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Development of a Commercially Feasible Method of
Produeing Dehydrated Cherries and Berries

INTRODUCT ION

The end of the European phase of the wer lessens somewhat the demands
os the military for food in one theater of operations. The successful
prosecution of the Pacific phase of the v.rar and the needs of the liberated
peoples of the world, plus the civilian requirements of the sllied nations,
make imperative incressed rather than reduced food produstion. The problems
of adequate shipping space and tremendous transport distsnces accentuvate
more than ever the need for dehydr:ted foods. Thus the dehydration of cherries
and berries, especially in the Pacific Northwest, remains importent as an
industry.

The figures on the production of sweet and red sour cherries, aswll
a8 berries of various types, show that the west rn states, and e specially

Oregon and Washington, can grow the ruw products for a gr atly expanded

dehydration industry. Comparative production data for 1943 are as followss
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Table I
% Figures on Fruit Production
1943
Oregon Western United States
JTtem Washington
pounds pounds pounds

Frozen:

Fed Cherries 3,158,433 3,158,433 27,529,931

“weet Cherries 626,564 626,564

Total Berries 50,578,275 Ry b71 462 73,814,204

Strawberries 15,743,965 16,471,726 26,634,255
Total Berries and 69,740,073 74,728,185 ’128,60&,954
Cherries

' Ganned:

Ted Cherries 16,306,640 44,942,240

weot, Cherries 42,890,496 4d, 712,240

Strawberries 155,700 ° 155,700

All Berries 19,508,034 42,000,000
Total canied cherries and berries 78,860,870 131,810,180
grand total frozen and

canned cherries and berries 148,641,543 260,415,134

Total Western States production is over 57% of national totel.

FRom _ WESTERIV__CANNER _AND__ PACKER YISARBOUK

Thus it is evident that cherries snd berries are available in quantities
to warrant commercial dehydration of these fruits. Expansion of the produc-
tion of these, particularly of berries, is possible. This is indicated by
the fact thei acivages of the small fruits are now less than they were a
few yesrs ago. That equipment and manpower shortages, and not the returns on

the fruits, are responsible for thies decline, seems evident from the

following datag
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Table IX

Certain Small Fruiis, Acreage, Iroduction Price and
Value ¥stimates by Xinds, Oregon 1936 and 1943

Kind and year ey Tounds Average Vaiue of
Farvested parvested darve sted Frice farm
nar lb, Marketings

Strawberries
1936 10,900 32,976,060 Sedy $1,786,000
1943 8,000 15,264,000 13.9 2,020,000

Red Raspberries

1936 3,300 7,000,000 5.7 382,000
1943 2,400 6,800,000 15.7 1,020,000

Loganberries
; 1936 24150 6,200,000 400 242,000
1943 1,350 3,500,000 12.4 417,000

Boysenbarries and

Youngberries
1936 1,000 1,800,000 5.8 95,000
1943 2,600 9,000,000 12.4 1,079,000

Tame Blackierries
1936 750 3,000,000 Lol 120,000
1943 700 4,200,000 12.2 506,000

Above fipures from Oregon Agriecultural Extension Bulletin #656,1945

Wnile the ecreages of cherries do not fluctuste as resdily as those
of the small frults, ir scme sections due to unfavorable economic condi-
tions of prewier days, the plantings of sweet end sour cherries have declined.

There is, however, much land which is suitable to cherry production and can be

planted if eccnomic factors continue to meke profitable the growing of cherries.




f

- Trat we mi bt bettor work out certsin tecimicuves Iin the handling of
these frulte upon a commerelsl besis, ithle ~ecpv our efforis were eonfined
t. the deh dration oy ¢nly Lavh ri, Poyal Anne and Yontworeney chsrries
and Jarshall strewberricos, Ho work eos dong on any other varletios of

