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The frozen concentrated fruit julce industry is rela-
tively new. The reception of frozen concentratsd orange
juice and later such julces as leanon, lime, grapefruit,
crape, tangerine and otners were so vwell received tihat a
whole new industry, botn from a grower's standpoint and
equipnent mamufacturer's standpoint, was born. Growvers!
prices swelled to ten times that which they received be-
fore the aavent of this industry. This price leveled off
at six tlmes the original.

A vhole new line of low temperature evaporators ap-
peared., Six eqguipment manulacturers placed new types of
evaporators on the market to handle the suddaen desmand for
frozen concentrates. Basically, most of these evaporators
use refrigeraticn systems either directly or indirectly
for both heating the incoming julce and cooling the outzo-
ing Jjuice. Lfficiencles of these new evaporators are riuch
higher than the old standard types. Research on the de-
velopment of concentratlon by freezing was stepped up with
new gains made.

The three main factors respcnsible for the sudden
success of frozen concentreates include: (a) the overall
developuent of the frozen foods industry; (b) the de-

velopment of the cut-back method for maiiing orange con-
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centrate, and; (c) the cdevelonment of low teuperature
evaporators and Iacilities for hauling and storing the
coucentrates at O°F or lower.

It is felt that there would be a ready merket for
any new highly palatable juice concentrate. For this
reason, Jjuices that would conceivably make a highly
palatabls concentrate were investigated with tlhie hope
of developing one or more juices or juice blends into
a highly palatable concentrate.

Thhe main objectlives of this investigatlon included:

l. To design and construct an improved asparatus
for the concentraticn at low temperatures of
fruit and vegetable julces; the treatment of
the julce to be similar to that which it would
recelve on a comntierclal basis,

2. To develop or atteipt to develop a fruit or
vegetable julce or julces of high palatabili-
ty that would, 1f placed on the market, be re-
ceived withh high consumer preference.

b« To determine which of these Juices would warrant
further investigation as a frozen concentrate.

A low temperature concentretion unit was designed
and bullt utilizing a refrigeration system and the in-
herent efficlencies of a refrigeration system. New de=-
sign features included pulling the juice up a slope at a

slow velocity, and a water bath for carrying heat from



the cocndensing vapor to the low side c¢f the refrigeration
system.

Of the juices unknown to the market as concentrates
plum, apple, celery and blueberry offered the most promise
of veing developed into a palatable concentrate., Italian
Purple and Japanese Red prune plums, Grines, Jonathan,
Crab, Deliclous and Spy apples, celery and blueberry Jjuice
was lnvestigated. |

The julices were all tazted and scored in preliminary
testing and tasted and scored in final testing with the
composition of thie final tests depending upon the scores
of the preliminary testing.

Because of the small volume of samples, limited fa-
cilities, limited number of trained testers, and the large
miiber of samples, the results of these tests were neces-
sarily limited to determining which juices warranted
further investigation for beverage purposes.

A complete data log and heat transfer calculations
as well as an analysis of the system were included in this

investigation.
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Tnhe frozen concentrated frult and vegotable Julce
industry is relatively nev. Its start may be dated back
to 1931 wnen cold orange concentrate first apoeared on
the market., The Juice was delivecred by millonen and in
cardboard containers. Tiie test marketing ended in ae-
fault as the juice failed to kold up in storage eitiier
with the processor or with the housewife., The first
real galins of tue industry started in 1244 waen Dr. L.
G. iiacDowell, Director of Dlesearchh for the Florida Citrus
Co.miission, sug;ested tnat the comalssion overconcentrate
crange juice uuder nigh vacuwa and correspondingly low
tenperatures and add about 10 percont of tlhie fresh juice
to bring the concentrate to the desired percent solids.
This becaie known as the cut-back method and was the
real start of the frozen concentrate juice industry.

Orange Jjuice is the standard by wnich all other
juice comnicentrates will set tlhieir prices, procuction

L ]
totals, etc. Urange julce is {irmly entrenciied in the
housevwife's meimu. As orange juice is the yardstick for
other products, madam housewife 1s the yardstick for
orange juice. IHer denand and the price she will pay,
governs the procduction of all juice concentrates.

The cut-back method of produciing the orange con-
centrate will not prove satisfactory with all concen-

e

trates. Viiile the orange concentrate has started a



whole host of other frozen concentrates, they are not all
prepared 1n the same manner. A gocd rule of thumb for
using the cut-back method could be to use the cut-back
method with any juice having a tart, strong flavor, such
that 10-20 percent wihen added to its concentrate will re-
store enougn of the original flavor and aroma to favorably
compare to the original.

This rule would imuediately take in all of the citric
juices and few of the other fruit julces, but practically
none of the vegetable juices., For example, anple juice
gives up nuch of its flavor, as do any of the Jjuices, to
the water vapor that is drawn off the juice. These vola-
tile flavor compounds are in the form of esters and are
easily recovered by fractional distlllation. The process
of recovering the flavor compounds by fractional distilla-
tion has only recently been practiced with considerable
success with apple and grape julce concentrates,

Orange Jjuilce, like so many other Juices, is sensi-
tive to heat and the development of methods for concen-
tration at low temperatures was necessary. Grape juice
and tomato juice (7) are, however, not bothered by hot
pack or pasteurization temperatures and therefore will
probably never enjoy the success as a concentrate that
orange Jjuice has had, Grape juice has had rniore success,
however, than that predicted by men in the field and will

always have a small corner in the frozen concentrate in-



dustry, vecause cf -ts sinplicity in preparation and de-
lightful flavor,

Since thie advent of frozen concentrated orange julce,
new I'rozen concentratcs have a:peared on tne market, ncta-
bly lemon, lime, grapefruit, prune, coffee, chocolate drinl,
tangerine, orange-grapjefruit blend, and in limited quanti-
ties apple and chorry julce concentrate. Liissing from the
list of Julce concentratss are fruit juices such as fresh
2lum, raspberry, bleckberry, crab apple, currant, and blue-
berry, and vegetable juices such as celery and tomato. All
of tihese mentlcied nave possibilities as a palatable frozen
concentrate,

Reception of the Product: TNeedless to say, orange con-

centrate has been overwhelmingly received by the public. In
its first test marketing, gratifying results were received.
This occurred in a drugstore in Pittsburgh, Pennsylvania,‘
wnere the concentrate was sold for the freshly squeezed
juice (27). Out of 200 custumers, feeling that they were
drinking the freshly squeezed juice, only one suggested that
it did not quite taste like the fresh juice. The dime was
cheerfully refundced.

The growers in r'lorida were removed from certain dis-
astrous losses due to surplus orange crops. In 1945 the
grower was receiving thirty-five cents for a box of oranges,
while in 1947 this price had jumped to 3.50 per box. NLatu-

rally the price leveled off, but not to anywhere near the



thirty-five cent level., The leveling off occurred at
around ;2.00 per box with no danger of falling off. 1In
1347 through 1950 it was not surprising to hesr about
major julce processors buying out whole groves at what
would formerly be termed fantastic prices. Growers were
selling what they had, tlien developing swamp lands into
more groves, selling those and so on. Anycae who owned
large groves were suddenly wealthy, rmore so tiian they
could have possibly dreamed,

If a palatable vegetable julce were to be exploited,
a tremendous ecducational progzran would have to be carried
on., The average person would have to be convinced that
he or she sihould drink the vegetable Jjuice as a beverage
or as a bresaliifast juice. Illevertheless further investiga-
ticn in this field 1s warranted by the fact that there are
so many juices that would have a ready market if produced
with a high palatable flavor. The advantages of having
ready availabillity of vitaunins in the concentrate cannot

be over-emphasized.

