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INVESTIGATION LEADING T0 THE
ESTABLISHIMERT OF GRADES
FOR DRIFD FOODS

INTRODUCTION

In the food industyy,; although standards have been
ostablished for cammed goods, meats, and milk produets,
dried fruits and vegebables are still bought on sample.

It is becoming evident, however; that & systewatic and coms
prehensive set of standards will stimulate the dried food
industry in making ava&lable in commonly understoocd terms
such informnbion conceyning charactoristies of the dried
product &8 will permit their idéntification and comparison
in the market. Such identification and comparison makes
it possible for the consumer to secure the goods best
suited $o & particular use and with & minimun expenditure
of time; effort, and money. With the sstablishment of
standards the age old adage "Iet the buysr beware! will no
longer be the principle of trading.

Mr, Herbert Hoover, in hig anmual roport ag Secres
tary of Commeree in 1922, sald "The lack of ;... sstablished
grades and staﬁﬁaras-ef‘quality adds very largely to the
cost of distribution because of the necessity of buying
and selling upon ssmple or otherwise, and because of the
risk of fraud and misrepresentation, and consequently the
larger margins of trading.” Wiﬁhldri@d foeds, this laeck
of established grades and standards has gll its yretarding



effact on the industry and it ie folt that standards and
grades should be established,

Howewer, the establishment of standards requires
careful consideration. Standardization has beon referired
to in part a® & process of gecuring information. In some
cases the necessary information wpon which standards are
to bo based is gvailable; in wmany more cases such infor-
mation is not at hand and must be obtuined, Eesential
characteristics mast be discoversd and identifled; methods
and devices for measuring them muet be devolaped.

It is recognized that securing the information
essontial to establishmeny of standards cannct Be a hape
hagard process, It mist be definitely plamned and the
field mast be carefully surveyed as to the nesd and the
information available. Ia this conmnestion mach literature
on dried fruits and vegetables has been gsurveyed end come
prehensive gquestionnaires have been sent out to the dried
food industry. The purpose of this manuscript is to dise
cuss the survey of the literabure and to anslyze the ane
swers to the questionngires sent back by the dried food
industry so as to arrive at standards whioh might be bene
eficial to the industry.



PRIVCIPLES OF DUHYDRATION

The purpose in view in drying any food matoerial is
$o reduco its moisture content to such a point that the
growth of organisms therein ﬁiil'b@ no longer possible and
to stop the destrucbive activities of enzymes; and teo do
this with a minimum of alteration in the food valug, apw
pearanco, and palatability of the product. The necessity
for avoiding changes in physiecal appeoarance and chemical
compositien, other than actual loss of water, puts very
dofinite limitations upon the means which may bo employed
to bring about drying and makes an waderstanding of ceprtain
principles a prorequisite to sueccessful work.

it had been found that the more rapidly a material
is dried the better the flaver of the product will be.
Other advantages of rapild drying are that it minimizes
opporbunity for the growth of organisms and for the sponw
taneous chemical changes which set in as soon 88 the ine
terior of the fruit is expossd %o the air. Hurthermore, a
short drying perloed inecreases the drying capaciby of the
drying apparatus., However, it was also found that the
lovor the temperature the better the flavor, and in drying
practice these two factors oppose each other. If, in
order to got rgpid drying, too high a tewmperature is used,
the quality of the product is lowsred. The optimum drying



tomperature to be used 3¢ therefore a compromise betwoen
the two opposing factors.

There are two possible ways in which drying may be
acceleratsd besides yaising the bempspature, nawsly,; by
poaosing cuprents of air over tho material, thus giving a
largse veolume of alpy for absorbing and carrying away
moisture, and by employing air whieh has previcusly had
all molsture reumoved from it by passing through sn alpedrys
ing apparabtug. & theoretically perfoct method of drying
would combine all throe means of hastening the process, and
whils such mothods are in use in serbain industries, they
are impractiecal for drying frulls and vegetebles beeaunse
of their high coste.

Conseguently, practical Grying methods rely upon the
u9e of heated alr, with some means of meintaining the adp
in oirceulation over and through the product .

The moisturescarrying capacity of the air is &
function of 4te towperature, and is practically doubled by
every incresse of 27 degreos in teomperature, Thorefors
the application of a rolatively moderate degree of hoat
brings about & very great incroase in the air's capacity
to absorb wolisture. The tomperature employed is conses
quently the most significant factor in deteormining the dryw
ing rate, and it 4s advisable to employ the highost temper~
ature which can be used without injury to the product, The
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uso of oxtyrome Lomporatures in drying frulbs snd vegetabley
is 4dmpossidle for three reasons: The varicus frulbs and
vegetables contain sinty-five to ninety por cent of waber
vhon prepared for drylng. I€ such waber-filled meteorial
wore suddenly omposed to dry air heving a temporature
approaching that of boiling water, thé rapid expansion of
the fiuide of the tissuss would burst the cell membrancs;
thus permitiing the loas of many of the soluble constitu-
ents of the product by dripping. BSome dcgomposition of

the sugars ¢f the product would also cecuyr at svoh tempere
atures, and the caramel {(Caldwell 1917) formed would injure
both the flaver and the gppearance of tho dvy product.
Purthernore, the very rapid drying of & thin layer abt the
surface of the material would ogour, and this dry leyer
would retard the movement of water oubtward to the surface
from the interior of the material, thus slowing dovm the
drying procose. This phonomenon is celled case-hardening.
The maximum tomperature vhich can bo employed without proe
ducing these injurious offects varies conpiderably with
the dlfferent products, @ince it depends in eVvery ¢assé upon
the physieal structure and chomical composition of the par=~
ticular fruibt or vegebable, but it 18 in all cases wvory
consideragbly below the boiling point of water, The tempor-
aturas usually ocuployed in the dehydration of frulits and
vogetables are botwoon 145 and 170 degrees Fahronhoit.



6

Theore muast Bo & careful adjustment betwoon the amount
of heat epplisd and the volume of aiyr passing threough the
apparatus. The heat roguired $o convert the wabter evapo-
rated from llquid to vapor is very considepsble; the ovapoe
rabtion of one pound of water absorbs o guantity of heat
vhtch would reduce the tomperature of 65,000 cubie foot of
air by one degree Fahrenhell, or 1,000 cublce feet by 6B
dogreas Pehpexnhelt. It would seem that the groatest offi-
cloncy in & drying apparatus would be effocted by allowing
the heated air %0 expond most of ite heat in vaporiazing
water and to permit 1t Lo becoms saturated before ellowing
it to cscepe fyem the dryor. This fact is not the case for
several vroasons. Alr at any given tempoersturs takes up
moisture vapor quite rapldly until 1% has abserbed about
half the guantity it is capablo of carrying at that tewuper-
ature, after which sbsorption goos om at a vapidly diminishe
ing rates AU the same time, the air ie losidg hesat through
the vaporization of wabker, every reduction of 27 degress
Pahrenheit resulting in the loss of half ity molsburew
sarrying sepacity, this loss elso oporating te reduse ¢he
rate of sbsorption of moisture. C(onseguently, it is not
practical to secure saturation of the alyr before allowing
it to escape, as this would make the drying éxcoedingly
slow. The best practice aims at pernitting the air to

vaporize and absord such an amount of moisture as will
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roduce its tomperature by not more than 26 to 35 degrees
Pahrenheit during its paasage through the apparatus, thus
effecting rapld drying at the expense of the loss of about
half of the theoreotical drying efficiency of the heat wsed.
As & metter of fact this heat is not wholly lost, since,
with the latest typce of dehydrator, the heated air is rew
circulatod in part, and vrovision is wade for the escape
of the other part. Without such provision, the aiyr camnot
oseape and will guickly become saturaded, with the result
that the escape of water vapor from the material is stopped
and the product is cooked in its owm jJuilce. This fact is
particularly true with julcy fruits such &9 prunes.

The relative degree of saturation of an atmosphsre
with moisture vapor is called its relative humidity. The
relative humidity of air can only be taken in rolation to
temperature since hot air can take up much more moisture
vapor than ¢ool alr. It is determined by the usoe of wet-
and dry~buld thermometers. The drysbulb reading is the
tomperatures of the air. The wet~bulb reading is a do-
pregsed reading due to the evaporation of moisture from
the wet stocking surrocunding the mercury bulb of the wets
bulb thermometer. The difference between the dry-bulb
reading and the wet-bulb reading is called the wet bulb
depression.

Relative humidity i3 caloulated from the wet bulb
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depression by the use of & psychromatic chart or humidity
table.

Taking the mechanism of dehydration as a whole it
may be said that the rate of moisture removal is Geépendent
on several factorsz which can be divided into two gproups.
One group ecmbraces the physiocal properties of the material
being dried end the other includes the sxtsernal factors
Iknown ag the dpying conditions, Drying conditions include
the tewmperaturs, relative humidity, and volocity of the
air, the relative geometyriocal arpengement of tho drylng
substance and the air stream, and the progence in the dryer
of heatwradiating and heatwconduecting bodles.

In general, the drying of wost solids may be divided
into three distinet pericds: a heating period, & constant
rate of evaporstion porioed, end & falling rate of ovapow
ration poriocd. As an illustration of ¢hese three periods
the following ip elted. If a molst pilece of maberial is
brought 1lnko contact with a warm air stresm, the water on
the surface bogine to evaporate and the vapor diffuses
through the surrounding air film; then it Ls carvied gway
by the turbulence in the air film. The naterial scon
approaches the wel-buld temperature since the latent hest
for evaporating tho water is uvsually high relative to the
sensible heat of the material. The wmaterisl therefore acts

as & wot»bulb thormometer, with the heat iransferred fyom



the warm air snd tho surroundings to the surfacs boing
gquantitatively consumed in evaporating watsr from the
surfaco., The period in which the material passos from its
initial tomporaturs to that of the vwet-buld tomperature is
called the heating period.

As the water on the surface is removed, additional
water may flow to the surfacs from the interior of the
material. This poriod undsér constant drying conditions is
characterized by the constancy of evaporvation vate and s
ecalied the constant-rate periocd. This rate of dryiang is
constant until & definite molsture content 18 pyeached, after
vhich the rate of dyying steadily decrcamses. Thies fact
indicates that during the constant-rate period liguid
moisture is diffusing through the sclid to the surface at
e rate equal to thet of the svaperation from the surfacs,
As the moisture content of tho layer diminishes a point is
reached at which the power of the wolid to deliver moisiuvre
to the surface becomod less than that of the aiy to romove
the modisture by ovaporation. This activity causes the
plane of evaporation to move from the surface of the ma-
terial into the interior of the solid, |

Onece the plane of evaporation starts moving inbe the
interior of the solid; the rate of drying beging to 4i-
minish and the falling rate of dGrying starts. The rate of

drying slove down beocause tho water vapor, instead of being
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formed at the upper surface of the solid and being picked
up by the moving air stream passing over the surface; 1
now being forme® ingide the materisl and hes to diffuse
through the solid befoye reaching the aly stream, vhere

1t 48 womoved. As drying now proccsds the plane of vapor~
jgation will continuo Yo £8ll resulbing in a very slow vrate
of drying at the ond of the drying period.

Pigure 1 represents a typleal drying ourve for a -
s0lid wmaberial. A - B represents the heating peried; B -
¢ reprosente the congtent-rate pericd, and € - D the
falling-rate poriod,

If the material being dried adheprs $o the drying
trays, as it somebtimes will happon with some frunits, & Ery-
ing curve as reprosented in Figure 2 will be obtained.
Drying proc¢eds normally at first while the surface
moisture and internal reservoirs aré being exbaunsted. Thoen
nost of the cavitics ave empbled, the only moisture supplisd
to the surfage will be that held in the capillaries. The
liquid will then begin to rise in the capilleries, and as
the bottom of the frult aedheres Lirmly to the tray, air 4s
unable to eonter the bottom openings. As the liquid rises,
8 vacunm 1s orented in the capillaries and liguid will then
be prevented from rising to the surface. With the supply
of water diminished, the rate of drying will decroéase ime

mediately. Some moisture will vaporize in the capillaries
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and the rate will nover roach zoro. Uhen deying hes
roached a certain point, the material being dried which
has been shrimlking, will pull awvey Lrom the hottom of the
tray, and air will enter the capillerics, The drying rate
will riseo immediately with s new supply of wmoisture at the
surface, and drying will proceed normally.,

Having ocbsorvod the mochanism of drying the uge of
the dehydrator should be éi@@uagea, The Lype of dryer
vhich has largely superseded all other forms of larges
gcale commevcial drying of frult and vegetables is the
forced drafi tunneiwﬂryeﬁ or air<blast dehydrater. Rarlier
forms are Miln_@@ﬁ@ra {st411 extensively used for spplea),
stack dryers, inm vhich tho materisl enbers the dryer on
trays at the top of a veprtical shaft and is romoved at the
hotﬁmm, and tuanel dryers (such as the Ovegen tunnel).
Both of the lattor types make uge of the natursal draft
cavsed by the tendency of heated sir to rises the gource
of heat being at the lowest peint of the systeme.