cherriss or with other ~mall fruite, Jlorever, tonnajes were del drated

wnich rovide & besis for commercial o licatlon of our mebhols,
. The frosh and dr-ied wel-ite For *he Jpilts that were delydratad are <
as follows.
Fresh ﬁehgd:émed
Larbert Cherries 10,58 2,018
Vo el trme Clerrios 1,520 57
‘gntmorenc;” Cherriaen 11,971 1,742
“arshall “travherrisn 0,742 o
PRELAT Y G DRIVDREATTON PEOCEDE
Txawination of the cherries and berrles prepored lsst jear sugpested
the eliminstion not only of many of the prebreoatments that were used but
aleo the confining of allsrts 4o tivee varietlies ol eherriss and to one
instosd of seversl kinds wnd varleiles of berrieg. To provide & clear
- urnder-trnding of the tieatmente secorded the different fralts each will
) be discuszs=ad seyarsie .
Marahell Sivawberries:
To obtain sufiiclent strewberries of suitable quality without ssricusly
interfering with the nerasl canning operations of the coopersting plant,
it wes neces sry to obtzin the [ruits from two dirferent areas, Part of
hese wer: gruwn nerr “slew, Oregon, where they were deb drated, but the

ranainder was ! ransported from Orechem, Oregon. Considerable veriation in
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+he berries from the two arcas was observed. As pointed out in previous
reports, this may have been due mostiy to a difference in moisture con-
ditions during harvesting.

Preparation of the strawberrics for sulfuring and dehydration was
accom.lished at the Producers Cooperctive Cannery, Salem, Oiegon,.whare
the wasting and sorting were Jone by running the berries over the regular
line ured for other strewberries processed in the plant. The washed and
sorted fruits wer: taken [rom the picking belt and spresd upon wood slat
trays. The tra s were then slocked on cars and run into & sulfur chamber
wiers they werc - xposed to sulfur dioxide for one hour, Blanching of the
fruits prior to sulfuring wes not practised. The sulfur chamber was
constructed of .l wood sheete, and wss larye enough to accomnodate
approximately oﬁe-ton of berries or five csrs of trays at one time. The
sulfur dioxide grs was obtzined from a c¢rlinder. By weighing the amounts
used and by measuring the svlfur dioxide concentration of the atmosghere
within the chamber, it w:s possible to ottain fairly uniform sulfuring.
An electric Izn inside the chamber wus emplo ed to obtain more even
distributionr of the gas. A portion of ths strawberries as contrcls was
dehydrated without sulluring.

Dehydration was effected in Paulus Brothers tunnel dehydrztor at
Salem, with the strawberries spread by hand on wood trevs thet were
stacked on cars. 4 dry bulb tawmperature of 145=150° 5. and a wet bulb
terperature of 90-92° F. were maintsined. Drying required from 26 to 28
hours with an air velocity of 300 linear feet per minute. Recause the

dehydrated strewberries adhered tiphtly to the trays they

W

were very alffi-

cult to remove. Huch scraping with metal serapersw s necesscry torenmove

them. The berries also badly stzined the wood trays. Because these




staing were almost impossible to remove, some other tra. material than
wood seems to be Indiczted. At least, if wood trays must be used, they
should be coated with a neutrsl nineral oll to prevent undue sticking
of the fruits.

Determinations, made lat r, on the dehyd:uted strawberries showed
they contained a,proximately 6.5¢ moisturc and the averare drying ratio
wee epproximately twelve to one. The finished product was stored in five
zallon friction-top tin cens and transport d to the Food Industries
laboratories at Corvallis, Or-yon.

faeh lot of dehydratéd cherries was then emptied from the canz a&nd
all the herri=s o & particular lot were thoroughly mixed bafore they
were placed again into s aied cans, Fach lot wso divided into two
portions; one part was keyt in storage at room tempersture snd the other
was held at 950 Fe Sulfur dioxide detcrminations were made on thece
et about mont ly intervals.

Three to four pounds of strewberries, representing about 800 pounds
of frosh fruits, were tuken from the picking belt for meisiure, soluble
sclids, s ascorble ccli det-rmnutions. The soluble sclids versied
6,45 and 9,5¢ for strawberries from the two different localities, The
moistures of the same fresh lots averaced 93.,3% and 90.4%. The sulfur
dioxide remalning sfter dehydrating was 31 and 896 ppm. ruaﬁactively.
The results of ascorbic acld det rminztions are included elsewhsre in
this report, as are tiiose of other exyerimenta with the dehydrsted straw-
berriecs.

The strawberrics were deliydrated during the period from June 21

tO 23, 194&.




Cherrics:

Cherriss for dehydreticn vere obtained at “alem, Orepon, from Kelley-
Farquhar Compan, and the ¥Willsmette Cherry Crowers' Associastion, Faulus
Brotiers' tunnel dehydritor wez agaln used, with the operstions belng
carried on frum June 14, to 21, 1944.