PIYTIYT AT T TMOT AT
ROVILDT OF LIT.LILATIRED

It is interesting to note that there are three major
factors responsible for tlie success of the frozen juice
concentrate industry. First and foremost 1t rust be con-
ceded that any frozen product would not have a chance were

it not for the over-all general develooment of the frozen



foods industry. Second, the rapid development of equipment
and manufacturing methods for low temperature concentration
were of tremendous importance in allowing for the fast
uccess of the Jjuice concentrate industry. For example,
production was increased from two million gallons in 19247
to twenty million in 1950 (estimated) for orange juice
alone. The fact tlhiat in mest all grocery stores of average
size, there is a frozen foods cabinet for storing the
orange Juice for sale, plus tie fact that modern methods of
processing, handling and shiosping at te.peratures of zero
or lower, made sucil prowuction increases possible., Third,
tlie developuent of the cut-baci mcthod did away with any
flat, insipid julce thet would result from concentration
by boiling, regardless of teuperatures used. Rector (22)
mentions thie frozen food stimulus, surplus raw material,
demand for the concentrate {roa soft drinii nanufacturers,
wertime demand for a concentrate for Zurope, preliminary
work on the freeze crying of blood plasna, and the advance
mitritional linowledge, as belng the six principal stimuli
leading to the creation of this osroduct,

ce

e

Thie process of cutting the over-concentreted ju
withh single strength juice is covered by a public service
nmatent. Nelther the citrus commission nor the eguipment
engineers could clalm exclusive rignts to the process due

to thie part pleyed by the United States Departaent of

Agriculture in its development. There is free avallabil-
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ity, therefore, to the patent whlch states in brief (10):

(1) A process of producing a citrus fruit

julce concentrate capable of speecdy
reconstruction by additlon of water to
mako a cold drink having a substantial
portion of tne orijginal aroaa, flavor,
and palativility of the citrus fruit,
comprising concentreting wicle juicse
of citrus fruit uncer vacuum to avbout
five-fold to eight-fold, then diluting
the concentrated julce with fresh, un-
concentrated whole julce of the same
citrus fruit to lower the concentration
to three-fold to four-fold, seallng
under vacuun and freezing.

(2) Applicable to all fruit juices.

(3) Free availability of tlie patent.

W ith each fruit or vsgetable juice there i1s a differ-
ent problem. In the case of orange juice only 10 percent
ol the fresh julce is necessary to restore enough of the
original flavor and arona to pass tlie most critical taste
test. Tails means tunat the original juice 1s concentrated
to 59° Drix then cut back to 42° Erix with fresh juice.
Unfortunately this process will not work with all juices.
wany contaln most of their flavor and practically all of
their color eithier in or noxt to the skin; another group
such as apples must nave tneir flavor coxnpounds removed,
clarified, and concentrated, and their esters or flavor
compounds added to the concentrate; others such as blue-
berries must be heated to 1509, squeezed and allowed to
settle for three months without clarification before pro-

cessing, as clarification would ruin the flavor and remcve

the natural flavor and aromaa (13) as well as most of the



color; otkers such as grape and some apple varieties may
have sugar added, then be concentrated 1n order to arrive
at a high enough solids content without Jjelling or pre-
cipitation. The literature contains nothing on the low
tenperature concentraticn of celery, carrot, beet, currant,
blueverry, rasoberry, crab apple, apple blends nor as to
the exact nature of their flavor compounds, the aaount of
heat that each will withstand witiiout flavor damage, sug-
gested Jrocessing metiiods in preparing for concentration.
Periiaps most important of all, there is nothiing in the
literature &s to their desirability, from a taste stand-
point, as a fruit juice concentrate.

There 1s consicderable resecrch being conducted in
an attempt to develop an econonically fcasible method
for the recovery of the esters or flavor co.pounds wiiich
are lost durilng any concentration by boiling, regardless
of the operating temperatures. Iiilleville and Eslkew (17)
have devised a satisfactory method of ester recovery. The
juice distillate (containing the flavor compounds in the
fora of esters) is lwcated under pressure; tiie pressure is
then sudcdenly released and the vapcrs fractionated and
concentrated so that tic flavor is about 150times that in
thie fresh juice. Such a method is now used commercially;
howvever, there 1is coﬁsiderable rcom for improve:nent in
this method.

The United States Regional Laboratory at Philadel-



ohia (9) developed an ester distillation process for re-
covering tune esters frou grape julce, and earlier a pro-
cess for tilie recovery of apple esters. uvntil recently,
grape and apple conceantrates were practically unknown to
the marxket. They were previcusly concentrated and the
esters fractionated and returned to the concentrate for
the purpose of maiking fuller flavored preserves, jellies
and cancdieg., Ilovever, the field ol ester recovery has
spread to that of the concentrate with the resulting pro-
duct difficult to differentiate from that of the original

juice, even by the most critical taste buds.

LUSIDILTT L T T TSN T o mTy
nogw LS iiaaa, v . - —adl RPN SN

The equinment that has aided the development of the
concentrate uses, for tlie most part, involves the use of
both sides of a refrigeration system. The high side (lot
zas) is used for heating the julce and the low sicde (cold
boiling liquid) is used to condense the water that has been
boiled off the juice. Iitchell (1l8) states that Joe Cross
of slojonnler Erothers zquipment Company, after a thorough
study cf the problem at hand, suyggested using a refrigecra-
tion system for simulteneous heating and cooling the orange
juice. It was imuaediately tried and with considerable
success,

vsing equipment that was originally intended to fill

a huga army demand for orange juice povicer, the rlorida



Citrus Coimission was able to get into mass production
quickly, rather than wait for mamfacture and delay in
&iving the orcers for new equipment to a private con-
cern. This all came about alter the initial success of
test marketed frozen concentrated orange Jjuice.

Cross (6) states tnat this new system requires no
steam or other scurces ci heat, operates at any tempera-
ture down to 40°F, gives multiple effect economy at single
temperatures, and delivers &all water vapor as condensate.
In connection with low temperature concentration the
following steps must be rigicly followed; rapid handling
under sanitary conditions, thorough deaeration, heruetic
sealing 1In gas tight containers, and tlhie julce must be
quickly frozen and stored at O°F or less. Tuis may be
salid about any unpasteurized food product which must be
expected to hold up under storage. The total tirie from
extractlion to freezing in the can is now twenty minutes
for orange juice.

For over a century, designers had been looking for
a method of concentrating liquids in a closed vacuum
cycle, the heat given off in the condenser to be used in
boiling the incoming liquid. There is less than 2 per-
cent more heat in a pound of steam at 100°F than 60°F,
however, the volume at 60°F 1s 1203 cubic feet and any
vapor pump handling such a volume would lose far more

than 2 percent in friction; other losses combine to make
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it nore econoiical to use live steam rather thean the re-
generative cycle, The hizh ratio of verformance of a
refrigerating system, frox the stand)oint of lieat, adajts
it perfectly to this service. It 1s easy for a refrigera-
ting machine to lLiandle from tiiree to five times the hLieat-
energy put into the motor driviang 1t. Applied to a low
texperature system (&) using ammonia rmeans that two pounds
of amnnonia at 7.2 cubic feet 1is puaped instead of one
pound of steam at 1208 cublc feet,

After the adoption of the ilojonnier systen, several
otliier ecuipinent manufeacturers drough out their version
of low temperature concentraticn equinpment. The 110ost
notable of these is the Ilelly-lioward concentrator, which
like nost of tie otliers, incorporates a refrigeration
system eithoer directly or indirectly. Tiie Zelly-lloward
coicentrator (19) (now known as the Carrier-lioward) uses
ot water to provide heat for initlal bolling, the original
heat being supplied by a hot well indirectly connected to
a refrigeraticn sysvem. The vapor from this boiling is
sunped to the next effect and provides heat to continue
boiling the juice from which it just left and in the next
effect, In other words a step down vacuum system 1s used,
with a vacuum of 29.14, 23.44 and 22.64 inches of mercury
in each successive step.

Developiment of the ilojonnier system has also stimu-

lated other mamufacturers. DBuflovak has now developed an
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evaporator heated with low Zressure stean which »roduces
a concentrate under practically the same temperature con-
ditions as those ovtained in the ilojonnlier and the Xelly-
lovard evaporator. DRector (22) states that as far as can
be deternined, the quality of the product produced in the
evayorators 1s identical,

The Stokes liachinery Company has ceveloped a process
of drying by sublimation which still has only limited use
in the field ol low temperature concentration. The equip-
nent is high priced, liitewise the maintenance; also they
have not developed a continuous system, although this is
the uitimate goal,

The Lational Research Corporation is the only firm
to switch from frecze drying orange julce to a nowder to
the frozen concentrate with any success. This Corporation
placed their money on developing a powdered product for
consuiler use. This investment »roved to be a failure.
However, in the »rocess they had ceveloped a high capac-
ity low temperature evapbrator of unique design such that
when the outstanding results of the first test marketing
of orange concentrate (using the cut-back method as well as
low temperature evaporation) reached Florida, the Corpora-
tion was able to start production in thelr evaporators on
a large scale and get into the market quickly. The llation-
al Research Corporation must, therefore, be given credit as

being instrumental in the development of the present con-



centrate industry.