Vacuum dryers, in vhich the drying is carried ous
undey reduced pressuyre, have boon constructed for the dee
hydration of products sensitive to hoeat. Babt such cequips
wment is expensive, and not in goneral uwse for fruits and
vegebables,

Although forced draft and recirculation are used in
most tunnel dehydraters the methods of heating'and conducking
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air flow through the plants vary considerably with the de-
hydration units $0ld by different manufacturers.

The air to be pagsed over tho drying fiMmait or vegs-
table 48 hoated by direct heat, direct rediation or in-
direct radiation. By direct heat is meant the addition of
hoat unite vo the air wsed in drying without the inters
vention of Purnate walle oy flues. This practice can ba
done only in instences in vhich thore are no combustion
products that might daxage the product,. This heating
system is particularly well adapted to %h@ use of natural
gas ag fuel.

Direct vradiation ap used im the drying industry
refers o the absorption by air of heat fyom burning fuel
by direct radiation through the furnace walls, fiues, o
radietorss This systom offers the advantages of belng
clean end permitting the use of any kind of fuel,

Indirect radistion is the generation of heat at &
distent point and ite transporbation to & poiat at which
alr is to be heated by meens of steam or hot vabter radige
Eo0g, o

The counter curient and combination air woveweont
systemg are in most common use teday, bubt the parnllel
current and counstant temperature alr movement oystems also
have boeon used to some extent in the dehydrabtion of fruits

and vegetables.
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When the counter current system is used the air and
product move in opposite directions through the drying
tunnel. Tho fruilt or vegotable enters at the cool énd of
the tunnel end finishes at the hot end of the tunnel.

In the combination system of air movement the aire
flow i3 80 arranged that bthe hﬁghes%\taﬁpera%ure is at the
cenver of the drying tunnel. The tunnel may be stralght
with the alr flowing toward the ends from the conter, or
it may bs "UY shaped with the air flouving from the bend of
the "g" toward cach end. In sither case the maberial
onters at e lower teémperature and moves toward the hottoey
air at the center, roaching it after sbout half of the
drying period 1s over, Then the fruil or vegstable moves
past the ceéntor amd finishes drying &t the second c¢ool end
of the tumnel. Although this system ig used rather exs
tensively it is more difficult to control than the mope
simple counter current system. If the temperature at the
conter is allowed to exceed the ecritical temperature, the
temperature at which the product may suffor heat dawage,
overdrying, injury, and loss in yvield may result unless ali
pleces dvy at the same rato.

Yhen the parallel-current system of air-flow is used
the fruit enters at the hot end of the tunnel end moves in
the same direction as the alr flow., This systom scenms

satiafactory from the standpoint of critical temporature
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but 1t is unsatisfactory from the standpoint of evaporabion
of water bocanse of the sugar and gum content of the frult.
Wateor 318 easigst to ovaporate at first and hardest at the
end., A hipgh initial Semperature often causes bleeding or
oxudation of julces from the fruit with & resulting logs in
yisld. Cruess (1938) states, howeveyr, that this system isg
suitable for the dehydration of vegetables.

The constant temperature op cabinet systom is rarely
used and iz of value omly vhen small plants are drying a
variety of products, such asg vegetables, and 1t 18 desirae«
ble to keep them in sepavate drying cabinots.

In most dehydvators the alr is drawm from the heat~
ing chamber and forced bthrough the drying chamber under &
pressure. This procedure gives more pogitive distyibution
and tomperadure control than if aiy is drawn through the
drying chambor. A good piv-flow is necessary and uevally
should not be less than 500 lineal feet per minute.
Christie (1921) has classified =iy velocitics between trays
in tunnel dohydrators gs follows: below 400 feet per
minute - poor, 400 to 600 feet per minute » good, 600 to
800 feot peor minubte « excellent, and 800 to 1,000 feet pep
minte « exceptionsl. In order to obbain these air flows
various types of fans have beon tried. It is now held that
the multiveane fan and the propellor type fan are besh.

The latbter type is much cheaper than the former.
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The effeotiveness of a dehydrator fan depends to a
conglderable extent on the cauvse of air movement, When
alr e foreced through nerrow channels back and forth across
the tunnel as is done in some cases it iz necessary to use
fang capable of overcoming the stabtilc pressure. In somo
ingtances two fans,; placed laterally or at the end of the
tunnel, are wsed.

The voluwme of aiy has no effect on the guality of
the product, but uniformity of distribution is important
in obtaining uvniform drying. The rate of air-flow, howe
evor, is vory important from the standpoint of dehydrator
capacity and efficiency. Nore wapid air«fiow induces
faster drying, and henee greater capacity and less cost
per ton. Therefore power, fuel, and labor operation are
diminished, If thoe length of the drying tunnel is in-
ereased the veloocity of the air«flow should algo be ine
croased correspondingly in order that the teémperature drop
and humidity increase will not be 80 great as to prevent
drying at the cold end. The decroase in tempseraturs isg
dependent on the relative volume of air, the product to be
dried, and the rate of evaporation from the frult. Dehyw
dration tumnels should be from forty to £ifty feet long
(Wiegand, private commnication),

It is charaotepristic of most operators Lo recirouw
late as much air as pogsible in order to obtain maximum
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fusl afficiency. On the other hand, recirculatbion is somew
timos minimized during the rush seagon in ofder to reduce
the dryving tiwo. This pracstice has often caused inemperie
enced operators to suffey great losses resulting Lfrom
togsoshardening® and vltimate micro-biclogical and chemical
Geteriopration,

In ordelr %o provent case hardeoning the dpyying abili-
ty of the alr must be limited ¥o the ability of the tissues
of the material to be dried to give wuwp thelir moisture.

The oxudstion of molsturs from the product varies with the
variety, maturity, soason and the physical condition of
the fruit, These factors ghould be taken into considerasw
tion by the operater of the dehydretor.

A dehydrator hunidity in oxcess of twenty-five po¥
¢ont at the hot end causses most fruite and vogoetables o
dry slowly, and tonds to bring about more or lese injury
to coloy and flavor. Below fifteen per cent Grying is @
little fastey and the fuel codt is noticoably reduwced., If
the product is placed in & warm aiv of high humidity which
hoate and expands the material but does little or no drying,
the fruit or vegetable will burst, dbloed, become sticky,
and dry slowly, In most cases the humidity at the cold ond
of the tunnel should mot exceed sixty to sinty-five pew
cont in ordor %o permit dvying to start imwediabtely.
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THE TUNNEL DEHYDRATOR

There arc many forng of dohydrabors in ¢ommerclal
use and many others have boon designed but areé not used
comnopreially. In géneral, dryers may be placsed into three
elasses, viz.s 1. natural drafd dryersi 2. dilatillation
dryorsy and J¢ forcod-drafl dryers.

0f theseo tbree classcs the forced-draft dwyer hag
found most universel use.

The forccd-druft dryer may be subdivided inte three
typess ,

Y. The continuous aunbtomatiec type, v which the
material is carried through the dryer by some sort of
nochanical conveyanco.

2+ The compartment dryer, in vhich the maﬁariél ig
stacked on fixed shelves and exposed bo drying conditions,

S« The tunnel dyyer, which is usually o doubles
tiored tunnel through the upper one of which the material
is pasged for drying, the lower tieoy comtains the heating
and alr eirculating unibs.

The forced-dragt bunnel dehydrator is showm in
Pigares 3 and 4. It has proved to be the most efficient
type of dryer in commekelal wse for the dpying of fruits,
It p@rﬁﬂtﬁ most rapld deying withewt injury, is the loaset
costly dehydrater to build and to operate, and, according
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to Cruscss (1938), permits of more uniform dyying. I%
normally consists of a chamber which is longer than 4% la
wide, and through which the produst to be dried movaes pro-
gregsively on trays stacked on cars. The drying chambey
oy tunnol is supplied with a current of heated air which is
inbroduced at ons end and removed from the opposite end.

The furnsee room mey be located at one end of the
tunnel, at the side, above oy bslow the tunnel. A very
convenient arrangoment, end one vhich is most generally
ﬁsad, iz that in which the furnace and heoating gystemg are
located in o tunnel below the drying twnnol with the fan
ako in this lower chamber as indicated in Pilgure 3.

The length of forced-dvaft tunnel dehydrators in
commerelial vee varies from forty to sovenbty feet, though
Wiogand (Private commmnication) advoecates an optimum
longth of ferty«five feet foy e¢fficilency. If the tunnel
is longer than this, for okample sixty feet long, very
ldttle if any drying ccours in the cars placed at the cool
end until they have boen worked up to bten to twenty feeb
towards the hot end. During this time marked deterioration
of the fruit often oceurs and it takes on a watoresoaked
appearance, In some cases severs drip or exudation of
liguid from the fruit will take place.

Flgure 3 showe the height of the Humel to be Five

foet eloven inches., Commercial tunnel dehydrabtors are
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usually six to seven feot high. In 2ll canses the helght

of the tumnel is determined by capacity, that is, by hov
many trays are to bo stacked on the cars, and by effi~
aie‘my of operation, since it 1y denired to stack the trays
to within two inches of the voof of the tumel.

It s important that tho cars £it the tunnel walls
¢losely to pravent alr byspassing around the cars. To held
cars with trays of stenderd width (throe feot) the tumnels
are made thres foet and threc inches wide, inside moasures
mont, ‘The extra thres inches 18 $o allow one and ono~half
ingh clegrance on each gide of the carsg,

Hodes of heating aiv, Tho air used in the tunnel

dohydrator is ususlly heated by contact with steam pipes or
with large flues hoated by the produsts of combustion of
natural gas, crude oll, weod, coal, or other fusl, It may
also be heated by mizing with the preducts of combustion
of & c¢lean~burning fuel; such as stove distillate, kerosene,
or gase

The mosd ¢ommon hoating uinit in use consists of a
furnace room oituated below the drying tunnel. This
furnace 1 comnected to a series of large shoot metal £lues
which are led along the tunnel bYeneath the drying chanxber
| two opr more times Bofore jJoining the stack. In some cases
the furnace and padilating pipes are replaced with a stesm
boiler end steam plpes, the latter placed jmmediately



beneath the drying {loor.

Fans. The heated air is eithor forced through the
tﬁnnal under positive pressure by means of a bloveyr fan op
is dravm through the tunnel by means of & sugction fan.

Fans are of four types: disk, multivane, aeroplans~
propeller, and paddle whoel. Crusess (1938) states that the
maltivane and the aeroplane~propeller types are the more
efficient. |

It is desirable that the forced~@raft tunnel de-
nydrator be so constructed thet any preportion of the air
may be reciprculated. PFor this purposs an inlebt duct and
an cutlet duct are made, one at cach ond of the tunnel on
the floor of the drying chember. These ducts shounld be
sufficiently lavrge to allow free passage of air to and from
the dehydrator., An oublet duct tho full width of the
tunnel and three feot scross is often used. The proportion
of recireulated air is also oonﬁrclled‘by the adjustable
apertures which allow the alr to escape or be taken in fronm
the outsides The ducts in the floor are rather for gircu-
lation than rescirculation.

Tracks, cars, and trays., The material to be dried

is usually spread on trays. Cruess (1938) claims that the
most satisfactory tyray for general use is the slat bottom
tray measuring three feet by three feet. Thess trays are

stacked on cars vith sufficient space between the trays to
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allow the passage of tho requisite smowd of alv. The cars
are guided In the tunnel by tracks, and in some cagesd 4
track systom 1s laid throughout the plant.