Washed end ;itted cherries wers br u Lt to the dehydration plent in
buckets. After draining off mozt of the froe Julce, the frults were
spresd on the metal bel? of a contlnuous blancher which cerried them
through stoen st LoO¥--205° ey @Xposing the fruit5 for about seven
minutes. The hand-trsa ed I'ruits were stacked 22 treys per esr, and the
cars of fruit were run into the dehydrator or {irst exposed for one hour
to sullur dioxide 1f the particular lot required suiluring. “ince
tontmoreney cherries collapsed bmily snd lost too much scluble materisls
if blanche!, there rere given no pretreatment excejpt suliuring.

Wet and dry bulb igmperxturwa ware maintzined at about 90-92° P,
snd 145-150" F. respactively. The drying tine varied scmewhat with the
tray losd, the rumber of curs per tunnel, end the variety of cherries
but ranied from 18 to 27 houwrs., lUnblanched and unsulfured cherrics
required somewivit longer time {or denydration.

Blanched charries, particularly if the trays ware not wasred after
having bwen used for cherriss, ssr rsther difficult to remove. The
unblenched fruits, we found wyon anaiysis, did not absorb as much sulfur
divxide nor Jdild they retsin it as well as the blunched fruits. Blanching

&lso lmparted s translucenc; to the cherries wrieh wa» not present in

either the control or the unblenched but sulflured lots.
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Samples of fresh pitted cherries, one for each ton of pitted Lambert
and Ro,al Anne and one for each two tons of Montmorency cherrics were
taken for determining molsture and scluble sclid contents. These gave

averaes as follows:

Variety < Soluble Solids # ¢ Molisture
Lambert, 18.9 78,0
) Foyal Anne 16.0 80.8
Hontmorenecy | 14.8 83.2

#The figures on total moisture, however, must be regarded as only
approximate due to the separatiocn of the Jjuice from the pitted clerries
wirich made difficult the obtairin: of a representative sauple.

As in the case of the strawberries, all the dehydrated cherries

- were removed from the trays and stored in five gsllon frietion top tin

cans., These were then transported to the Food Industries labcratories
where the cans of each lot were mixed and repacked after divislon into
two portions. One of these was kept stored at room temper:ztures while
the remainder was stored at 95° F.

Later most of both portions were washed and steamed to remove dirt,
small pleces of tray materisl, and to make the cherries more pliable by
removing dried syrup and edding moisture. A large shipment of cherries
8o truated was sent to the Quartermaster “ubsistence Laboratory, Chicago,

- Illinois, |

EXPFRIMENTAL PROCEDUIES

Sulfur Dioxide Losses:

Frequent determinations throuchout last year were again made of the

sulfur dioxide content of cherries and strawberries stored at room
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terperatures and tho-e held at 95° F, All samples were kept elther in
screw cap glass jors or friction top metal cans. The first determinations
were made soon after dehydration and then at approximately monthly
intervels for a periocd of 10 months. Table III siiows the parts per million
of suifur dioxide remaining at each determination and gives the final

per cent of loss based on the concentration obtained for the first

det rmination. All concentrstions are calculsted or the moisture-free

basis.




Parts Per ¥illion of Sulfur Dioxide in Dehydrated Cherries and “trawberries
and Par Cent Losses During Ten Honth Period

Table III

Variety and “torage After e lonths o FMinal %
Pretreatment Temperature Dehydration 1 2 3 4 6 8 10 Locsa
o
Royal Anne _
Room 1333 1071 983 974 26,93
Sulfured 957¢ 1333 673 40C 275 139 77 39 37.G7
“lanched and Rcom 2390 2170 2080 2120 11.30
Sul fured 950F 2390 1694 1295 840 581 262 150 93.72
Lambert
Room 1158 1175 1096 753 3%.97
Sulfured 95%%F 1158 498 391 142 130 62 39 96.63
rlanched and Roow: 1952 2100 2150 1945 0.36
Sulfured 95°F 1952 1580 1275 /08 597 443 184 90457
Hontmorency
Room 278 208 240 179 35.61
Sulfured 95°F 278 96 72 31 37 s} 22 92.09
Marshsll
Sulfured
Lot 2
Room 631 599 568 446 465 429 340 383 39.30
95%F 482 75 277 207 186 190 117 31.46
Lot 3 ,
Room 596 906 628 726 555 350 655 570 36,38
95°F 602 462 297 188 155 75 91.63




A study of Table III and anal;sis of our results show;

- 1. Fruits which are blanched before sulfuring not only absorb
alrmost twice as much sulfur dioxide but retain more of it in
storage than in the sulfured but unblanched meterial.