All of the aforementioned companies maixing low teaper-
ature evaporators have applied for patents., Other than
basic clains, these patents are still pending at this writ-

inge It must be remembered that the rapid progress in this

=)

ield is very new and that new developments continually
turn up., Xnowledge of these developments 1s not always inm-
mediately known,

Systems like the liojonnier, Carrier-iioward and others
have several advantages over othier types or older steam
type vacuuwn systemns. These advantages (17) are: (a)high-
er econoinies; (b) less danage to flavors; (c) wide vari-
ation of operation teuperatures; (d) flexibility of opera-
tion; (e) requires no source of heat, only electricity to
operate compressors, and; (f) delivers all water vapor as
condensate, Ey careful selection of refrigerants tiese
systems may be used for any Jjulce concentrating over any
temperature range for any frult or vegetable or sugar
solution. Cross (6) states that if this system were to be
compared to, say, a steam boiler multiple effect evaporator
handling an equal amount of evaporation, the energy input
to tils system would be only a small part of energy re-
quired to producc steam in the boller; further it would re-
gquire a fifteen effect steam evaporatcr to acquire the sams
efficiencye.

The fact that all water vapor drawn from the julce being
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nrocessed is delivered as a condensate is important wiien

the esters or flavor conpounds rmust be extracted from this
water and added to the concentrate. The condensate is also
used when concentrating certain pharmaceuticals, and alcohol
solutions or any solution thet gives up lmportant compounds
in its distillate.

The one »rocess of concentrating Jjuices at low temper-
atures that does awvay with cut-back methods, flavor losses
cdue to evaporation, etc., is concentration by freezing. A
cormlierclally economical system of this type is the dream of
all processors. :.any investigators and many companies have
s>ent countless years and countless hundreds of thiousands of
dollers atteupting to develop a system of tiidls type that
would be economically feasible, About the best systems to
conie out of all of this research are cescribed briefly from
what little information there is available,

Stahl llethod (26): Tne Stahl method (on which

considerable current research 1is being con-

ducted) consists of either freezing the de-

serated juice to a slush and then centrifug-

ing, or freezing to a solid cake and crushing

the frozen mass 1in an ice crushoer and then

centrifuging. Seweral freezings and centri-

fugings are necessary to obtain the desired
concentration,

oyes Process (4): The lloyes .rocess like
the Stanl mcthod gilves 1little indication
as to the type of equipment that is used.
The wocess is siuply the freezing of the
juice and then by adding carefully con-
trolled lieat unifoimly, the water is re-
moved elther by draining or sipuaoning.

Thie develouiient of a suitable freezing concentration



systen 1s Liportant in that none of thie flavor conmpounds
are renoved during the counceutration process. 'itli:such
a system, over-concentration, cut-baclz ricthods, ester re-
covery Irom fractional distillaticn, etc., would be elini-
nated.

2roponents of freezing concentretion point out that
tiie latent lieat cof freezing water is only 380 calories,
while thet cof evaporation is 537 calories. This is true,
but such efficiency is not ovtained in coimsercial practice
(22) because of the less cirect use of energy in freezing
caused by the development of mechanical energy.

Cf the two systems cdiscussed above, 1t is difficult
to determine wiilch will be fully developed on a cormercial
basise, Little ig lImown avbout the Stahl process, other
than a nention here and thiere in food englneering journals,.

The author is more faulliar with the lioyes process
because of a personal visit to the Cherry Crowers Co-op,
Traverse City, liichigan, as well as perusal of the patents
covered by this process. It is felt thnat eventually a
coriercially adaptable process will be developed and it 1s
the author's oninion that the Co-op is close to the solution,
if not already there,

Noyes! system is et present being used on a conmercilal
basis by the Co-op at Traverse City. There, the Co-op is
concentrating cherry and apple juice by freezing. This

process foruerly required ten days. DBy tedious and time
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consuming labor, they (the Co-op) have reduced this pro-
cess for concentrating apple and cherry juice by freezing
to two days.

The Co=-op is not producing concentrates at full ca-

e

pacity; a little more data on production costs, further
agevelopments 1In equipment, and a hook-up witih a national
frozen foods firm such as Snow Crop, iiinute ilaid, Pasco,
etc., is all that 1s preventing full capacity production
of this julce. They (the Co-op) belicve that they can
operate on a couriercial scale with this system and still
undersell orange Jjuice.

At this writing too much cannot be sald about wiat

going on at Traverse Cltye The Co-op has sgent the

[N
7}

tine and money required to develop this process and its
secrets are guarded accordingly.

Frowm the patents (23), it may be concluded that the
julce 1s frozen into a solid mass, Carefully controlled
heat is then uniformly added and the concentrate is drained
off, leaving a practically pure ice crystal resicdue. This
is one step farther than most investigators have carried
the freezing process and may well be the main part of the
Co-op's systemn.

Dr, Pauline Paul (3) and cilers in tlhie Home Lconouics
Department of ilichigan State College rcceived some inter-
esting results from concentrating some ilichigan fruit juices

by freczing. Thae juices were slush frozen and centvrifuged.
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A few of the interesting results included the fact that
the grape and rasnberry concentrate was preferred over
the original juice, and thet cherry juice was too tart
and that black raspberry was too flat for beverege pur-
poses., Tomato juices turned out weak in color, texture,

and flavor, .
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PART II

AMImTT T AT MTTTY PR ATT CTTT
D Llivd iuao il OI‘ L1l r;\ou'h‘-aui

The definite objcctives of this worlk were as follows:

1. To design and construct agparatus for the
concentration at low tenperatures of fruit
and vegetable juices, such system to be
different in design from any othor known
system. The treatiient of the juice to be
sliillar to that which it would receive on
a comiercial basis.

2. To develop or attempt to dovelor a fruit
or vegetable juice or juices of nigh
palativility thiat would, if placed on
the marizet, be recsived withh high con-
sunier preference.,

S To determine which of these julces would
verrant further 1nvestigation as a cold

beverage concentrate.

DISCUSSICN OF OLJalTIVLIS

A discussion of the construction of tiie ajpparatus
apoears later in this work. It is sufficient to say here
Cthat it was inmportant that the julces under investijatlon
be treated in a menner similar to thiat wiilch they would
receive in a comercial plant. The results of the taste

manels are, thercfore, of direct use to those people in



the julce processing industry. If the Jjuices were to be
treated 1In any other manner, tiiere would be delays by
cotierclal firas for the dovelopment of eqguipzment to
handle any special treatuients. As will be seen, the
juices were all processed in a manner similer to com-

3le of con-

FS

e
()

mercial packs of sinilar juices. The princ
centration is notiing new in tiat tlhie julce 1s subjected
to a high vacuwi, and a carefully controlled low heat
Input. The low neat treatiient during concentration pre-
vents any cooked flavor developiient, or excess loss of
volatile flavor compounds in the condensate. In all
cases the vapor arawn from the juice was delivered as

a condensate with thie thougnt that it could be frac-
tionated for study as a {lavor improvenent when added to
tiie concentrate.

The main oppertunity confronting fruit and vegetable
growvers in non citrus growing areas is for an attempt to
be made on tihe exzploitation of juices froa fruit and
vegetables growing in thelr own back yards. Vegetable
juices are linown to contain certain essential vitaiins
and minerals. Iiowever, 1t 1s hiard to believe that the
housewife would purchase vegetable juices for her fanily
to drink as a vevergge. There would always be a small
demand for a ve_etuble juice or a blend of vegetable
Juices for their liealth giving gualities but not as a

beverage. I'rowm the standpoint of vitanins and minerals,
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beest root juices (23) are an almost perfect food, but
the juice ccntalins a very distasteful eartiyy flavor
thaet so far has been ipossible to remove.

A stoclkk ansvwer as to whether a person would drink
carrot, pea, spinach, cabbage, turnip, etc., as a bever-
aze 1s "only a vegetarian sadist would drink such stuff™;
it is felt that the demnand would be so slignut that in-
vestigation in such julces is not warranted.