Capacity of tunngl. The holding capacity of a
tunnel is uswally based on the number of sguare feet of
tray aresa malbiplled by the load por aguaere foob of trays,
and the output por twenty-Lfour hours depends on the dry-
ing time and is usually stated in tons of wet material.

It may be considered that e tunnel 18 forty feeb im length
and holds twelve cars. Each capr supports sighteen trays
gach measuring three feot squere. Tho total tray area Loy
that tunnel is then 12 (ears) x 18 (frays per cav) & 8 x

5 (tray surface) square feot. These figures are equiva~
lont to 1944 square feet, I one aguare foob of tway
surface holds three pounds of fruit the capacity of the
tunnel is 1944 = 3 = 832 pounds. I the product ig dried
out in eight hours the tunnel canm dehydrate a 1ittle less
than three loads of 5832 pounds sach in a twenty~four day,
Thet 88, its daily capaclity for that perticular kind @f
frult s approximatsly eight ﬂoms.

Oporation of tunnel dehydrator. The prineiples

anderlying the operation of a dehydrator hove been conw
sidered. From these, the dotails of operation are easily
underatocd, In the tumoel dehydrator operation would be as

followsy when the first five or six cars of a Bwaelve-cap
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sunnel are loaded they are pleced in the dohydrator, whieh'
has previously been heoaved. The fan is started. The
touperature ig set at the hot 6nd ot 168 degreos Fehrenhoit.

Az soon as the sixbh or thoe soventh car is londed,
vhich should be in 30 to 45 minuses, the fan iz slowed
down, the doors opened and the car added at thoe cold ond,
This procedurc is reopozted until the tumnel is full., The
cars aroe allowed %o remain in the tunmsl uwntil the fruit
in the first car is dried to the Geosired moisture content
which is ubually ascortained by fool.

Anothor osr is then loédaﬁ and added to the cold
end of the tunnel, displacing tho {irst car oul of the
opposite ond vhich is conbimed as the cars of fruill becoms
4wy .

Control. To produce a high-guality produst uuder
conditions of economical operation, it is necesssry %o have
accurate control of the conditions of dehydration, This
practice can only be done with control instruments and by
keeping an accurabe record of the air conditions during the
operation of the dehydrator. Records can be used as &
chock on the plant ¢perator and 1f at any time a poorw
quality product is produced & complete set of records should
reveal the reason.

The temperature of the air at the hot end of the de=
hydrator should be controlled. A rocording dry-buld
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thexrmometer should be placed at this end to accurately
rocord the tomperature of the aiyr immediately before it
meets the frult., Temperatures above I70 degrees Pahyren=
heit &%t this point will cause scorching, though some
frults may escape injury unb il 178 degrees Fabrenhoit is
reached

In she bunnel dehydrator & woebt and dry bulb record-
ing thermometer should be pleaced immediately bofeore the
outlet duct. A4 complete record at this point will largely
explain heat losses and dotermine the emount of alr to be
roloaged or recirculated. When the outlst alr is at oo
low a bumidity, outled and inlet ducts should be closed.
When the oublet alr iec at too high a humidity the outlet
end inlet ducts ghould de opened to allow the escape of
the humid adr and its replacement by dpyer air.

The enowmometor is used for determining aly veloeity
and is of value to the operator of a dehydrator. Theminte-
nence of air velocities is important to papid dohydration.
Evenness of air flow and by-passing of air can bo dotormined.
To regulate air flow so that the drying air may pass over
the fruit, baffles way bo pleced above the position of sach
car in the dehydrator if too much alir is passing boetween
the top of the cars and the celling, or baffles may be
placed along the side walls of the tunnel if air s bye
passing along the walls,
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PRETREATMENT OPERATIONS

Sulfur dioxide has boen used for the treatment of
foods since sncient times. Fruits are so treated in order
to preserve their natural color, flavor, and, in pars, to
protact certain putritive valuos. Sulfuring also prevents
enzyme and miorobiologicel debtorioration, repels insecctse
to some oxtent during storage, and facilitates drying by
plasmolyzing the c¢ells., Years of sciontific investiga-
tions and practical experiments have failed to reveal
anothor protreatment agent equal to sulfur dioxide in pre-
serving the desired qualities in cub dried fruits.

Whoxt sulfuyr is burned in air it couwbines with the
oxygern of the ailr to form sulfur dioxide, a colorless gas.
The white fumes comnonly seen in sulfur houses are Gue to
the fogging of water vapor about particles of sulfur trie
oxide simultaneously produced, but which reprosents a
small portion of the sulfur burned. The formation of
sulfur dioxide by burning sulfur in air may be stated by
the following squations

+ = S'Q*Z'

18)
(oxyfem)  (Sulffr aioxide)
fhen sulfur dioxide dissolves in water op fruid

S
{Sulfur)

julee 4t forms sulfurows acid which is & weak acid: The

eguation for the remction of sulfur dioxide with water to
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produce sulfurous acid is

809 ¥ Ha0 = HaS0g
(Sulfur dioxide) (Wager) (Sulfu¥ous acid)

Sulfurous acid is used as a preservative in numerous food
products. fThis acid, and its salts (sulfites) are re-
ducing substances (having oxygen removing powsr) and it is
this property vhich is probably responsible for its action
in preventing discoloration. |

The control of sulfuring is of primary importence
to the producer of quslity dried fruits., The trade demands
s light and uniformly colored produet that will not de-
teriorate or darken during storagoe. For this reason the
fruit mast contain a sufficlent quantity of sulfur dloxide
vhen first dried..

hen frult onsce darkons during storage, subseguont
exposures to sulfur dioxide will not chenge the appearance
of the darkened frult ¢to that of the originally prepared
fruit, Conseguently it is often necessery to dispose of
darkened fruit on a lower«gquality basilie and at & lowepr
price. Ilove (1937) bas eomphasized the iwmportance of the
first sulfur treatment in regard %o the retention of color
in dried apricote.

To maintain the desired qualities in fruit 1% has
been found necessary to incorporate inm it an excess of

sulfur dloxide to allow for losses cecourring during handling
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and storage. The ¢exact amount of sulfur dloxide nseded to
preserve the color and othor qualities of dried fruits
varies with the nature of the fruilt and with storage conhe
ditions, For example, dried cut fruits may be relatively
low in sulfuyr dioxide comtont and $till retain the charmce
toristic color of the fruilt if properiy and thoroughly
dried. Cut fruits of high molsture content will darken
during storage even though they contaln a high inibial
sulfur dlonide content, .

In South Africa and Australis systomatic rosearches
have boen c¢carried ont on the sulfuring of fruits for drys
ing in order to ronder the process less haphazard and to
bring the finisghed product into line with the food regu-
lations of the various countries to vhich the dpied fruit

is exported. These regulations are as followst

TABLE I

Parts per Millionm
of Suifur Dioxtide

Groat Britain 2000 (750 for raisins)

Canada 2500

Switzerland _ 2000

Goymany, Austris, Rungary 1250 | |

Czecho~S8lovakia 1260 (raising only)

Franca 1000 _

Japan 1000 (spyicots) Wone
allowed on other

 fruits

Country
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It 1s gomerally agreoed that the varieby, wmaturily,
and genoral conditlon of the fruilé are important factors
in determining the absorption and veotention of sulfur die
oxide. Jowoll (1927) stubed that poaches and poars 4o wot
absorb sulfur dloxnide as roadily az spricots and for this
roason ave not as ¢asily oversulfured., Aceording %o
Culpepper and Moom {1987), peeling or sllicing of pears
enhances the nbseorption of sulfur dlonidse. Quinn and eaoso~
clates {1929) Indicated that fruilt to be sulfured should
be of Yoating rips" maturity. Nichols, Mark, and Bethel
{1939) showed that color and sulfwr ﬁibxide rotention by
dried apricots varied with the locality in which the fruit
was produced.

In Australie smethoeds of sulfuring fruites,; particu-
larly apricots, have begoen developed and stundardized as
the result of the work of Lyon and others, and & rcport
has been dravn up by & committes of experts the objeet of
which was to recommend & procedure suitable for uge in
Australie and likely to produce a satisfactory product cone
taining less than fourteen grains of sulfur dioxide pep
pound (2000 parts per million).

The chief recommendetions in the report are given
in the follewing pointm: -

1, All fruits should be picked at "eating ripe®
maturity and any over-yipo or unripe fruit should sither
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be dilscarded or swlfuved geparatoly. This action ensures
valform sulfuring, since firm fruit absorbs less sulfup
than ripe fruis and generally gives on ungatisfavtory
product .

2, The suliuring chambor should be of Light moterie
al ("Mathoid® wvas recommended) and sufficiently alir-tight
to extinguish the sulfur fire when @ll vents are ¢losod.
In tho case of wmovable hocds, preocautions should be taken
zo provent ingrose of cir at the bass of the hood (an, for
example, by packing with wmoist carth), A numbor of small
wnits gre peooormmonded In preforencse o one large one 80
that fruit noed not boe held for auy length of time aftey
cutting and vefore sulfuring.

Then one fire 4 uwsed; a vent hole one ineh in di-
smeter should ho provided in the reof of the chambor close
o tho wall farthest from the sulfuring fire or ia the
conter of the yoof vhen a fire is placed at each end of
the chawber. A4 wmovable glass slide for ingpsotion is alse
rocommendod

B« Six to eoight pounds of gulfur (dry) per ton of
fregh fxuilt ig rocommended. The sulfur pit should be situs=
abted just outside st one or both ends of the chanber with
a froe entrance for fumes and a small inlet vent to admit
the air necessary for combustion. The sulfuy should burn
steadily all the time the fruit is in the chamber and



glight fumes ghould be spparent at the vent hole, If all
the sulfur 18 burnt before the expliration of the corpect
perict, an excessive dravght is indicated which should Be
retuced in subsequent operations wnbil just a 1itble
sulfur 1g loft,

4. ¥Fruilt should stend not wors than one o two
hours between cutting and sulfuring., and 1t should be
stacked fyom the bottom vwpwayrds inm the order in whleh %
was cub, It has boen shown that Lruit whonm froshly cub
absorbs sulfuy mosh repldly. The errengewsent in stacking,
therefors, tonde to bring about uniformity, sinmce the
£yl with the drisst eul surface comed in conbadt with
the mo&t Genpe sulfur Purwes.

Be PFour %o sim houvrs? oxposure I8 reogommuenged
under average summer-day bLomporatures in Australin. On
very hot days four hours is sufficient, It is nob thought
advisable that frult should be leff in the chambop ovorw
night.

6. The charactertics of correctly sulfured apricots
are described as followe: The skin should bo easy to dew
tachy the color should be evén, and there should be dige
tinot exudation of juice into the oups, although the £ille
ing of tho cups with juice is not & rolisble indication of
the complotion of sulfuring.

The losge of sulfur dioxide from the fruit undey
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different conditions of storage iz 1illustrated by an eXx=~
periment carried out by Nichols and Christie with dried
apples Initially containing one hundred forty«five parts
per million of sulfuy dioxide. Half of these wore packed
and sbored at Berkeley, California, the other half were
packed and gent to New York and baok through the Panams
Canal. After five months the formey contained sixty«eight
parts per million of sulfur dioxide and were in good cone
dition, the lattoer contalned only thirty~one parts per
millilon. Thers was considerable darkening which was as«
cribed malnly to the loss of sulfur dioxide. Taking into
considoration also tho effeet of sulfur in preserving
viteming, Nichols and Christis consider that it may ulti-
mately be thought necessary to insist on a certain minimum

of sulfur dioxide which the frult mst contain rather than
& wexirmm which miast not be oxceeded.