2. Elevating temperztures greail; accelerstes the losses of sulfur
dioxide.

. 3. A large per cent of the losses of sulfur dioxlide occurs during
the first three to four rionths of storsce at 95°F. At room
temperztures the losses steadily increase in storape but even
at the end of eight and ten months significant amounts remain,

4Le Fruits stored under tropical copditiona after eight to ten months
retained too little sulfur dioxide for their adequate protectioh
and preservation.

5. High temperatures within a few months greatly impair the color
of dehydrzted cherries and in ten months time mske them unattrac-
tive although not necessaril; useless as food. While the bright
red of sirewberries is chanpged to a less attractive color, the
transformation is much slower than in cherries.

In connection with the color developed in cherries which have been
stored at QSOF. it can be sald of those carried over from last year that
continued high temperstures produce fruits not only black in color but
the flavor is grostly impaired. A burned or caramelized flavor develops,
and the cherries are rendered unpalatsble.

We did not attempt to determine what occurs when sulfur dioxide 1is
lost. Since we had no really effective method (other than storare at

low temperatures) of retaining this preservative msterial (QOQ) some

means of replacing what was lost seemed a logicel alternative.
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Resuliuring ixperiments:

If a rapld #nd practical meens of reimpre,sating cherries with sulfur
dioride could be developed, we remsoned, ihen perheps the frults night
be procesred ao thnt they would errive st the army kitchen with a satis-
faetory esulfup dioxide concentration. Tesul furing b exposing the deh -
dréted cherries, containin, six to elght per cent moisture, to the fumes of
burnin; sulfur, wo hal trisd without grea ly increasing the amount of
absorbrd sulfur dicxdde. Duriny tide  ear we experimented with what we
call a vacuwm replacoment method. Thin effectively ralser the concentra=-
tions of auliur dioxide to levele whioch are recarded s2 adequate. The
method utliilzes both "»et and molstur: Yor increasing the absorption of
the nuz.

sdontmorency cherries, because they oripinally absorbed much less
sulfur dioxide than either Ko &l funes or Lamberte, were used for this
teste. A numbay of varilstions in the experimental methods were tried.
Three hundred {ifty grime of the differ:-ntly tres‘ed cherries were placed
into desicestors which rers evacuszted to give 8 vacuum of 27 inches.
The vacumm wae replaced with aulfur dioxide from a e linder until the
ronometer repivtered zero., The gus wsr then retained for difzbront
intervels of tire, Comperisong were rede botween cnerrios which were
pressure-cooked and those wnich were stesm-blanched. Finally t#sts were
node with no cooking and vacuum replecement snd cooking with no vacuum
reslecenent.

Yxaminaetlon of Tablas IV snd ¥ sesmsto show that sbsorption of

suliur dioxide incrvegses ¢2 e per cent of nol ture in the fruit increzses,
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Prolonging the exposure to the gas appears to promote absorption but

seems not to exert an effect thet is proportional to the exposure time.

Table IV

Pesults of Resulfuring Ixperiments

Treatment ‘ % Holsture #lnutes Exposure ppme 50,

to 302

Pressu e cook 5 minutes

27 inches vecuum 1243 0,25 .71

. 1844 0.50 866

" 18,7 1.00 1153

" 18.7 1.50 1448

" 19.3 2.00 1428

" 23.3 3.00 3475

" 18.9 3.00 1774

" 17.5 5.00 2281

" 18.¢ 10,00 3800

Control ' 12.1 - —
Pressure cook 5 minutes

o vacuum 19.1 0.25 350

" 19.2 0.50 335

" 19.2 1,00 T

" 18.5 1.50 1020

" 19.2 2.00 1005

» 18,2 3.00 1274

" 18.7 ' 5.00 2444

" 18.9 10.00 3132

" 234 3.00 2820
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Table IV (continued)

Treatment 4 Moisture Vinutes Exposure ppm. S0,
to &0
P
Yo cook but
27 inches vacuum 12.1 3.00 411
" 13.6 3.00 683
n 12.1 5.00 g1s
n 12.1 7.00 844
" 12,1 9.00 912
lone 13.9 — —
Fressure cook 5 minutes
vacuum 27 inches 21.2 3.00 2815
Pressure cook 10 minutes
vacuum 27 inches 22.1 3.00 3460
Pressure cook 15 minutes
vacuum 27 incies 22,9 3.00 5450
Pressure cook 5 minutes
no vacuum 23.4 3.00 2820
No cook but
27 inches vacuum 13.6 3.00 683
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Table V