Celery juice, cn the othér hand, cdoes have certain
posgibilities as a beverage, brealifast pickup or seasoner,
Slight as it inay seem, there is a definite number of people
thhat would welcowe a highly palatable, properly seasoned
celery Juice, preferably in the frozen concentrate form
for convenience of handling and psreservation of the highly
volatile Ilavor comgounds iniierent in the juice. For thils
reason, celery julce was the only vegetable julce investi-
gated in this work.

Tomato juice hias possibilities as a cold concentrate,
but, like grape Juice, it is not dauaged by the teuper-
ature of the hot pack. This julce separates on freezing
(7) and offers a faded color and flat taste to the con-
surier. Concentration by freezing (3) offers approximately
the same results. It is felt that exploitation of this
Juice as a frozen concentrate would not yield the desired
results.

Apnle concentrate will find a ready narket as a frozen



concentrate, although, & _ood canned single strength pro-
duzct has aspeared recontly on the market. It is felt by
the author that crab apple offers imuense possibilities as
a booster for some of the more insipnid juices inherent in
certain avple varieties.

frult julces such as strawberry, blackberry, peach,
near, etc., were not investigated in that the inherent
qualities of tliese Jjuices do not lend theiiselves readily
to desirable beverages. Juices with weak flat flavors
that would not conceivably receive attention as a concen-
trate were not cunsicdered in this work, Other juices such
as currant and raspberry were unobtainable at the time of

operation.

mITT T T T TrTam T o AT
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The juices Investigated in this work included five
varieties of apple, two varileties of plun, celery and
blueberry. It was felt that of the julces unknown to the
market as a concentrate, these offered the greatest possi-
bilitiles.

The apple varieties included Torthern S»ny, Golden
Delicious, Grimes Golden, Jonathan and Crab., I'rom this
work it was hoped thiat Crab Abple could be developed into
a booster for normal cider and definitely proven to improve
the flavor of Jjuice from apples giving flat, watery, in-

sipid Jjuice.



Plum juice, having a natural tart acld taste, was
investigated with the hope of developing it into a bever-
ai;e, eitihier by itself or in combinaticn with other juices
such as apple, blueberry, etc.

Celery Jjuice was investigated with the thought that
it could be ceveloped 1into a beverage or at least a season-
er for dressings, soups, etc.

Clueberry was investigated with the thought that it
mizsht be developed into a beverage because of its immense
popularity as a flavorling corpound in caltes, coolities, pies,

etce

JUICEZ TRIATUIZLT

Spy, Delicious, Crimes and Jonathan: These apple

varieties were grated and pgressed in a small 10 ton apple
press. ILiaiedlately after pressing the juice, pectlnol was
added at a rate of 12 ounces per hundred gallons; this
aniounting to 3.36 gramns per gallon. The Juice was allowed
to stand at room temperature for six hours, and then placed
in a cooler at 36°F for 15 hours. At this time the clear
juice was siphoned Irom the orecipitated pectin and im-
mediately concentrated. The juice was concentrated at 3

to 1, with 75 percent of the water removed. The Juilces
vere theﬁ stored at =20CF until ready for taste tests.

Crab Apple: The Jjulce from this apple is known to

contain high acid and an astringent taste. For this reason



the anples were stored for ajdjroxinately 45 days after
picking. The temperature of storage wos approximately
40°F., After 45 days, the texture of the Crab Apples
was mealy and the acild content reduced. The Crab Apples
vere rated, pressed and depsctinized in a manner siailar
to the other apple varleties., After concentration, pre-
cipitation occurrcd, and 1t was necessary to filter the
juice throuch a filter pad with diatomaceous earth added
to the juice. The juice was then stored at -20°7". This
juice had a high acid flavor and nad a tendency to pucker
the nouth; nevertiieless, 1t was a typical apple flavor.,
Plum: Two varieties of prune plum were lnvestlgated;
the processing before concentration being the same. The
two plum varietlies were an Italian Purple Prune Plum and
a Japanese Ned Plum. Tne »lums were washed and pitted
from the raw state. The halves were placed in an open
stean jacketed kettle and quickly heated to 160°F, The
plums were slowly stirred with as little mashing as possi=-
ble. Tour and one half ounces of rapnid-flo filter aid
(diatomaceous earth, type 1) was added to each peck of
nlums processed, The pluis viere then placed 1n a nylon
bag and pressed at 500 p.s.l. on a horizonal hydraulic
press. Tihe resulting Juice was clear, of deep color, and
very astringent to the taste. Pectinol A was added at a
rate of one vound per 100 gallons of julce, and allowed

to set at 70°F for six hours, and for 15 hours at 36°F.



The clear Juice was thien siphoned off, concentrated and
stored at -20°%,

Celery: Celery was washed and cut into six inch
strips and stean blanched.for five minutes. The ceclery
was Liviedlieately irumwersed in cold water and passed through
a gcrew impeller type of tomato juice extrector and filter-
cd throughh a juice cloth. The Jjuice was salted to .28
percent by weight (13). The color was light green and had
a slight cooked, veak flavor.,

Slueberry Juice: Tressler, et.al, (13) suggest tho

storing of blueberry juice for two months after heating

to 1300, At the tiune of this investigation, time did

not permit the storage of the julce. Tiicrefore, a guiciker
method of processing before concentration was attempted.
Tho berries were heated to 130°F in an open steam Jacketed
kettle. They vere then passed through a screw impeller
type of tomato julce extractor. The julce was first stored
at 3697 for seven Cays with no a»rparent settling. The
julce was thien frozen solid, thawed and again allowed to
set for seven days, still with no apparent settling. The
juice was acain heated to 180°F and a cellulose mash was
added. The julce was then hand squeezed thirough Jjulce
clothhe The resulting ligquid was of uigh color and flavor
yet thin enough for the concentration vrocess; tiie cellu-
lose mash absorbing most of the sludge and mmucilaginous

matter inlierent in the Julce. The soluble solids of the



juice was doutled (from 14 to 28 percent) and the juice
imaediately became too thick for further concentration.
The Jjuice nhad a flat week flavor with hign stalning
properties and had a thicik undecsirable texture. Storage
of the Julce may be the only ansvier in preparation for
beverage purposes, as clarification removes some of the
flavor,

The original solids and final solids of the julces

investigated are listed as follows:

Original Final
Juilce Solids Solids
Spy Anples 11.2% 44,99
Delicilous Apples 11,15 44,67,
Jonathan Apples 11.5% 45,35
Grimes Apples 11.7% 46.87
Purnle Plun 15.97 49,.0%
Red Plum 10.2% 41,07
Celery 4,15 20.0%
Dlueberry 14.0% 23,0,

Crab Apples 14,07 42,0,



COLSTRICTION O APPARATUS

It vas deciaed that a refri_eration cycle would be
used as a heat source and in turn as a cooling source
for delivering the vagor as a condensate. This type of
systenn would offer i:ijh econonry, easily controlled heat,
flexivility for operation (any wall plug) and flexibil-
ity of conmstruction, i.e., any te.iserature range, any
pressures, by proper selection of refrijgorant. The equip-
uent, for experimental _urooses, namely a compressor, ex-
pansion valve and cop.er tubing, vwas easlly obtained. The
previously mentioned factors were all considered in chooé-
Ing and designing the equipment in order to hold cdown the
coste

Thie equipment for the Juice cycle liad to be elther
stainless steel or block tin tubing. A coubination of
both was used; stainless steel tubing in vhich to boll
the juice and a coil of bloclk tin tubing in which to con-
dense the vansor. A sloping double tube effect was con-
sidered as the riost economical both frca cost and con-
struction details. Tie sloping effect talkes advantage of
a natural »uap, i.e., the vacuwn duilp »ulls the juice up
tlie tube at a much slower velocity than tuat of a downward
slope. his fact results in less surface area (lowver cost)
for hweat transfer and greater amount of water removed per
effect or passeage than a downward slope or vertical shell

and tube effect. From the previous discussion, it can
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readily be seen that such a2 design would have definite
corulercial acdvantages.