There is no agreement concerning the desiradility
of sprinkling fruit with water or brine selution prior to
sulfuring. Christie and Barnard (1925) believed that bee
cause the reaction S0g + Hpl = HpB0z ocours during sulfurs
ing it was desipaeble to sprinklec the fruit with water before
sulfuring. Anderssen (1929) found that apricots moistened
before sulfuring contained wore sulfur dioxide than une
molstened apricots, but the Linal guality was about the
same, According to Jewell (1927) the amount of moisture
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on the surface of the frult influences abgorpvion. Chace,
(hureh, and Sovber (1930}, on tho other hand, could detect
no differsnces in the absorption of S0y or in tho appears
ance of £rult sprayed with water bofore sulfuring.
Beskhwmis (1I086) sbstos that the sprinkling of pears with
vater hag boen abandomed im wany drying yavds as 1t doas
not seem £o answer any definitc purpose., Lyon (1930},
Vichols and Christie (1980), and Nichols (1088} state that
sprinkling frult prior to sulfuring has no benefieial
offect« SBtorage of the fruit between oubiing and sulfupr-
ing was considered undesirable by Beolthuis (1956) because
it permitted dryimg of the fruilt surfaces and ho recome
monded that the period between cubting and sulfuring should
be less than one and one~half hours.

Blanching in steam or hot water prior to sulfuring
does not alter the sulfur dioxide absorption or retaining
capasity of the frult according to Michols and Christie
(1930} and Chace, Church, and Sorber (1933)., PFruit
blenched afber sulfuring, however, retained L4fty pey cont
moré sulfur dioxide than unblenchedl frult.

Horgan and Fleld (1929), and Horgzan, Field and
Wichols (1931}, studied the effect of sulfuring of peaches,
apricotis, end prunes before drying on the retention of the
antiscorbutic (C) vitamin. They found with apricots and
peaches that if 450 -~ 800 or more parts of sulfur dioxide
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per millilon were retained, sulfuring protected vitemin C
from destruction. With prunes this protection uvas
groatest when the fruilt had dbeen dipped in.%oiling lye,
owing to the fact that thoe lye trectment facllitated the
penebration of the frult tiusuwes by the sulfur fumes.
Horgan {1936) found that vitamin By is largely do=
svroyed by sulfuring. She rocommends thet fruits rich in
vitaning A end ¢ bs sulfured prior to dehydration to row
tain these dosirable constituents and that fruits tuch as
raising vhich are rich in vitamin By should not be
sulfured but should bo lys dippred and thon dohydratoed.

Blanching and Precooking

Most vegebablos lose thelr color and fiavor rapidly
after drying unless they are blanched in steam, boiling
water,; or salt solution before drying. Blanching Gestroys
the enzymes redponsivie for & great deal of the undesirable
change oceurring in dried vegetabloes, hastens the rate of
dpying in many cases, and arrests changes which tewd to
meke the vegetable tough and Aifficult to cooks It also
intensifies and fixes the evlor in somo cases. Some vages
tables however, such as tomatoss, onions, and poppers, are
not improved by blanching. Bubt the xrule generslly followed
in dehydration of vegeotables is "AlLl vegetables mmst bYe
blanohod,”?
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Thore are two goneral mothods of blanching used in
the dehydration industry, dlanching in stoam end blanching
by imwersion. NWichols and Gross {(1921) sadd that blanchw
ing by fmmopsion produces dehylrated preductes ogually as
atiractive as those pw@@arﬁé by steom blenching, and
blanching by immorsion can be controlled more offectually
than steam blanching.
Caldwell, MNoon, and Culpepper {(189388) list the
following disadventages of blanching by immersiony
1+ There ic & large loss of golids by solution
in the iumorsion liguid.

2. (Consideyable guantitiocs of ligquid are absorbved,
80 that tho $ime regquired for drying ie ine
oreased.

3¢ The mateyial becomes greabtly softened during

cookling, and mueh erumbling and brosking of
slices o¢cuprg in spreading the dlanchod mge
verial on thoe drying trays.

The merits of steam blanching are claimed that there
is loss loss of soluble solids and less logs of vitaming
than by the lumersion process, and that less wator is abw
sorbed. WNichols and Gross (1821) say, on the oﬁ&er hand ,
"It is dmpossible to make definiteo statements of the exact
nunber of minutes which each product should romain in any

particuley steam processing chamber in order to be properly
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blanched, The durstion of exposure will depond upon the
temperature of the produet during exposuré cnd the farther
the temperature lies below 212 degrses Pobreonheit, the
longer 4t will take %o lnsectivate the onzymes and to reach
the propeyr sbage of coclting,

When we consider that tho blenching is accomplished
in a very fow mimmtes, usually wmuch less than ven minutes,
it wildl be obvious that the deviation of a single minute
from the propey time may prodice an improperly blanched
product., For thove ronsons, steam blanehing is not g dow
pendable as desired,”

Roweyer, dlifferent vegoetables weact differently to
these two mebthods of blanching. Cruess (1938) records
that cabbage should be blanched in live steam about two
minutes on screon btraye. NWichols and Gross (1921) found
that carpots gave the best dehydrated preduct vhen blenched
in g bolling two per cent salt golution Lor twe to foup
minutes; the geme investigators found that petetoes e«
sponded best (o steam blanching,

Ckyva should be sliced and blanched about two minubtod
in boiling weber; string boans and pesas should be blanched
in live steam on seresn treys threo to ten minutes, depends
ing uvpon thelr mabturity.

Prulits are not generally dblanched thousl some of

them respond well to blanching elther in steam oy in boiling



water, Oruess and Christic (1921a) roport that in some
plants prunsg are blanched in steem before drying, stoamed
prunes drying elightly more rapidly than dipped prunes,
They algo reported that dehydrated stesmed prunes were
reddey in ocolor and more translucent than dehydrated lyew
dipped prumes, With ample steam supply; twe to £ive
minutes! exposure to steam was found sufficilent, but in
instancos wherse the steam supply was inadequate, & longey
peried of treatment was reguired, Prolonged steaming
cavsed bursting of the frult and sticking to the trays,
Certain varieties of grapes such ag Tokay and
Enperors respond satisfactorily te steaming. Plants in
which only Tokay grapes are dried can use stoaming to ad-

V&K!tagé o

Dipping

The purpose of dipping is to romove the dust and
waxy bloom sand to render the skin more permegble thus
hastening the drying process. Ideal dipping “"eheoks® the
entire skin with many short, shallow orscks., Dipping thab
ie severs snough to produce long, deep cracks is 1ikely to
peel some fruits. This treatment vesulte in loss of juice
and yield, sticky fruit, and sticky, troublesome trays.
The more advanced the maturity of the fyruit, the more se«

vere is the dip required %o chock the skin, Foy this
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reason it 15 laportant that all the frult handled bBe as
uniform in maturity es possible.

Some plants have discontinued the practice of lye
dipping their frults because it ip claimsd that & "cheoked"
skin detracts from the appearance of the fyuit.

The fruits that ere more commonly dipped prior %o
dohydration are prunes and grapes, Ascording to Christie
and Wichols (1929) lye dipping of prunes 18 not 68 o~
sontial in dehydration as in sun drying, though 4% i
customayry and desirable, It should be followed by vinsing
in clear wate¥, proforably with sprays, Over-dipping
should be aveided for 1% causes prunes teo bleed or drip,
and stiock o the trays.

Aecording to Cruess (1938) grapes should be dipped
in lye or sodium carbonate solution before de¢hydrating.
Muscat and wine grapes vhich posseéss tough skins require
a relatively strong solution {two to three psy cont sodium
hydroxride), while Sultanina (Thompson Scodless) and Tokay
are tendepr«shtinned and & dilute lye solution (one-fourth
to one~half per ¢ent sodium hydroxide) checks the sking
satisfactorily. The length of immersion in the lye solue
tion is from threoe to six seoonds and the grapes are
rinsed in wabter immedistely after &ipping,

Forest in 1929 took out a patent for improving tﬁa
appoarance of dried grapes by dipping the frosh fruit in
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& ¢old solution of godium c‘;amhoziat_e on the surface of vhich
is o thin layor of oil ¢xpressed from the sseds of the
grapos themsolves,

According to ﬂmesé {1938) cherrios should Ye dipped
in @ilute boiling lye solution {onse«~fourth to oneshalf per
cent) and pinsed in water before dohydration. Cruess end
Christie {1921} saié that Qipping for 5 to 20 secomds in &
boiling two per cent sodium carbonate solution, followed
by rinsing in wator, checked the sking of Royel Anne and
Black Tartarisn cherries more satisfactorily then did
dilute lye solutlons. These suthors said that the iyo
tended to pesl the more tender frult, ailthough good retlts
wore obtained commercially by dipping cull cherries for
ten $o mimiy ssconds in a boiling ao‘mtim containing one
per cent of Cennerts alkali, & mixture of lye and carbonw
ates Dipping reducod the drying time approximately one
half.



DEHYPRATION OF VARIOUS FRUITS

Since each fruit reguires special treatment, it is
best to consider each of the wore fmportant ones separates
1y,

Apples

Apples for drying cshould be in firm condition, ripe
but not over-ripe, end should give & elean, white product.
The fruit is peeled, cored, and trimmed mechaniecally as in
canning and may be cut into slices, rings, or diees, To
prevent browning it may be given & preliminapry sulfuring
before slicing in an apparatus of the conveyor type, or
the slices may bo coversd with a two pey cent brine as in
canning aslthough (ulpepper and Caldwell (1927) have shown
that this procsdure imparts & grayish colop to the dried
produect with some wvarileties,

Cruese states that complete sSulfuring of apples in
the unsliced peeled condition reguires forty-five Lo
ninety minmutes as against tventy to thirty minutes after
slicing or fifteen minutes if the slices aré proviously
dipped in & threo to five per cent salt solution, Hichols
and Christisc (1930a) state that sliced apples shouvld never
receive loss than one hourt's sulfuring - preferably two
hours ~ and that there is no danger of tho presence of oxe
cess of sulfupy dioxide in the finished product. In fach,
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the difficulty is rathor to cause the fruilt te take up
sufficient for pressrvation {(not less than 200 parts pey
million),

Cruess states that spples lond themselves woll %o
the parallel system of air circulabion by which it ig
pogseible to dry them in two to throo houws. The tempera-
tures in use are 180 degreos Fahrenholt for the lower-most
trays in stack driers, and 140 to 175 degroes Pahronhelb
for airs«blast driers, Wichols and Christis (1980a) recs
ommendad tho counter current system using as the maximum
temperature 160 to 165 degress Fahvrenhoit. These authors
state that for rapid deying the rdlative humidity should
not onceed olighteon to twenty voy cont at the hot eénd.

Apricots

According to lorris (1833) dried apriecots have the
finest flavor whon prepavred from fully ripse frult, but
Sueh.fru&h ig aiffioult to handle end mey lose its shape
in drying.
shriveled tough product of pooyr flavoyr. The fruit should

tnder-ripe £rult on the other

hand yields o

be ripe encugh fov eating, and s&&ghﬁly riper theh is ros
guired for camning.

Apricots ars not peeled but ars cut in halves
around tho suture by hand and the stones removed. The

halves are grrangoed cups upward on trays and sulfured for
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for two to Lfour hours. The finished produvct should cone
tain about 15600 parts por million of sulfur dioxide.

In dehydrating, Cruess (1938) recommends that the
temporature at the end of dehydration should nob excesd
160 dogroes Fohrvenholt, ond states that 180 degroes Fahrenw
heit or below gives the vest resulis. According to Nichols
angd Christie (1930a) the most denivebdlo humidities at the
hot ond of the tunnel should be approximately twenby«Tive
per cent. The alr veloeity should be the manismum con-
sistent with efficioney =+ not less than 500 and not mere
than 800 feet pepr mimutoe.

Banenas

Exporiments in tho Pruit Products laboratory of the
University of California at Berkeley demonstratod that a
dried product of abtbractive appearance end pleasing flaver

could be made fyom banenas in the following manner. The

ripo fruilt was peeled and sllced longitudfnally in halves
or in strips aboub a quarter of an inch in thickness. It
wags then sproad on traye, sulfured for twenly to thirty
minutes, and dohydrated. A.tampewatuwa of 200 degrees
Pahrenhoit was used while the frult 8till contained a large
amount of waberx, but 165 dogress should not be exceeded
during the last stoges of drying., Twenty per cent moisture
in the finished produet gave a very desirable texturoe.
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Tho drying patic of the pooled frait was approximately S:l,
of the unpecled fruit, 4.5:l,

B@mrﬁea

Loganberricgs Crucss and Christie (1921a) ropovt

that firm, ripe, freashly picked logonberriss yvield a dew~
hydrated produet of esteellent flavor and color, with the
individual dsrries coual in size to the owxiginal fresh
fruls. Over-rips sud brulsed dberrice lest considerable
julce by dripping ond tended to form "slabs.? They rece
ommended the pavallel curront systom using en indial
tomperature of 200 degrees Pehrenhelt end o fimal Sompers
ature of 160 degrees Pakrenheit. The Inmitial humidity is
six per cony rolative humidity and the humidity of the
ovtlet emﬁ thirty per cent relative humidity. Under those
conditions and with an alp folocity of 975 feot per minute
deying was ¢ompleted in gseven Lo olght hours.

