWinesap

spples stored for 270 days et 65° snd 33° ¥.

(See Table 8)
Sourge of Degrees of Hean
varistion freedon sguare ¥
Preatments 3 3.748 40,60
Temperature 1 0.240 2.60
Error (a) 3 0.092
Storege intervels 2 1,640 29. 4l
Interactions:
Intervale x temp. 2 0.189
Intervals x treat. 13 0.087
Residual error 6 0.055
Total 23

«Significant at odde greater than 99:1
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hydrated Stayman Wineasp
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PABLE 37. Reconstitution of denydrated Rome
Besuty aspples dried at intervsals
during storsge.

?ige t Pei cent of initial moisture recovered
(.ﬁ:g::) E Dried 10/29/43 Dried 12/6/n3 : Dried 3/1/u4 ‘ Dried 6/13/4h

0 1.13 : .21 1.64 : 2.07
20 18.61 16.16 : 20.72 18.0k4
40 25.06 20.8% 27.4%0 : 23.68
60 29.66 24.02 32.17 28.38
B0+ 33k i 2.3 ¢ 398+ 3ok

100 : 37.02 30.19 39.8) 34,01

120 : 40.15 32.99 42,66 : 35.8

»Pemperzture of water - 25° C.



128

TABLE 38. Reconstitution of debyirated Stsymsm
Winessp spples dried st intervals
during storsge.

!r:no : | Per gent of initial moisture recovered
n - '
(,;':;::, w-aie/m/h; § Dried 12/2/43 z Dried 2/29/uk Dried 6/1k/uk
I
20 28.15 21.30 : 25.29 24,38
o : 38,16 : 27.54 X 33.26 z 30.33
60 : 45.31 30.66 ko.10 : 36.27
) 51.03 z 3b.82 13,52 ! H1.02
wo  + 5532+ 3898+ M9 i 3do
120 : 58.90 : : 46.96

41.06 : 50.35

sTeaperature of water - 25° ¢,
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