A watcer batly was chosen as a carrier of heat betveen
the cold boiling refrigerant and the condensing vapor.
Tiils renoved the necessity and expense of using a naterial
tiiat would not elfect the flavor of the concdensate nor
rcact unfavorably with the refrigerant. The construction
of such ean evaporator would also entail considerable cost
and renove any flexivbility of tiic system in that one could
not ve disassembled without dismantling the otlier. Iy
keeping; the two systewms separate, separate metals (copoer
for the refrigerant, block tin tubing for tliie ccndensate)
were used, construction details were relatively simple,
and the cost couparatively low. One maln advantage of
such an evaporator is tlie large temperature differential
tiiat could be used. This large teperature ciffercntial
allows for less equipment cost in that the same amount of
heat may be transferred for less surface area than a
system using a smaller temperature differential. This

fact 1s highly desirable for experimental purposes. IHow-
ever, a commercial system would probably do away with the
carrier, combine the two systems, use a smaller temperature
differential and more.heat transfer area and consequently
more cost. The reader may ask why, and thils is easily
answered in that such commercial systems would obtain more

efficiency with refrigeration equipment using smaller
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temperature differentials, which, in the long run, would
counteract the extra expense involved in construction and
use of greater transfer areas. By combining the two
systems, a commercial system would also take advantage of
a higher overall heat transfer coefficient due to the heat
being transferred directly from a boiling liquid to a con-
densing vapor (16).

A Cenco-ilyvac vacuum pump was used. The pump uses a
115 volt one-eighth horsepower motor, V-Belt driven. The
pump was protected against excess molsture by the subcool-
ing of the condensate. This pump lowered the boiling point
of water to 85°F during operation of refrigeration system.
With the heat source snut off, the boiling polint was low-
ered to 60°F. This phenomenon may be explained thus: The
amount of water vapor coming out of the tube is such that
at any given time the bolling point will not fall below
85°F, the water vapor is so thick that such lowering is
impossible. Vhen the heat i1s shut off and vapor ceases to
pour out of the evaporator tube, the pump draws off the
vapor immediately above the juice, thereby lowering the
boiling point of that solution. The system 1s leakproof
for all practical purposes, in that a vacuum of 27" of
mercury 1s maintained 24 hours after the drawing of the
vacuum., For this project this meant that the boiling
point of the original juice was lowered to 90°F., As the

juice became concentrated, the boiling point would rise,
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(due to the increase in solids), although the vapor
pressure above the juice wculd remaln the same. For
example, a juice containing 11 percent sugar would
boil at approximately 90°F on its first pass through
the system. On the last pass tnrough the system and

a final concentrate of 44 percent sugar, the boiling
point would rise to 105°F, This amount cf vacuum and
correspcndingly low bolling temperature was deemed low
encugh to prevent any development of a cooked flavor

in the juices being investigated.

IOV THE SYSTEM WORKS

Juice Cycle: The original juice (point 1, fig. 2)

.(point 11, fig. 1) enters a long sloping tube (point 3,
fig. 1) and picks up heat from condensing refrigerant
gas. The boiling juice (under high vacuum) flows out of
the tube (point 2, fig. 1) and spills over into a four
liter suction flask (point 12, fig. 1). The vapor that
has been driven off the juice is drawn through the rubber
stopper and into a block tin condensing coil which is im-
mersed in a cold water bath (point 13, fig. 1). The
vapor condenses in this coil and flows out of the coil
and into another suction flask (point 14, fig. 1). The
vacuum is drawn off the top of thils section flask (point
3, fige. 2) by the vacuum pump (point 15, fig. 1). The

condensing vapor gives up its heat to the cold water bath



which in turn gives up its heat to the cold boiling re-
frigerant,

Refrigeration Cycle: Hot high temperature freon

gas leaves the compressor (point 1, fig. 1) and enters
the double evaporator tube (point 2, fig. 1). This hot
gas then concenses as it gives up its heat to the boil-
ing juice within the tube. The hot high temperature
liquid leaves the evaporator tube (point 3, fig. 1) and
enters the liquid receiver (point 4, fig. 1). The hot
liquid then passes through a small silica gel drier
(point 5, fig. 2) and enters a thermostatic expansion
valve (point 5, fig. 1) where it is throttled into a
cold low pressure liquid before entering a copper coil
immersed in the cold water bath, which serves as an e-
vaporator for the refrigerant. The cold, low pressure
boiling refrigerant picis up heat from thé cold water
(which is the same heat picked up from the condensing
juice vapor). The cold, low pressure gas is then drawn
off from the boiling refrigerant (point 4, fig. 2) and
compressed into a hot high pressure gas. This completes
the cycle.

The reader may follow the same cycles on the colored
schematlic view (fig. 3, page 34). This sketch should
clearly 1llustrate some of the mechanics of the system,
i.e., the juice flowing up the long sloping tube, piéking
up heat from the condensing gas. Also the form which the
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colls take for the condensing vapor and the bolling re-
frigerant has been drawn to approximate their shape and
position in the water bath. The color scheme 1is illus-
trated by the key in the upger right hand corner of the

sketch and the cycles are easily followed:

PoLRFORICALICE OF THi SYSTEL!

Operating conditions for each juice 1is approximately
the same., The only variance occurs when the tempserature
cf the incoming julce ranges considerably below its boilil-
ing point. The 1nitlal temperature of the cold water bath
for each operation was the same, giving the same average
low pressure on the low side of the refrigeration system.
The average pressure of the high side is governed by thse
boiling temperature and quantity of juice flowing up the
evaporator tube. The boiling temperature of the juice is
governed by the amount of vacuum drawn (constant) and
total soluble solids content of the juices being concen-
trated (variable), For all practical purposes the boil-
ing temperature of the juices in question may be considered
the same as they varied only a few degrees. From the PH
chart (page 33) it may be noticed that the amount of heat
available for bolling the juice is more than the heat
picked up in the low side. This fact sets up an inequality
winich would make this system unfeasible for long periods

of operation without a supplementary condenser on the high
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side. The difference would approach equality with saaller
temperature and pressure differentisls. For experimental
purposes and short periods of operation (4 hours) this in-
equality does nct interfere witih the operation. The heat
difference shows up in the water bath as 1t receives nore
heat from the concensing vapor than tuat wiich 1s picked
up by the refrigerant, consequently, there is a slow rise
in the tenmperature of the water bath. For short periods
of operation this 1s considered negligible. The rise 1in
tenperature of the water bath neans that the tenperature
of the subcooled watser vapor 1s hicher. In the calcu-
laticn of lieat transfer area (see Appendix, page 4) extra
tube length provides for the heat inequality in that the
distillate 1s subcooled 40 degrees. I'or four hours of
operation the subcooling is reduced to 35 degrees which
is still appreciably lower than the bolling point of the
distillate and whlch stl1ll protects the vacuum pump from
drawing excess water vagor.

The unit volume of juice concentrated in all cases
was one gallon. To concentrate to 3 to 1 means that 75
percent of the total volume in the form of water must be
removed. Three fourths of one gallon is three quarts or
six pints which is six pounds. The rate of removal of
water from the Jjuice is one twentieth of a pound per
mimite or three pounds per hour. To concentrate one

gallon to 3 to 1, theoretically, requlres two hours of



actual operating time. Total time of operation averaged
two hours and forty minutes because of the time required
to transfer the partially concentrated julce to the origi-
nal flask for another pass through the system and because
of the inefficiencies of the system., Total passes through
the system for a concentrate of 3 to 1 averaged four, which
compares with a quadruple effect contimuous evaporator.
Following is a data log on operating temperatures,
pressures, xilowatts used, pounds of vapor drawn off, etce.
Thermometers were placed in the stream of partially con-
csntrated juice flowing out of the evaporator tube and in
the stream of distillate flowing out of the block tin tub-
ing. The vacuum drawn is read from tables corresponding
to the boiling point of the juice; far more accurate than
reading the type of gage used. A low pressure gage 1s
pPlaced in the refrigeration cycle immedlately before the
low side gas enters the conpressor and a high pressure gage
at the liquid receiver. Temperatures of the refrigerant at
these various spots iIn the system come from a PH chart or
refrigerant tables, The kxilowatts and pounds of vapor were._
measured directly with a watt meter and licgulid measure re-

spectivelye.
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REIMIGLNATICON CYCLE:

1. Condensing Pressure: Average condensing oressure and
temperature of freon gas = 215 psi abs. and 137°F.

2. Lvaporator Pressure: Average pressure and temperature
of boiling freon = 35 psi abs. and 18°F

JUICE CYCLz:

l. Average initial teumperature of incoriing juice = 60°F.