Rasgpberries: Roaspberrics arc dchydratod without

preliminary troatment. A dohydreted product of axcellent
color and flevor 15 produced by atarting drying ot 189 do=
grees Pohwenbelt and bten per cenbt relative humldity and
£inishing at 100 degrees Fanvemheir. Using alr at o voe
loeity of 970 feot per minute, drying ie completed in four
and a half hours.
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Cherries

Cheryies are washed, the stones ¢fdther removed by
machineyy or not a¢ depired, tvayed, steasm-processed, and
dried. This fruit may be lye~dipped to crack the sking
and, if of the white variety, sulfured for & short time.
Cruess gives the maximum temperatuve at the ond of the dvy-
ing period as 170 degrees Fahrenheit and the humidity ten
to twenty~five per cent relative humidity. The cherries
will then dry in eight to @walva~§@urs,

Datoes

According to Cruess dates to be pucked ag dry dabtes
are placed in the dehydrator directly from the trse and
dpried at about 110 degrees Fahrenhoit to the desived
molsture combtent. During drylng they lose thelr ase

tringency and become semi<transilucent.

fhole white figs, which have boen allowed %o ripen,
to partially dry on the trees, and to drop %o the ground
vefore gathering, can be dehydrated in the vhole state in
nine to twelve hours at 165 degrees Fahrenheit. If the
frult is cub in half, drying is mmch more rapid.
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Cruogs {1988) states that grapss in the dehydrating
procc8s respond wsll to the paralleld current systom with
an initinl tomperature of 200 degrees Fohrenhelt and &
finishing Somperaturs of 160 to 165 deogrees Fohwenhelt.
Dipped grapes may also be dried in twonby or thivty hours
by the éomh@@rmeurmemﬁ pystom with a finishing teomperabure
of 165 degreos Fohreéevhelit, After drying they may &f
nocossary be atemmed by machinery and seeded.

Nichols and Chyristie (1930b) state that & moderabe
bumidity not exceeding twenty-five por cent ot a finishing
temporature of 165 degress Fohrenbelt is the most desirable
for the dehydration of dilpped uwnsulfured seedless grapes
becauss it gives yrapid eofficient dohydration and a product
nost closely roesembling normal, sun-dried, soda dipped
raising of good commoeveial quality.

Dehydrated white grapes such as Muscat and Thompson
Seedless varieties are inclined to bs more sticky onm the
surface then the sun-dried raisins and aro usually lighter
in colop, So-called "golden bleach Thompson Seedleas?
ralsing are now produced in considerable guantity by lye
dipping, sulfuring for about thres hours, and dshydrating.
The grapoes must bo thoroughly rive in order to produce

raisins of satisfactory color and toxture,
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Poaches for drying should preferebly be of the

froestone type, of large size, and high sugar content.

The fruit should be firm but ripe,; fully colored, and free
from soft epots. The fruit is peeled by means of lye, It
is halved, stoned, and sulfured om trays with the oups
upwardg for three hours ascording to Wichols and Christie
(1930a). The Finished product ghould contain 1,500 parts
por million of sulfur diexide according to Movris (1833).
In srtificial drying of peachos the temperature ascording
to Cruess should not oxceed 145 depgrees Fehrenholt, owing
o their vendoncy to careamelize., The relative humidity of
the dryer should be about thirty per cent dupring the final
stage to prevent case~hardening and the product shounld ve

firm, pliedble, and of a golden colow.

Poars

Beekhuis {1936) states that pears are in ideal cone
dition for drying when the color has turned & deep yollow
and vhen they are still falrly firm. A green hard pear
will never make a satisfactory dried articlo whils mushy
frult is difficult to handle in the cutting shed and is
apt to lose its shapes

The ripe fruit is taken te the cutting shed vhere
the pears are cud into halves. The calyx and stem are
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romoved end all damnged or deocayed parts out ocut. It 38
very important to romove the calyx becauge of the spray
rosidue 1t corries,

The pesoled halves are sulfurel o prevent discolors
ation, Howevser thore awpe vwide variaebtions in the lengbth of
the sulfuring period due to the faet that pears, like
spples, do not readily aboorb the sulfur fumes. Nichole
and Christie (1900a) give sinx houprs ag the miniwum sulfubs
ing period vhem the sulfur 18 burned by natural drafb.
Wichols, Powers, Oross, and Noel (1o20) recommend dipping
in ¢6ld wabtoy or & woak saline solution, as for apples, to
prevent browning between operations,

A mondmom tomperature of 150 dogress Fahrenhait at
the ond of the drying period is recommoended,.

Erunos

Prunes erc one of the most important of the dried
fruitss They are allowed to ripen on the trees until they
fall to the ground either naturally or with slight shaking,
Further treatment consists in washing with cold wveber and
dipping in & weak, boiling solution of lye (average
strength about five~tenths of one per cent) for aboub
fifteen soconds, or until the skins besome "chocked® and
the waxy bloom is removed, Soms varieties requirs more

¢areful troatment than cothers, apd these respond best to'a
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dip im hot water, In any czee fmmersion miot not be long
onough either to cauwse the gkin to come off or ¢ ococok the
fruit appreciebly. Aftcy this treatment the fruit is
rinsed and spread on trays Lo dry withoudt any sulfur treab-
mend .

In dehydrating, the initial.tem@efatmre mist not be
too high, as this will ceuse dripping. The temperaturss
vocommended by Crusss (1938) arve 110 to 130 degrees Felrens
heit at the sbaré and 160 to 165 degrees ai the finish
with & relative humldity of at least twenty per cent %o
provent eaaa»haﬁaaninga"l

Ohristio (1921b) recommonde entering the fresh
fruilt at the ¢ooley end of tho dsehydrator at 120 to 140
degrees Fahrenhoil, finishing st & temperature not exceod-
ing 165 degrees Fahrenhelt and a humidity not @geeeding
tuenty=Live par cent.

W. 8. Richert (2937) states that after drying, the
prunes are alloved to "dweat" in small bins for a faew
days to equalize the moisture conteomt., Christie (1921b)
recommends that the dried prunes should be stored in ding
for at least two weeks before delivery to the packing
house

A%t the storing house the pruncs are processed, The
procossing operation for this fruilt is guite simple. Aafter
removal from storage it 1s washed lightly and then given a
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dip in boiling waber op iz steamed for & feow minutes, The
purposes of the treatment are to wash the fruib, make it
more eGible by softening 1%, and destroy any insecis or
microorganisms that may be present. The prunes areg then
packod. '

Lewis recommonds that Italian pruncs be dried H6 @&
moisture content of approximately elighteen per cont. Hows
ever, 4f thoe fruit is dried to a very low moisture content
there 48 great denger of scorehing.

Christie (1921b) states that prunes oontaining in
excess of twemty~six per cent molsture will eventually
mold. Prunes of such high molsture content will not withe
stand binning, grading, or processing without injury.
Prunes should not be binned with & moisture content in exs
cess of sbout twenty per cent.

Persimmons
\

In experiments carried out by Christic (1921a) oxe
collent results were obbtalned by peeling and slicing the
firm ripe frult and deying it wvithout further treatment.
Je« 8y Avrthiur also states that the frult should be dried
whon it is firm ripe as whon it is soft ripo &t is mushy
to handle and it tonds teo stick to the trays. The fyuid
should then be steamed to prevont darkoning of the color
but not sulfured sinece sulfuring causes the fruit to
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entirely during drying., Tho best product ig that which

48 pocled and then sliced before drying.
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DEHYDRATION OF VARIOUS VECGETABLES
Beans

Beans for dehydration chould be of the stringless
variobty. The sbteme and tips are vemoved, the beans then
washed in cold water, drained, and ocut into predetermined
sizes, They are then blanched in steam from threo to Five
minutens and placed into the Gohydrator.

Starting tomperature, 110 degroes Fahrenhels,

Pinishing temporabure, 145 degrees Falrenhoib.

Beets

For dchydration Andros (1920) recommonds the use of
young boets. ALl the root and thres inches of tho Lop on
the beet should be left. Wash and blamcﬁ in boiling wateyr
until tho skin can be slipped off easily. Dip in cold
weter to remove skins, trim, and slice indo pieces onoe
elghth inch in thickness for dohydrations

Stavrting temperature, 110 degrees Fshronhelt.

Pinishing temperaturs, 145 degroos Fahronheit.

Brugsels Sproubs

Bruggelds sprouts are‘washea in wator, drained, out
in halves lengthuise, and placed on trays. They are
blanched in steam for thros minutes, and placed in tho
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dehydrator ..
Starting temperature, 110 degrées Fahrenheit.
Finishing tempersturs, 145 degrees Fahronheit.

Cabbage

Nichols and Gross (1921) found that cabbage dlanched
by hot water and hot two per cent sodiuvm chloride solution
was more attractuve than steam blanched cadbage. Cruess
(1988) recommends thet cut cabbage bellanched about ono
minute in iive steam claiming that this intensified the
color. He sbates that a Somperature of 145 dogrees Fahven~
heit should not be exceeded during drying, that the cabbage
is dried until cyisp and should Yo packed in moisture-proof
containers. ,

Gore and Mangels (1821b) found that cabbage dried
to 8 to 3.34 per cont moisture can be stored in air-tight
containers at ordinary temperature for six months or more

without deterioration in colopr or flavor.
Carrots

In experdments on the blanching of vegetables it uwas
found that it is possible to produce more abtiraetive de~
hydrated carrots by blanching by immersion in hot two pey
cont 541t solutlon, hot one per cent baking soda golution,

or in hot watey, then by proeessing by steam,
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Geore and Mangels {1921b} found thaet carrots arse
stable to cclor and flavor changes when dried to 4,99 to
7.%9 per cent molsture. These workers slsc found that
carrots are fairly resgistant to heat, Tsu {1940) found
them $o be more heat resistant than spinach and peas,

Since carrots will withstend rolatively high
tomperatures, Cruess (1988) says thet they may be dried
rapidly and ghould be dried until hard and dbrittle.

Cauliflower

Cruess (1938) says thet cauliflower gives a fairly
satisfactory dehydrated product. It is prepared es it
would be for cooking for the table, being broken or ocut in
smaller pleces, These pisces are blanched in steam op
boiling water four to five mimubtes. The tompsrature of
drying should not exceed 140 degrees Fahrenhelt because of
its tendoncy to darken.

Colery

Both the leaves and stalks of this vegetable may be
dried and used for the flavoring of soups, stews, and
verious culinary products, or for the preparation of
poudered celery or celery salt. Only tondepr stalks roelaw
tively free from "strings" should be uvsed:. The stalks are

trimmed, washed, and sliced. Blanching renderg the product
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more tonder, two to three minutes in stean or boliling
wvater boing sufficient, Celeyryy loaves may be placed on
trays soperate from the sliced stalks. They regquire neo
Planching. The dyying temperature should not excesd 140
degress Pahvenhelit,

Corn

The sweoetest dehydrated produst will be obtained
from corm in the "milk" stege. The ears aro husked as for
conning and the corn 18 blanched on the cob im steam opr
boiling water for from five to teon minutes. It is silked
as for cannlng, cub frowm the cob, sproad on sereen trays,
and dehydrated to a low moisture content (six per cent).
Cruese (1938) gtatog that corn dried very rapidly will
withstand a finlshing ¢ smporature of 150 degross TFahrene
helit.

gerlie

carliic powdor is msde by grinding dehydrated garlic.
When mizxed with cornstarch it io g product of consgideradble
merit. The outer paperlike coating of tho "butitons® is
romoved mochanically. The buttons are dehydrated without
blanching, finely ground by hammer will, and nay be mixed
with stareh or flour, The powdey rotains its flgvor ine

dofinitely and is ozmeellent for flavering many foods such
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as graviog, stews, and spaghetti,
onlions

onions shouwld be trimmed, pecled by hand, and cut in
vory thim pleces bessuee of the tendency of thick pieéas to
case~harden, o dvy very slowly, and te darken. |

RBlanching is undesirable Legsuse it causes tho one
jons %o stick %o the traye awd doos not lmprove their ape
peayanc. Immersion of the slised onions in cold five pow
cont salt solution for threse to £ivd mimutos befors Arying
reduces tholir tendency to darken during drying and lstey in
pborags .

A temperature of 140 degrees Febhrenhoit should nob
ve exceeded during dohydration, because of darkening of the
color and loss of Llavoy at highewr tomperaturss. The 4Py

ing ratio 18 from 10:1 to 1B6:l.

This vegetable is one that should not be used if old
a8 it develops a woody fibrous centoy. The parsnips are
washed, scraped, cut into slices one~eighth. inch thick; and
placed on trayss Thoy ave blanched in stoam for thred mine
utes, removed, and placed in the dehydrator. Andred (1920)
glves the starting temperature as 110 degrees Fahrenheit
and the finishing temperabture as 140 degress Fahrenheib.
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Peas for dohydration must be even loss mature than
tfor canning, because of the tendency of starchy peas to
become tough-skinnsd nand mealy during drying. The wrinkled
veriotics high in suger content are much to be preferrved o
the starchy smooth~skimmed varietics.

The peas are blanched in Dolling watey or live steam,
as for camning, for twe to five minutes depending on maw
turity and sproad on trays directly from the blancher in a
layer about thres~fourths of an inch deep. The Lfinishing
temperature should not onceed 148 dogrees sinese high
tomperatures cause browning and loss of flavor. The conter
of the pea dries slowly, theroforse peas should be dried
until & erisp and firm product is obtained,

Povetoes « White Potato

He We Banks (1921) states that potatoss dried by hot
air must be so treated as to inactivate the oxidase whieh
cauges blackening on exposure to the air. This author rec~
commends immersing the peoled and sliced potatoes in boilw
ing water for two to three minutes. The product being then
dehydrated at 1285 degress Fahrenheit which temperature is
gredually incrsased to 148 to 1850 degrees Fahrenheit.

Hichols and Gross (1921) state that for potatoes a
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two minmute troatment in steam prior to dvying produces a
product of a white ond pleasing appearance. Andrea (1920)
recommends a blanch of three mimutes in steam followed by
imorsion in salbed tepid water, the product being then
dried at an initisl temporature of 120 degress Fahrenhelit
with finishing at 160 degress Fahrenmholt. Gore and
Rutledge found that the temperature of Gehydration which
soems most desirable for polatoss, based on the results of
their experiments on this vegetadble and upon empirical obw
servatlons, was 158 to 167 degrees Fehrenheit. Between
theso temperaturee no visidble gelabinization of tho starech
is evident. Dohydration is accomplished in five hours and
the product on sosking in vater for two &nd one~half hours
is rostored to 77 per con® of ite original weight.

Potstoos - Suset Potato

The sweet potato 1s the most heal resistant of the
vegetables commonly used for dehydration. Howewer, it s
susceptible o discoloration. Magoon and Culpepper found
that some degree of discoleoration upon exposurs to air
ogeurred in all varietics studied by them but that it was
most pronounced in doeply pigmented veriscties. These
workers observed that the discoloration at the surfaces of
the slices appeared rather promptly after the material was
placed in the drier, extending into the material along the
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yascular bundlos and sproading and deeponing in hue as the
drying advanced, While this darkening largely disappeared
in the process of soaking and cooking the material, it made
the dry product so unattractive in appearance that it vas
necessary to £ind 4 mothod which would offectively provent
darkening dospite the presonce of optimum conditions for
ite ocouryonco.

In a series of sxperiments Caldwell, Noon, and
Culpeppsr found that the mosgt offective mothod of preserve
ing the color was the use of two 4ips in tvo per cent
eitric acid solubion. A48 rapidly as potatoes tvore washed
and trimmed aftor poeling they were dropped into s tank of
$wo per cont solution and allowed o rewmin thres o five
minutes. They wore thon lifted out and deliversd to the
operators whe cut them into slices or strips, which wore
dropped as rapidly se propaved into & gecond tank of two
per cent citric aecid solution, Here thoy were agitated
sufficliently to separate the pleces and bring all surfaces
into contact with the solution, allowed to remain three to
five mimates, then dropped out and spread directly upon
the dvying trays without rinsing.

Cruces (1988) states that sweet potatoes may be
dried safely at 175 degrees Fahrenhoit, The drying ratio
is approximately 3.5:1, a higher yield of dried product
than from eny other common vegetable. This vegetable
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should be dried until) Yrittle lost molding occupr during

Pumpkin

Pumpkin and squash ave dehydrated for the prepara-
tion of "pumphkin flour," a finely ground, coarsely bolted
mixturo of the two vogetables. Thoe pumpkine and squash are
ecut in halves and the sced gnd neede-cavity pulp romoved.
The uwnpeeled halves are then sliced or shredded and may be
blanched or not blanched though the color 4g greably ime
proved if the slices are stoamed on the trays until heated
through.

Androa (1920) recomzends a starting t emperaturs of
110 degroos Fahrenholt and & finishing  emperature of 140
degroes Fahrenheit. The vegetables are dried until less
than six per cent of moisture romalins. The product is
ground and bolted or screoened to romove the coarse partie

cles which can be reground.

Spinach

The stoms of spinach are dried separately from the
leaves as thoy usually require g longor time, If they were
left on the leaves, the leaves would be dried to a powder
stege when the stems wero sufficiontly dehydrated.

Spinach requires trimming, sorting, and very thorough
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washing before drying. Blanching consists in steaning om
ghe trays two to threo minutos, The washed lsaves may be
pleced in a doep layer on the trays,; provided alr flow bee
tween trays is hot soriously impeded.

The leaves dry very rapildly and a relatively aigh
temporature of 178 degress Fahronheit can be used,., The
gooms, boocause of thelr greater thickness, dyy more siowly
then the losves. Spinmach should He drisd to loss than 8ix
per cent molsture and packed et once in packagos whalch ro-

adst ponelration of moisturs.
Tonatoos

Unpoeled tomatoes may be dried in siiced form bub
the quality is mich Improved by poeling before drying.
81ices should be about cne-fourth inch thick e

nd we blanche
ing iz redguired,

Temperatures bolow 150 degroes Fahreahail should be
uged as the slices darken at highetr tomporaturses. Thoy
should be dricd until the pleces show no moisture when
pregssed between the fingors or wuntil the slices will break
erisply on vbending. The color is ilmproved if the sliced
tomatoes are sulfured in the fumes of burning sulfur Loy
tuenty to thirty minmites before drying.
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Soup Mizturcs

Various mixtures of vegetables have been prepared
for making dehydrated vegetable soup. Ons mixbure retome
mended by Caldwell (1918) is: potaboes 20 perts, turnip
20 parts, poas 20 parts, oniomns & parts,; and 17 parts cach
of carrots snud beans. All vogetables should e dried
separately. |

fecording o Andrea (1920) the vogetables are more
attractive 4if cut in difforont shapes. This author suge
gosts potatocs and turnips should be cubed, carvots ecut in
Juliemne strlips, end onions should be powdered.

In preparing socup mixtures it mist be borne in mind
that since the mixbure must subseguently be soaked and
cooked as & unit only such vegetables as absorbd water and
becore cooked 4t approximately the same rate should be
mizeds Peas and beans absorb water wore slowly than the
othor vegetables unless they aré cooked until alwosgt ready
for serving before they are deéhydrated.
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PACKAGING OF DEHYDRATED FOODS

Wo dehydrated product can be kept fopr long periods
of time unless iV 4e protected from absorbing molsture from
the ctmosphores In the easé of dehywlvated Trults end vegew
tables tho casilost way to prevent the abaorption of moishure
is to package and/or wrap the produet im some materisl thad
is n0lsture-vapor=-proofs

Vaterproof naterials must not bo confused with
melsture-vapor-proof materials as a packaging nabterial mey
be waterproof without being wolsture-vapor-proof. A wator-
proc? matorial will not disintegrate in weber and will also
nold vateor whoreas a moisture-vapor-procf material prevents
meisture~vapoy from passing through 1%, thet g, it doss
not pormit sueh ailr o @iffuse through it.

In the packaging of dehydrated produects there are
cevrtain provlems that must Ye considered and these wmay be
roughly classified as commerelal; chemical, and physical,

The commerciel problem involves memufacturing costs,
styength and compactness, sultabllity for use with suto-
matic handling oquipment, sales, and consuwner good will.

The chemical problem Involves the minimization of
enzymic end chemical changes by praventing access of outs
side air, Thoe matorials used in the manufacture of the
container muat rosult in a contalper thet ie¢ odorless,

tasteless; and non-toxic.
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The physical problem involves the minimizetlon of
abserption of moisturse from the atmosphere, which means
packaging maberiales mist be subdtentially wolsture=vaporw
proof s

Bome of the more suiteble materisls are the follow-
Ingt

Gellophane: L« B. Stecle (1030} states that cello~

phans was Tirst intreduced inbo the United States of
Ansrica from Francsd as &4 uprap for cendy bub that ivs basic
characteristics £iY It as « wrapping for all kinds of
foodstuffs. '@hé-aris&ﬂfruiﬁ'imﬁus%ry had turned to celloe
phane to 4 certain extent to provide a proper pacskage T
dates and fizs. Those Tfrulte need Lo b openly displaysd
to peyrmit their appelizing appoarance as a sales ald and,
at the samo time, their inheront stickiness mmst bhe prow
vacted from duot and 4irt. Other dried fyults » prunes,
apricots, ralsing » algo are being successfully packaged
in cellophane in some wvolwme.

Howesver, cellophane is not molsture~vaper-proef and
cannot be uwsed for packaging dehydrated vegstables since
they abgord woisbture from the air rapidly. There are noy
many specially treated moisture~proof collophanes on the
prket and theso are nov only highly molsture~proof bud
are algo grease-proof and complebely transparent. A4

special form of moisture~proof £ilm, the M,8.7. type of
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cellophane eollnlogss £ilm, has the added advenbage of bee
ing adaptable to heab-soaling.

Classinc and Wox Papers. Glassine papor 18 nob wax

paper, In the process of wanufacture nevw epruce pulp is
beaten rmch longer shan 1f 1% wers $o bo wsed for ordinary
paper and the f£ibers become hydratod, In other words,
water hats beon meshanically foreed inte the shortoned
eollulose Fibora, waking thelr Coxture golabtinous and
greage-prood, To make this grosgse-proof material into
glagaine, the paper is pollshed in superealenders, soaling
in the water and giving the high trangparency of real
glassine paper.

Tax paper is made by applying molted wax to papor.
The wax should e odoriess, eolorless, and of high melting
point.

Glageine has mony uses due to its excellont trange
parency, vhich iIs greater than any wax paper éxcepbing
vaned glossine, One of itg advantages is the fact thet iv
can bo glued, oo wan paper cannob, giving it a vory wide
ngs in bags.

Wax Paper. Ordinary wex paper is practically waberw
proof, Such papers are generally woade from fully bleached
strong £ibrous pulp. A paper free from pinholes and fme
porfoctions is meeded for wax peapoer bocsuse wax cannot be

expacted to £ill more than tho normal intersticez between
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the fibers.
Paperboard Containers. Roctangular paporboard cons

tainers arc often used in packaging dried foods. Their
shepe and size, bYeing arbitrarily chosen, makes it an easy
matter to pack the aried fruits and vegotables. Because
of thelr shape they may be packed into shipping contalners,
storage rooms, and cars for transportation with practically
no loss in space,

The most popular papsyboard container is a rectangu-
lar Peters typo lockeond carton. A4 package of that type
for dehydrated fruits and vegetables should be lined and
wrapped with & substantially woisture~vapor-proof materie
al. Thoss cartons may be had in many sizos and shapes, &

common one wused for rotail trade being the 5x3x2 inch size.