2. Vacuua and bolling temperature of julce = .7392 inches
of mercury and 95°F., (It must be remembered that the
vacuum 1s constant but that the boiling temperature of
the julce rlises as 1t becomes concentrated; 95°F is
the average boiling temperature.)

OPnRATION PIRICIUIANCI:

l. Average pounds of vapor drawn off of juice per hour =
«8 pounds,

2. Average kllowatt hours used per hour = ,228.

3. Pounds of water removed per kilowatt hour = .8 =
\).5 lb .228

4, Cost per pound of water removed (at 3¢ per kilowatt
hour) = 3 = .86¢.

SeO

5. Evaporator area for juice = 1.075 sq. ft.

6. Square feet of surface per 1lb. vapor per hour = 1,075 =
1.%4. .8

7. Lvaporator performance (1 kilowatt = 3413 BTU)

Performance = ETJ Output = .8 x 1103 = 1.137.
ETU Input .28 X 3413




RESULTS

The Jjuices were stored in one half pint containers
at -20°F until such time as they were ready for taste
tests. The length of storage varied from two and one
half months for the plum juice to three weeks for Spy
and Jonathan apple juice. The minimum for any juice was
three weeks with an average of seven weeks, which was
considered sufficient for any off flavor development due
to storage. Celery julice was the only juice to develop
off flavors. The off flavor development may have been
due to improper blanching, 1.e., enough enzymes were
active at the time of storage to cause flavor deterio-
ation in storage. Proper blanching may prevent such
off flavors.,

There were some comments with regard to the celery
in that it was suggested that California varieties would
have produced a better juice. Remarks regarding the
flavor of the reconstituted juice was "bitter", "salty",
"netallic" and "completely unacceptable",

The general plan of attack was to conduct preliminary
taste tests in order to determine which of the juices in-
vestigated would be preferred or which blends would give
promise of being developed into a highly palatable bever-
age. From the preliminary results, two beverages viere made
up from the concentrates and single strength juices, their

composition depending on earlier individual scores.
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In accordance with the suggestion of Baten (1),
crackers and water were provided for removing the effects
of each sauiple before going on to the next samnple, It
must be remembered that a large part of thie people availl-
able for scoring the samples were unfamillar with the
proper technique involved and that these people may have
had a tendency to give a high score. For this reason,

a majority of the testing was turned over to Dr. Pauline
Paul of the Department of Home Iconomics. A highly criti-
cal score was virtually assured, as well as having trained
personnel make the tests. EBecause of the large number of
samples tested, the score sheet (see page 40) was made as
elenentary as practical. Concurrent with the testing in
the IHome Lconomics Devartment, the author conducted taste
tests at the Department of Agricultural Engineering, using
the same score sheets and samples with the same basic in-
gredients. The results are combined in this work,

The tests were set up in groups with no one person
tasting more than nine samples on any given day. The
groups, corposition, preferences and typlcal remarks
follow:

Group 1: Delicious, Jonathan, Crab, Grimes apple

julce and purple plum vere set up withh three samplss

to each variety. Samples A, B, and C of each variety
were stralght reconstituted juice, original juice,

and reconstituted juice plus 10 percent original



~~
oJ

\~ o

-~ 7

kA

-40-

e meciwk a T oas s ewr st .. .
~
L
.
B
P OTIL T 4 A B ¢ 08 S 4 S SMe W A ¢ @ W P
- v o - i -
ey " . A R ATTIS B
B < SO0 (R e N r oo I.-:’4 {78
.3
- -
Y

o2

)

Y . Ve, . e~

k)
- A mmALe e $)® . - Swws T

L)
€ ———— L - —

)
1P Ty A  Tra-sser

ETE ST

i - 2

saleh exaay A mvyp woold o iz willtog to rurchere for houo veos?

~

SAIIPLE SCCORE SASLT USED IN PRILININARY

TLSTING




1.

2.

-41-

Tlieh do you profer?

Ao

Be

Vhioh oms, if eny, woald yeu eare to drirk es e bewergye?

SANMPLE SCORE SHOET USED IN FINAL TzST

2



-42-

juice respectively. For the remnalnder of this work,
the reconstituted »lus 10 percent ol the original
juice will be lknown as the cutback method or cutback
juice.

1. Jonatiian and CGrimes rcceived hich acceptabili-
ty ratings for vothi thie crisiral julce and the
cut-vback juice. Typical co.uments included "typi-
cal apple flavor™, "good taste", "lacks sroma but
nas good taste". In bot.i cases the straignt re-
constituted ratec last but recelved an acceptable
flavor score. Tyoical coaients were "slightly
flat, lacks arona®, iculd be very good were it

not for ti.e fact that tne others were present

for comparison",

2. The straizht recoustituted crab and purple
nlum vwere preferred over the original juice and
the cut-back juice. However, the plun was un-
acceptable as a beverage in that it wes highly
acid ana astringent to the taste., Ty.ical com-
ments included "too tart", "too .auch twang",
"too sour". Tie Crab Apple also received a high
acceptability score in the original juice form.

3. Delicious apnle jJuice gave a poor, weak tast-
ing juice. 1The cut-back juice was preferred.
Tyolcal comments were: "too watery", "weax",
"high aroma but flat taste".
Group 2: Three sauaples were set up with various apple
lends. Sanmple A contained 20 percent Crab, Spy,
Delicious, Jonathan, and Crimes. Sample E contained
50 percent Spy and 50 percent Delicious. Sample C
contained 40 percent Spy, 40 percent Deliclous and
20 percent Crab. Straight reconstituted julce was
used throughout, lovering any flavor score.
Sample A: This sample received the highest pre-
ference score, but not as high overall score as
compared to some of the other julces. Typical

comnents included "too much acid", "rather flat",
Macking aroma", "undesirable residual taste",
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Sariple C: This sample ranked second to sample A,
Typical comients included "sli%htly acid", "lacks
aroia but has a sharp taste", "rather flat in
apple flavor", "needs sometlhing".

Sample B: This sample ranked very close to
Sampble C., The presence of Crab Apple in the
other two was preferred. T?pical comments
weres "weak", "flat", and "some aroma®,

Group 3: Tuis group consisted of plum, apple blends
made up from scoures received previously cn the indi-
vidual varieties. All of the julces in these blends
wele made up from the concentrates. Sauple A con-
tained 40 percent each of Deliclous and Grimes and
20 percent purple plwn. Sample B contained 40 per-
cent each of Spy, and Jonathan and 20 percent purple
plum., Sample C contained 75 percent Spy and 15 per-
cent each of plum and Crab Appls.

Sample B: This samnple reted very high as compared
to the other two., OCut of twenty tesis it received
12 firsts, 8 seconds and O lasts. Typical comments
were: "could be stronger", "rather tart", "least
sharp", "distinctly superior", "desirable plum
flavor", "snappy apple and plum distinct".

Sample A: Tnis cseample rated second. It received
6 firsts, 8 seconds and 6 thirds cut of twenty
scores. Typical counsents were: "distinct plum
flavor"™, "a 1little sharp", "a most pleasing resi-
dual flavor", "most mellow".

Sample C: Thnis sample rated last out of the three.
Out of twenty tests it received 4 firsts, 4 seconds,
and 14 thirds. Typical conments were: "too much
whang", "much too sharp", "too much acid, not e-
nough flavor", "watery flavor, but leaves tart re-
sidual taste".

Group 4: ILach of the five apple varieties were blendsd

with purple plum at a ratio of five apple and one plum,
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Only one blend was outstanding and this was the
Grimes-rlum blend. The score on this blend was
the highest of all the juices tested, and indi-
catiuns are that this juice definitely warrants
furtiher investigation for beverage purposes, pre-
ferably in tine frozen concentrate form for a year
around bevereage.
Group 5: Celery juice was tested in the three
standard forms, that 1s, single strength, cut-
back and reconstituted. All were characterized
as strong, bitter, salty and completely unaccept-
eble. A small minority of the testers suggested
that the Jjuice may have possibilities as a seasoner
in soups, dressings or in combinaticn with tomato
or otuer vegetable julces. Others suggested that
varieties from California or other sections of the
country inay prove satisfactory for beverége or
seasoning purposes.,
Group 6: This group consisted of sweetensd plum
and blueberry concentrates, tested for possibilities
as en ice crsam sauce. Tne concentrates were made
up as follows:
#1 - 50 ml. nurple plum concentrate
plus 50 ml. sirup A.
#2 = 50 ml. purple plum concentrate
plus 50 ml. sirup B.
#3 = 50 ml. red plum concentrate
plus 50 ml, sirup B.