84
METHODS EMPLOYED IN THE INVESTIGATION

8ince the purpose of this study is to obtaein and
enalyze the factors affecting quality, and as an aid ¢o
oatablish grades in dried fruits and vegobtables, all aw
vaileble materialr olabing to the drying, b reatment, and
packaging of dohydrated fruvits and vegotables tas agw
gombled, enalyzed, and studied. A comprehensive set of
questionnaires was sont out te growers, drysrs, packers,
and reosegrch workers on dehydratod frults and vegotables.
This set of guestionnaires 18 reproduced im the following
pagess thoy ocvey the condition and troatment of the
produet bofore drying, conditions during drying, troatment
of the product after drying, condition of the finished
product, and buyerts preforence,

Altogsther one hundred nincty-oight sets of
quostionnalires were sont out. Throughout the study most
of the organizetions approached have given full coopera«
tion and have supplied much informabion of & confidential
nature which vas essontial for & thorough esnalysis of the
situation,

Tho questions aslked were se Ayawn that the answers
would diselose definite information on the factors whiech
should be Yaken as & basis for dividing verious products
into quality grades, the number of grades that should be
given a particular product, end the 1imits {uppsr and
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lower) within vhich one grade ends end another begins.

All the deta obtained were tabulated, analyzed, snd studied.
The rosults were then corrclated and compared with those
obtained in the review of literature. On the basis of this
comparison, tontative reccommendations foy the grading of
the various commoditics wore drawn. Those recommondations

are given in Tables 1, 2 and 5.



€6
RESULTS OF INVEBSTICATION

According to the raplies to guostions om dehydrated
fruits the average dryer, packer, and dealer is of the
opinion that dohydrated frults should be graded on colew,
flavor, tezbture, dnd on absence of defocts ag the four
major eriterie indiceting qualiby. On the matter of
absonce of defocts the consensus of opinien is that there
should be a very iimited and small folerance for sush dew
focts as mold and decay, scorched and Purnt fruit but fow
such defects as broken pieces, splits, slabs and for the
presonce of light scab s mors liberal tolepsnce should be
given, A tolorance of sixz to teon pey cent is suggested
for mechanical injury and two 5o four per cont for damage
due to discase, lnsccts, and basteria,

The dry fruit industery is very omphatic on the need
for standayrd sige-grades for dchydrated fruits. The suge
gostion put forward is that it is desirable %o have & feuw
size gredes rather then & maltiple number, Four size
grades ard congidored most desirables For pruncs the
prosent cystem of grading fruits according to number pep
pound meots with epprovel, However, instoad of dividing
the prunes into ten or more sizs grades four are sugw
gestod. Those 8ize gradaes are fandéy, or prunes counting

30 or loss to the pound; choleo, oy prunes from 31 to H
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to the pounds stendard, those counting 52 to 70 %c_ﬁha’
pounds and amell, those counting 70 to €0 to tho pound.
Prunce counting more than 80 to the pournd are held by soms
packers teo Do mot desirable for human vwee.

The anawers 6 the questiommairves indicabed thel
the buying public jndgs quelily of dried frults largsly on
golor end feol or pliability of thoe product. The 6@10&
most desired from tho point of view of buyerts proference
is that 1% ghould be uvniforn and btypical of the variety.
The texture should be plilable end tender,

Uniformity of moiebture content is slse held to be
a factor indicating qualiby, bub, &% is pointed out thad
buysrs do not care about the achual perecentage of moisture
in e sample so long as it is uniform, and texbture will
serve as a good indication of moisture content. %o pre=
vont the growth of molds and other formg of deteriovation
in dried fruits however, it is held that dehydrated fridss
should have a moisture content below that at which mierow
organicns wonld grow, As an oxample, if eighteen por cont
molabure is the safe 1limiting moisture ocontent in prunes
and if & packer pute oub & pruné of higher molsture conw
tont than this, then he should label his product as "moiste
pack'! or some such designation to indicate to the buyer
that 1%t is liable to doteriorate and will not keeop.

on the mattor of dmbtroducing sugar content and



68

vitemin content as grading factors the enswers were &n
emphatic "no.® Since sugar content varies with the en-
vipronmental fackors it vould bo unrsasonable, as one packer
puts it, "should an entive scason's crop of dried frult be
Judged subw-standard because the sugar content fell balow
somo arbltrary perecentags.? With vitamin contont tho
question rosolves 1tself inte one of finding & guick end
aceurato method of ewalysis, Since no satisfactory one
has been found for tosting the/vitamﬂnm in dried products
1t will not bo possible to enfores the vuling on vitamin
content should one be ¢stablished,

The replies to the quostionnaires on dehydrated
vegetables indicated that intrinsic chavacteristics such
as flavoyr and oGoy are the most potent indicaetions of
guality. Sinco Qehydrated vegotables are often so0id in
ground or in otherwvise fragmentary form c¢olor is not held
to be of mgjor importance in groeding though severgly offs
colored pleces are undesirable, On tho watter of absence
of defeects 4t ig the opinion that this factoy is also noet
of high importance but that tho presence of sand should be
heavily penalized.

A part of the industry thinks, however, that
standards should not be ostablished for dehydratsed vegee
tables, Por th@ir authority Chapter 4, Sectilon 401, of
the Federal Food; Drug and Cosmetic Aot is quoted. This.



69

pert of the Act reads as followgs

"Provided thet no definition and standard of identis
ty and no standard of quallity should be ostablished for
fresh or dried vegetables or duttor, except thaet éaﬁga
nitions and standards of identity may be ostabdlished fop
avocado, cantaloupe, citrus frualts and melons."

Howaver, & largo pert of the industry holds the
opinion that standards are desirable. This part holds thad
the tolorance for inorganic foreign mabterial such as sand
in dried vegetables should be wery low, since, by proper
preparation, foreign moboriels con be entirely romoved ox-
cept in crops such as spinsch and even hore the amount
found in the product ¢em be reduced o & minfmm, Por such
crops the maximam tolorance shovld not be over 0,6 peor
cont .

The amount of defects should be 1limited by grade and
definite standerds should be set up, Three gradeb for de-
hydrated vogetobles are suggested, namely, cholce, standard,
and'ambatamaarég It 15 evident Shat in establishing
standardg the tolerance for defocts should be vory low.

The defoots should be factors such as pleces of skin,
insect puncbures, off-eclored pleces, and presence of tough
and Likwons materilal. Since some of these factors are more
importent than others their tolerance should vary with
their general effect omt the product. It 18 suggested that
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a econgiderable quantity of only slightly off-colored
pileces do not soriously affect the appearance of the prode
uet but a fow badly discolored slices or picces do, In
view of thig the relative degree of damage should be taken
into congideration when establishing grades, ‘

As with fruits the use of vitamin content or of
mineral contont as grading factors were not decwmed practi-
¢als Mabturity ls a factor affesting the quality of de-
hydrated vegetables. Since oveyr-moturity is indicated by
the preosence of stringy and fibrous material a limited
tolerance should be placed on the presence of these,

All the data obtained were tabulated, analyzed and
studied, Portinent points were comparod to and correlated
with those obtained from the revisw of liserature. With
these as working bases the following general standards for

dehydrated frults and vogetables are drawns
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Zentative Grades for Dehydratod Fruits

Definition. Dehydrated fruits shall be the products

prepared by evaporating the moisture from fyesh, ripey and
sound fruit of the varicty designated to such s point thaet
molds, yeasts, and bacteria will not grow. Dehydrated.
fruits should retain the charactoristic flavor of the fresh
product, should have a bright, clean appesrance, should vew
$ain substantially the wvhole mutritive value of the produet
bofore dehydration, snd should have a texture which is not
brittle or hard cé‘ovar~tough, but is pliable end chewy in

nature .
Dehydrated Frults

Classesd Dehydrated fruits shall be divided into
two clagses as followss
Class 1 . « v o « « « o+ Cut fruits
ClaBs 2 ¢ « +» » s » » « WDOle fruits

Cut Pruite

Thig class shall include all kinds of eut fruits
such as sliced apples, halved peaches, guartered poars, and
halved apricots. Out fruits may be sulfured or not sulfurdd,
and shall be divided into three subeclasses as followss
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SUBCLaBS A sesoaeas LOPES cut fruld
Bubelass B seeessoe Hodlum size cut Cruit
Subclass € secceees Standard eize cut fruib
Subclass D seevesss Small gize out Lruit

hole Pruits

This class sball include all kinds of vhole fruite
such a8 pruncs, cherries, grapes, and figs. Whole frullds
may be lye dipped, hot water dipped, or not dipped; they
may be sulfured or not sulfured, and ghall be divided into
three subelasses as Tollows)

Bubclass & se.eveeq0 Large vhole fruill
Subelass B sisevens MoGium size whols fruit
Bubelass O .veeeseo Standard sise vhole fruit
Subelags D sevevees Small size vhole fruit
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vlapation of Terma

“Sound well-colored fyuits" meens practically whole
piecss of fruit with & uniform color typical of the vari-
oty. Such plocos may be broken or cvt on one side, but ab
least throe-~guarters of the pilece shall be present.
Tolor®

{a) 1If the color of the frult is uniform and 48
typical of the variety, and bright, a c¢redit of 28 30
points may be allowed.

(b) If the pleces are somevhat doficiont in coloy,
&6 cre@it of 32 « 34 points may be allowved,

(o) 1If the ploges are fairly uniform in color bub
are dull, or if the color is varisble, a credit of 28 =31
points may bo allowed. Fruite thot fall in this classifi-
cation shall not be graded sbove grade C, or standard, roe
gardless of the total score of the product.

Flavor®

The quality of flavor of dried fruits shall be clag~
sified from the standpolint of palatability.

{a) If the fruit possesses the typloal flavor of
fully matured fruit, & credit of 23 » 26 points may be
allowed.

(P} If the flaver 1 somewhat lacking in the highly
desirable characteristics,; a credit of 20 - 22 points may
be allowed,
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fe) If the fruit contairs a felr fruib flavor, &
credit of 14 « 19 points may be &llowed.
pexture® |

{a) To receive a rating within the highest g&@&@a
32 - 385 points, for this fastor, the frult may be pliable
and very tendeor.

{b)} If the fruibe ave pliable bub slightly le#s
tondoy and pipe than those in group (a), & crelit of 26
8% points may Do given.

{¢) If the frulys ars pliadble but the fibers ave
prominent but not hard, & oredit of 21 » 25 points way bve
given,

"off-size! moans ploces vhich are more than 20 per
cont swallsey op larger than tho size stipulated in the
grades.

"iochanical injury® meand any physical damage by
bad bruildes, splits, slabs, cracks, or tears.

"Biological injury® includes any injury caused by
molds, bacteria, yeasts, or insscts whalch ma%amially-aﬂe
fects tho palatability or sppearance of the fruit.

“porelsn material® includes sand, dirt, stoms,
gcods, or leaves, whioh meterially affects the appearance
or edible quality of the produch.

Por dried vhole frults the grades and the terms ere
g#imilay oxcept that in this ecase flavor is svaluated high~
gr in its offect on quality than color.
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"Molst fruit"

If the moisture content of the dehydratod fruit is
above that at which detsrioration may ocoupr the term
"Modst frult™ shall be inserted on the label after the
grade dosignation.

The maximum limits of moisture conbent for tho
difforent frults aret

Apples 24%
Apricots 245
Chorries 20%
Pigs 227
Grapes 224
Pegches 24
Poars 24%
Prunes 224

"Infested fruit"

The words "Infested fruit" shall be inserted in
the deéignation cf grades in dried fruits when live
insects or live larvae of insects are found in that
lot of dried fruit., Fruits thus labeled shall not be

graded higher than grade D or substanderd.
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Tontative Grades for Dehydrated Vegetablos

Pefinition., Dohydrated vegetables ghall be the

producte preparsd by evaporating the moisture from young,
sueculent, and sound vegetable. of the veriety designated
to such a point that wolds, yoasts, and bacteria will not
grov. Daohydrated vegotables should robain the chavacter-
igtic flavor of the frosh product, should have a bright,
clean appearance, should petain substantially the vhole
nubritive veluo of the product before dehydration, and

should have a molisture content of six per cent or lower,

Dohydrated Vogetableg

Types. Dehydrated vegotables shall be divided into
types as followsns
PYPO L snessnisncenes WROLO vegotadle
TIPS 2 svercvasnensssn Sticed vegotable
TYPE & casvssoeeossss Shrodded wegetable
TYPE 4 seseresresress Ground vegebable
"loist~pack.” All dehydrated vegetobles with &

moisture content hicher than six per cont shall be labeled
"moiat-pack® and all vegetebles so labeled shall nob be
groded higher than substandard grads.
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Zzplansblon of Torms

“General appearanse® inecludes such qualitics ss unie
formity of sizey charsectoristic color; and shaps.