#4 - 50 ml. single strength purple
plum plus 50 ml. sirup B.
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#5 = 100 ml. blueberry concentrate,
50 ml. sirup B, 5 ml., purple
plum concentrate.

Sirup A - 1 cup sugar, 1 cup water
Sirup B - 3 cups sugar, 1 cup water

Tlie testers preferred 74 and #5. The plum con-

centrates vwere all too tart. The blueberry con-

centrates were criticlzed by some as belng rather

flat. Perhasns a larger amount of plum concen-

trates or a higher concentrate of blueberry would

imorove 1t.
Group 7: This group consisted of two sanples. They
vere made up primarily Ifrom tnose individual varietiles
receiving high scores and from those juices left in
stock. The scores are considered to be as good a
cross secticn of incivicdual palates as practical,
There was a total of three and one half pvints of each
sanple., Total testers nunvered fifty. <They were
staff members and graduate students from the Depart-
ment of Agricultural Engineering, staff members and
students from the Department of Eome Economics, and
staff members from the Department of Horticulture.
This was the final attempt to furtiier develop a high-
ly palatable beverage of xnown composition and juice
treatment. The results speak for themselves.

The two sanples were labsled A and B (sse sample

score sheet, page 41). The cbmposition of Sample A
was 25 percent Crimes, 26.4 percent Spy, 24.1 percent

Delicious, 9.3 percent Crab and 5.2 percent Jonathan.

These percentages are of the total solids in the final
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sample represented by each variety. Of these per-
centages all of the Jonathan and S5 percent of Grimes
were original juice, thus making each samnple similer
to a comuercial cut-back juice. Sample B contained
32.3 percent Grimes, 24,7 percent Spy, 22.5 percent
Delicious, 8.9 percent purple plum, 6.8 percent sugar
sirup (testing 64 percent sugar), and 4.8 percent
Jonathan, The total soluble sollids of these samples
tested was 12.8 percent. The PH of each was 3.54
giving an indicsation of rather high acid. Every
attempt was made to make the sariples alike with the
exception of Crab Apple in one and plum in the other.
oxamples of score sheets used in testing these
juices are attached on pages 40 and 41. The questions
on the preliminary score sheect were asked in an
attempt to get the tester to think critically before
scoring and to receive the comuents and evaluations.
The questions on the final sheet were for straight
evaluation purposes. The information should be of
interest to those in the juice processing industry.
Tne results of the testing are tabulated as
follows:
l. Vhich do you prefer?
A - 37
B - 10
No choice - 3
2. yhicgzwould you drink as a beverage?
L -

B - 6
Neither - 2
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3. Vhich do you prefer over regular apple
Juice?
A - 18
2 - 6
Both - 9
Same preference - 8
Nelther - ©

DISCUSSION OF DRESULTS

In attempting to evaluate the results of the taste
tests, it must be remembered that one type of reconstili-
tufed juice wasn't tried, i.e., a recconstituted juice
with its recovered esters added. Every attempt was made
to have the esters fractioned from the distillates. One
possibllity existed and that was to use tlie ester recovery
apparatus owned by the Department of Ilorticulture at llichi-
gan State College. However, due to circunstances beyond
anyone's control, the successful erection and oneration of
the apparatus was not completed at the time of the taste
testing. Therefore, this type of Jjuice, i.e., one with
the esters added backx, was not scored with the others.

The practice of adding back esters from apple distillate
is being »racticed comnercially with candy, pastry manu-
facturers, makers of jams and Jellles, etc.

The adding back of esters should generally raise the
score of the julce under investigation. The scores of the
juices in this work are, therefore, sliphtly lover than if

he juices contained the esters. Tlie various blends re-

ceiving high acceptability ratings would, therefore, re-



celve a higher score yet 1if thne ester 1mpregnation system
were used.

The volume of eacn varicty of juics was not great,
one gallon being the average. From the number of varie-
ties, it can be seen tiiat the possible combinations of
blends, in additlon to the testing of each individual va-
riety, nawxes a large total number of samples. Thorough
discussions with men in the field of julce beverages helped
to narrow the total number of saiples tested, thereby al-
lowing a greater mumber to take each test. Eecause of the
limited facilities, limited nuaber of trained testers,
small volure of samples and the large nwaber of samples,
the results of thcse tests must necessarily be limited to
determining which juilces warrant further iInvestigation for
beverage purposes.

In the preliminary taste tests 1t may be ncted that
the reconstituted juice received low scores all along the
line. It is a wvell establisned fact that any beverage that
contains volstile flavor and aroua coapounds irinediately
loses these components of flavor with the vapor drawn off,
tiie neaviest concentration being in tlie first 10-25 percent
of the vapor. The resulting julce is always flat to the

taste. The only Jjuices that are actually preferred as a

ness., This was proven vhen both the Crab Apple and the

Plum were favored in the reconstituted form and again in
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Dr. Pault's (3) work. Comients all the way thrcugh the
testing included "flatness", and M"laciking aroma" when-
ever tiie stral it concentrates were used. These comments
were miszsing iIn sone of the cut-pack juices and tine ori-
ginal juices. Tiils work clearly indicates that the cut-
back riethod 1s successful with most of the apple and plum
juice beverages.

Delicious apple julce shiuld be used at a miniaum
with apple blends and plum-apple blends. Thls julce gives
a desireble aroma and may be used 1n limited quantities
(preferably not .iore than 10 percent) for thet purposa.
In larzer guantitles thils juice leaves an undesirable re-
sidual taste in the mouth and adds practically nothing to
the desirability of the body of the julce.

Grines, Jonathan, Spy and Delicious are varieties
normially used in meking cilder, depending on what is left
over from the market, number of packing house culls,
seconds, etc. There 1s no standard forummla for making
cider. It varies {rom year to year, depencing on sur-
pluses, culls, etc. Crab Apple is entirely new to the
clder industry in this country. In Burope there are
special varileties of this avple grown for cider purposes
only. The results from tils work indicate that this
apple has definite possibilitles for adding high flavor
and aroaa to apple blends eithier as a straight run juice

or as a coacentrate, Difficulty may be encountered as



the Jjuice precipitates upon co.icentration regardless of
depectinizing treatment. Continued filtration or siphon-
ing is required after concentration with this juice.

Tne two final beverages both show high promise of be-
ing adaptable for beverage purposes. The scores wvere much
higher and the beverages were much more warmly received
than those in the preliminary testing. This would, in part,
be due to the fact that the final beverages contained at
least 10 percent by solids of original juice, whereas the
juice blends in the preliminary testing viere made from
straight run concontrates. Also, the final two beverages
vere made up from combinaticns and blends receiving high
scores in the preliminary testing, which was tlhie purpose
of such preliminary tests. A large majorlty preferred
Sample A over Sample B. It is felt that this is due, in
part, to the confusion resulting from Juestion 3 on the
score sheet. This question asked, "which if any, do you
prefer over regular ajsple juice". Sample B had a definlite
plum flavor and may have been down-graded accordingly be-
cause of the lack of natural apple flavor. The fact, how=-
ever, that such a large percentage (95 percent) deemed
that they would at least drink one or the other as a
beverage was gratifying. IZighty-five percent liked the
beverage Jjust as well as or better than regular apple
julce. This clearly indicates that either of these bever-

eges would be successful if placed on the consumer market



as a concentrate, using the cut-back method. It must be
remewmoered that these scores were given to juices two
montns old and with only 10 percent of the criginal juice
oresent to glve aroma and flavor.

Because of the large mumber of culls and seconds, in
the Telicious varlety of apples, a good method of making
a palatable beverage using this juice would be highly re-
ceived by the industry. Samples using Crab Apple in vary-
ing amounts with the Delicious are preferred over the same
samples without the Crab Apple.

Fresh gum juice contains acid in aiiounts of 1.8 per-
cent to 2.5 percent expressed as malic. Thils amount of
acid makes the julce unacceptable as a straight juice,
although the flavor and color of the juice lends itself
favorably to beverage purposes. For this reason plun was
blended with apple julce and the results indicate that a
blend of Grimes and plum offers an excellent chance of be-
coming a beverage with high consumner preference. This
beverage, along with several other blends, définitely
warrants further investigation by juice processors,

It is regrettable that time did not permit the further
concentration of blueberry julice. Storage of the juice for
two to three months 1s probably the one successful method
of removing the sludge and mucilaginous material inherent
In the juice. The Jjuice was concentrated from 14 percent

to 28 percent solids when thickening occurred. ILieverthe-



less, this concentrate when mixed with plum shows possi-

bilities as an acceptable ice cream sauce., Ilowever, the

cost of this Juice will probably prohibit its successful

exploitation as a beverage or 1ice cream sauce.

1.

2.

Se

Se

CONCLUSIONS

Jonathan, Spy and Grimes apple juice give an accept-
able concentrate using the cut-back msthod.

Crab Apple juice is unstable in that the julce rust
be filtered or siphoned off after concentration.
Straight purple or red plum juices (prune variety)
are unacceptable as beverages.

Cut-back apple juice cf the Spy, Grimes, Jcnathan
and Delicious varieties gives acceptable concen-
trates for blending purposes.

Concentretion removes practically all of the aroma
commnonly associated with apple juice.,

Concentration improves the flavor of Crab Apple and
purple plum for blending purposes.

The presence of Crab Apple in proportions of 10 to

- 20 percent improves the flavor of normal apple

julce blends,

The following blends, on the basis of scores re-
ceived 1n the taste tests of this work, definitely
warrant further investigation for beverage purposes:

1. 84% Grimes apple juice
16% Purple Plum
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20% Crab Apple
207 Grimes

20% Jonathan
20% Spy

20% Delicious

40% Spy
40% Jonathan

20% Purple Plum (sweetened to taste)

35%

26.4%

24.1%
9.3@

5.2;0

3243%
24475
22.5%
8.9/
6.8%
4.8

Grimes

Spy
Delicious
Crab Apple
Jonathan

Grimes

SPY

Delicious

Purple Plun

Sugar (testing ©43)
Jonathan
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APPENDIX

DETCRICINATION OF LEQUIPHINT SIZE

Keeping in mind that low cost and simple construction
was desirable, a system of small (as practical) capacity
was selected. A compressor of approximately one-half
horsepower figured to be satisfactory. The amount of water
boiled off per hour is governed by the size of the com-
pressor or heat input in the form of electrical power.

his type of system could easily have ten times the capaci-

ty, but the cost and size would be approximately as large.

wQOTCR HONSEZQVWLER QOIF COLMPRLSSOR

The size of the mctor to operate the compressor was
calculated in the following wanner (20):

1. Desired to remove 1/20 of a pound of water
per mimite.

2. At 95°F, water requires (at a vacuum of
28.26" of Hg.) 1040.1 BTU's to change into
steam. Total load therefore is:

1040.1 x 60 = 3306 BTU's/hour or 55.1
20 BTU's/mimute.

S« Condenser heat available per pound of re=-
rigerant from the PH chart = 56 BTU's/1lb.

pounds to circulate/ain. - 56 = .985 lb/min.

4. Compressor work from PII chart = 14 BTU's/lb.
Total Compressor Work = ,985 x 14 ® 13,8 BTU's/uin.

5. Theoretical Indicated Horsepower = 13,8 = ,329
42,42



6.

ilotor horsepower using a drive efficiency
of 98 percent, a compression efficlency of
80 percent and a mechanical efficiency of
82 percent =

M.H.P, = T.I.H.P. = . 329 = ,5125
I\I.EQXD.E.XC .E. .983{.803(.82

One-half horsepower motor was used.

CALCULATICOH OF HiAT TRAISFER AREAS

The condensing surface for the high side of
the refrigeration system consists of one-
half inch welded, type 304, 18 gage stainless
steel tubing. The juice flows up this tube
and accepts heat as the hot refrigerant gas
condenses. The length of tubing required
rniay oe calculated as follows:

Q = UA(Tl—Tz)K Q = Overall transfer of heat
wnich equals 3306 BTU!'s
(see item 2, page 1 of
appendix).

U = Overall heat transfer co-
efficient equals 110 for
& condensing vapor and
boilling liquid.

A = Total area required to
transmit total heat for
the given conditions =
5.1418xDL, Outside di-
aneter of plpe equals
.65 inches or .65/12 feet.

Tq= Temperature of the con-
densing gas equals 137°F.

To9= Temperature of the boil-
ing juice equals 95°F,

K = Fullness factor of pipe,
estimated at 2/3 full.,

L= 3306 x 12 = 6.31 feet
- 3. .6 1‘) OVOI’all
length used
was 7 feet



The surface Ior the evapcrator of the refriger-
ation system consists of one half inch copper
tubing. After the proper length was calculated,
the tubing was wound into a coil and placed in
the upper part of the water bath assuring good
natural convection currents since cold water
will sink and warm water will rise (the condens-
ing water vapor coll was placed in the bottom
of the water bath). The length of tubing for
the-refrigeration evaporator surface was cal-
culated as follows:

Q = UA(Tl-Tz) Q = QOverall transfer of heat
which equals 2820 (see
I chart, page 33),

U = Overall heat transfer co-
efficient which equals 40
for a boiling liquid to a
liquid with non-agitation
(18).

A = Total area required to
transmit the total heat
for the conditions given
which equals 3.1418xDxL.
Qutside diameter of pipe
equals one half inch or
1/24 of foot.

T,= Témperature of the water
bath which equals 43°F,

T,= Temperature of the boil-
ing refrigerant vhich
equals 18°F,

Q = Ux3.1418xDxL(Ty -Ty)

L= 2820 x 24 = 21,5 feet, overall length
Z0x3,1418x1x25 used was 22 feet.

Tue surface area required for the water vapor to
condense consisted of one half inch block tin
tubing. The tubing (@fter length required was
calculated) was formed into a pyramidal shaped
coil and was allowed to rest in the lower part
of the water bath (see schematic drawing, page
34), thus assuring maximum natural convection
currents. The heat 1s given up to the water
bath by the vapor condensing in this tubing.

The water is warmed and rises to the cold re-



frigerant coil above it which accepts this
heat, the water simply being tiie carrier of
the heat from the condensing water vapor to
the boiling refrigerant. The length of tub-
ing required 1s calculated in the following
manner:

Q = UA(Tl—Tg) Q Ovsrall hourly trans-
fer of heat which equals
3306.1 (see item 2, page

1 of appendix).

a
11}

Overall heat transfer co-
efficlent which equals

100 for a condensing vapor
to a liquid with no agil-
tation other than natural
convection currents.

A = Total area required to
transmit total heat for
the given conditions which
equals 3.1418xDxL. Out-
side diameter of tubing
equals 1/24 of a foot.

T1= Terperature of condensing
vapor which equals its
boiling temperature of
959°F, howsver, 75° was
ugsed in the calculation
because 1t was desired
to subcool the condensate.

To= Temperature of the water
bath which equals 43°F,

Q ® Ux3.,1318xDxLx(75-43)

L = 3306 x 24 2 7,9 feet
100x1x3.1416X52

The total length used was 10 feet of effective
length to assure protection for the vacuum pump.
The subcooling maintained a minimum amount of
vapor going into the pump. Total subcooling
amounted to 45° as the condensate was delivered
at 50°F,

The area used to bolil the juice is the same area
used as a condensing surface for the hot refriger-
ant gas. To assure a proper amount of heat trans-



fer, the juice need only be throttled such that
the pressure of hot refirgerant gas remains con-
stant. This means that the same amount of re-
frigerant 1s being condensed that is being com-
pressed, which assures previously calculated heat
transfer (see PH chart, page 33). By forcing the
juice to flow up hill at a correspondingly slower
velocity than that of a downhill slope, less area
would be required to transfer the same amount of
heat to a given quantity of juice. This neans that
for a glven surface area, the same amount of water
will be driven off a smaller quantity of juice
which will deliver a higher concentrate. The a-
mount of water driven off the juice remains con-
stant as thils 1s governed by the size of compressor
used, the amount of juice accepting the heat from
the hot gas i1s governed by its velocity over the
given srea, volling temperature, etc; all other
factors being constant, the velocity of the Jjuice
is the main factor governing the amount of heat

it will accept for a given surface area.
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