{a) If the goperal eppoarance is pleasing, thet is,
if tho size and shape of the pieces apve wniform and the
color is typical of the variety, ond bright, e credit of
25 to 30 points may be given.
| (b} %¢ the genersl appoarance is satisfactory, that
is, 4£ the aize and shapo of the picces are f@ﬁwly uniform
and the eolor unifcrm bub are dull, or if the color is
variablo, a cxedit of 21 ~ 24 points may be given.

YFlavor.® The gquslity of flavor of dried vegoetables
shall be classiffed from the stondpoint of palatebility and
its resemblance to that of tho frosh vegedbable,

(a) If the vegotablo possesses the typical flavey
of young, sueculent plants, s eredit of 40 to 80 poinbks may
be given. |

(b) £ tho vegotable contains a fair vegetable
flavor, a credit of 35 - 30 points may be glven.

odor®

{a) Yhen the product is free from huwnt, cbjestions
able o off-odors of all kinds o ¢rodit of 16 -« 20 peints
way be given.

{(b) Vhen the product is practically free from

. burned, objectiongble, or off-odors or vhen there is a
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tyrace of smoke, o oredit of 12 « 1S poinbs wmay be given.



Tatle 1

PROPOSED FORM FOR GRADING DRIER FRUITS

GRADES FOR DRIED CUT-FRUITS

Minimum limits of:-

Maximum limits of:=

Sound Intrinsic characteristics(100 pts.)
Grade|well- General Off-sizejllechan-| Biolog-| Foreign
colored |appear=iColor|Flavor [fexture| Grade ical ical
pieces ance pieces |injury | injury | material
% Kax. 25{ 30 20 25 range % A A %
A 92 23 28 18 23 92-100 4 6 2 0.6
B 88 19 25 15 19 78- 91 6 8 3 0.6
C 82 15 20 12 15 62= 77 10 10 4 0.6
D Substandard grade. All fruits failing to meet the above requirements shall be

graded as substandard.
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DISCUSSION

The grading sheet for dricd fruits end vegetables
as given in this paper 1g different from that used Loy
canned foods and other agriculbural comuodities for which
grades end stoandards heve boen established. The reason
for using this form im that it geems ¢o be bost Lrom the
point of view of taking inbo consideration all factors,
intringic and extrineic, thaet have o bearing on thse de-
tormination of duality. 4And 1t Is with quality that gradss
deals

The factors to bo taken irnto account in greding
dried fruits end vegetubles, according to the answers to
the questionnaires send out, ares Flaver, toxture, size,
appearance, £ rocdon Lyrom danpge or detericration, frecdom
from dissese, moisture content, sbgenco of Lorelgn ma-
torial, 4irt ov inseet infestation, and cbsence of scoprch
and cavamelization., Thoso can be grouped uader five major
factors, viz.: ocoler, flaver, unifermity of size, bexture,
and absonco of defects. The ordsry of thoir imporfance in
grading drisd cubt-frults are indlcated to be colow,
toxture, flavor, absonce of defects and walfornity of
aives PFor vhole fruibts those fagtors assume the same
order of importenee s cub-fruits emcept that in this case
flaver is decwmed the most important and color ranks third

in importance.,
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wWith vegetables flavey was décomed to be by far the
most lmportent indiocation of qualiby.

Taking all these factbors into consideration it
would ssem that the plan followed for grading canned foods
will adapt iteelf weoll to dried foods, Hovevey, the form
uged for canned food is essentially a score sheet assigning
¢ertaln numerical values o difforent factors, the relavive
importance of oach factor being expressed on a soale of
one hundred. This plan & admirable for scoring oweh Poles
tive values as flavor, toxbturs,; and color; bBub, it is not
eritical enough for scoring defocts for vhich exect toloérs
ances may be allowed.

Standards for grades of driod prunes, vhich cams
into effect April 8, 1941, and the tenbative standards for
gredes of dried apples ave thé only standards now availe
able for dried fruits and vegotablss. These standerds
follow the plan of defining thoe commodity, giving the
styles or typos in which these commodoties appear, the
sizes, and the gredes.

Under "Grades of dried prunes® or “Grades of dried
apples™ a deseription of what Grade 8, B, and ¢ should bo,
are given. In these standards for grades, intrinsie
qualitics such ag flavor and texture are not taken into
account s The factor of defocts is telten ag the main orie
terion for grading,
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The grading shoot given in this paper attempia o
follow a system vhereby defocts are segregated into their
respective ¢lagses and limits ave indicated for these dgw
focts in the verious grades. It also takes invo consideps
ation intrinsic cheracteristics such as (lavor, color, and
toxture, The system of grading intrinsie characteristics
i copled from that followed in grading csnned foods, In-
trinsic and exntrinsic chavachteristiles are taken togebher
and evaluated to pgive & more completo picture of the quali-
ty of the pro@uet. Morcover, the fastors are all arranged
in table form and exact btoleorances and allowances ave glven
for each factor, This systom, 1% 14 hoped, will facilitate
the work of greding.

Since 1t is with the marketing half of thoe problem
of agriculture that the ¢steblishment of standaxds doals
consumer s demend is most conaildered, With this problem in
mind the quostions asked in the questionnaires vwere 80
dratn that the angwers would disclose definite information
throwling light on the needs and wishes of consumers. The
answers suggosted thot most consumers are rather particular
about tho appoarance in dried fruits, This factor has
prompted the ingertion of "gemeral appoarsnce" and Yeoler"
in the grades and assigning values to them, In diried cutw
frult eppearance counts & great deal since it indicates

the amount of caye taken during preparation. Accordingly,
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proper emphasis was given this fnotor vhich is represented
in the grades by the designations "general appesarance’ and
fgolor, !

In dried vhole fruits flavor is of major importance.
Frults ot bo allowed to reach full maturiby to attain a
manimim of sugar contont and to attain the opbtimwm in the
sugar-acid ratio, ITmmature frults produse a dried produch
which is tough end sour,; end vhich has no place on the mar-
ket, Therefors, by the lasertion of flever as a grading
factor the use of vipe frult for drying is cncowrsged.

The factor of "off-sipe" picoces was put in in @mall
dried friult grades becguse it appsars that packs of mizn-
tures of irregular sizes will look uneven and lacing in
uniformity and thus will prejuce conpumers when-&iﬁplﬁyQﬁ
for sale. The factor of mechaniocal injury is put in the
gysten for the same reason.

Blologicel imjury, as emomplified by the prosence of
mold and decay, is very objectionsbis and its tolerance is
accordingly cut Gown.

Yoreign matorial is uwndesirable in any food end it
is hoped that they say be ruled off from the 1ist of tols
orances. However, the trade must be congideped and singe
by the present commoroial methods of hondling forsign mee
torial is entirely entluded with difficulty o maxiwm tole

evence of 0.6 popr cent is allowed for such.
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An interesting difference in grading dried fywite
and vegetables axiaﬁsﬁn.@hat the young, © endey, mosd
succulont, irmature vogoetables are usually graded highost,
while the fully m@.‘&we but not ovog~rips fruits usually
vield products vhich are most Aesirable. Since maturity
in vegotebles is indicated by the pregence of stringy and
fibrous maberial the prosensce of these are considepsd as
an indication of offe-quality, and iimited tolopances are
put on thelr prosence.

The factor which ecounts most in dividing vegoebables
into quality grades 1o flavor eince it alone will give &
falr indication of the history of the produoct. UYhether
blanching has boon adeguate, and vhethey the bemperatupe
of dehydration was suffieiont or over-roached are quality
factors evident in flavor. It also gives a clue 2o the
age and the handling of the dried product, Accordingly

this factor is gluven pre~éminent consideration in grading.
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SUMEARY

Thersd are &b présanb no official grades and standards
oateblished for dried fruits and vegetadbles,; oxcopt
that federal grades have beon esteblished for dricd
prunes and tonbative gredes have been dravn up fop
drisd apples.

Answers to questionnaires sent oub %o individuale and
concerns in the drled food industry show that the
industyy as a whole is in favor of having grodes and
stanfards established.

Standards for dricd fruits and vogetadblos should have
the aim in view of ﬁm@%aving ouality.

There should be sbtrict limivts for the pressnce of
defecta,

Tolerances should be so set thet & wore leénient pornlity
is exacted om winor defecta, such as bwakan and trimmed
pleces, splits, slabs, and elight discoloration. Théese
defects do not dotract from the food value of the
product ,

Tolerances should be o set that a striet consure is
put on major defects, such as the presence of mold,
scorched and burnt material, and the presence of
foreign mattor such as gand and dirt. These deofocts,
if present, lower tho food value of the product or are
otherwins objectionable.
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Tho existing trade prectics of having wmlitiple size
grades impedes handling and lg nobt practicals

There should be only a fow size grades, with cloay
cut limits merking casch grodo.

The uvse of chemical composition as a moasurement of
gualisy is lmpractical,

Dricd fruits may be convenlently divided inte two
clagpes according to their greding characteristics.
These twe classces are cubt Truive and whole fruitse,
The grading factors fopr out fruits and vhole fruits
are broadly eimilayr oxcopt that color is tho most
important grading factor for cut fruit vhile flavey
48 the most Important tharacteristic for whole firuitb.
The impoprtant factors considered in the gradimg of
dricd out frulis according to their relative la-
portance ares L. coloy, 2. texture number, J. flavors
&, obgenee of defects and uniformity of aﬁz@; Fox
drisd whole fruits these factors areg 1. flavor, 2.
toxture, B. color, 4. absonce of defects, and 5.
andiformity of 2isns.

Intrinsic characteristics such ag flavor and odor are
the most potont factors in dotermining qﬁaliﬁy. of
these two flavor ig the more important .

Grados gnd score cards have boon Gevised for grading

dried fruits and vogetables. They were drawn in such
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a way that every factor has g definite valus oy
range Lfor cach grade, and, vo moke for naxismum con=
venieonce end officieoney, 4ll roguirements are gilven

in one page and in table form.
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APPENDIX

Qusstionnaire on dried fruiivs.

l, Uhat kind of dehydraeter do you use?

2. In the lebellimg of packaged dried fruite, should the
lgbel beer full informetion of the product, a8 teo its
moisture comteant, culinary value, nutritive valuoj
vhether sweet or tert, ite toxturc, digestive cheracter,
etc.? In your opinion do you thimk they vaerrant exira
expenditure om labelling t¢ incresse thelr sale appsel?

8. Im youf' opinicn vbet ie the mest importent factor
affecting the guality of dried Lfruits?
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Questionnaire on dehy@rated vegetebles.

1, VUhat kind of dehydrater de you use?

2. Should mineral comtent or vitamin content be used as
.@raﬁim factors for dried vegetables?

Minerel comntent. Yes o Mo . e
Vitemin cemtemt. Yes _____. WMo ____ _.

3. In sliced, shredded, or ground vegetsbles should there
be elze requirsmeants Lfer stenderd guality? Vhat
should thess size requirgme nts be?

Blieed

Shredded
Ground -

4, In dricd vegetaoble socup mimw?éé sh@um there be
minimup reguirements as o the proporitiens of differ-
ent, vegetables in the mixtur@?l Wh&%'ﬁhould those
proportions be? |

5, In the lebeling of packageé dried vegetebles or
soup stock, should the lsbel beer full informetion
of the product, as to ite use, its molsture convent,
culinary velue, nutritive value? Im your opinion
do they werrant extra expenditure on lebeling to
increase sal@é eppeal?

6, In your opinion whet is the most importent foetor in

improving the quality of dried vegotables?
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In grading dried vegetabl

les vhat factors axe

of‘ most imp@rtaﬁce .; w(‘}blaor, S

flaver; cdop, consisteney and textuye, or sbsconce of defeckts? A sample secore

shest is given belows pilease score for those vegetables you dehydrate.,

Vegetable

Golor

Flavey

Odow

Congisteney

| and texbure

Absencae of
_Gofects

potal

Samplo

T -29-;.

35

20

25

i2. Sweet potatoe

i3. Others

66
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