Montmo:ency Cherries Resulfured by Vacuum
l'eplacement -gthod

Steam Blanch 4 Moisture ¥inutes Exposure ppr. SO,
- in Seconds to 30,
15 14.5 3 1562
30 15.9 3 2560
45 17.4 3 2660
60 19.1 ' 3 3275
15 15.4 5 2140
30 16,7 5 2705
' 45 18.4 5 3490
50 19.3 5 4250
0 13.5

A vecuum of 27 inchas was used.
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Adeguate amounts of sulfur dioxide can be added without vacuum
replscement 1f elther the length of the pressure cook or the time of
exgosure to the gas is increased. Prolonging the cooking time injures -
the color of the fruit and incrzasing the exposure time will grestly
slow down operstions. Our rosults ‘ndicate that blanching the cherries
30 te 60 saconis and gazsing under a vacuum of 27 inches will pgive elfec-
. tive concentrations of from 2000 to 3000 pm. 02 sulfur dioxide. While
geod rosulis may be obtalned b pressure cooking and vacuum replacaﬁent,
1t accomylishes, with the erce,tion of some tenderi:zing of the fruits,
no better results that the stcam blanch and would require more complicated
and eéxpensive soulpment. Because ol the rather high molsture content
neces:=ary for sdequate resulfuring wiihout benefit or vacuum, omission
g of the vacuum seems practicable onliy Lf one incrcases the exposurs time
to &  oint where it may prove unprofitable. On the other hand, vacuum
aquipment is costly and may be difiicult to obtain. Certainly, epplica-
tion of the vacuum replacement method would need to be made at processing.
plants far removed from the army field kitchens. I frults were heavily
resul fured in this manner before shipment to the tropics, the; should
arrive with more sulfur dioxide than if given the usual hendling. Vacuum
replecement offers an effective and rapid means oi increasing the sulfur :

dioxide content of deh,drated cherries.

Storare Ixperiments:

Throughout the year both the three lots of Marshall strawberries
and the three varieties of cherries were stored, a part of them at room
temperatures and the remainder at 95°F, The influence of temperature

has alrcady been mentioned in connection with the losses of sulfur dioxide.

At 95°F, all the cherries darkened to a marked degree until after eleven
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or t+elve months! storage--the red of tne dontmorency cherries had turned

Lacost blsck. Ab room Lo pevoiores the golor chaugewss very slow, the
nstursl colors ol the dehyurated aerisks ressicier quite ell es long
&8 an g, vreciable L fur dloxide vwo# Jrasent, The control ssmplen,

@vsn abl room tewperrfutaen, dirrened voncldersbiy. The esting quality of
all the excessive.y decrensd ruite woo groetly lopalr do The w’orat.

By euring clerries  otsesset & charved or caramelized taile v iloh nade
ther more or less bliter. filon tesperctuwres do not srodoce an lntosoe
eolor chances in strsvierriss a= ragldl. as is true of cherriss, but
conridershble da kening was noted in ihe rarples ~tored at 5570, Txcept
ror Lot Gﬂe, widon was not o liured, there was ver Llittle durxening at
room tenp8raturas, Tnn e nting qualiss of sulfured striwbarries kept at
room Semperitures remsined guile good, but the Ll lar temperatureresulted

in a narked delerioration In Lne esting qualities.

Yitunin ¢ Detention:

fyar results of snalysis of totel vitemin C on straewberrics were
disg, sointing 1o thar with the filters we have ‘or our electrophotometer
we vers unable to detersine the itamin due to interflering uvigments,
Anal sig for asenrbic scid by the 2=t dichloroyshenol-irndoyhencl method
failed to glve any nivnificant quantity of the vitamin. Tt L=, lowever,
quite sossible that thers nay be present in cherries a preciable smounta
of the bicleiically active dehydro-sscorbic acld, which we wers unable to
determine.

Jur assays eiree wilh tiooe ol other worsers whdeh show that fresh

strewbe:rics sre & good rourcs ofF vi‘emin (. ¥e found thet ¢ nriderable

amount# of ascorbic acid # e rets nsd in dehydr: ted rtravberries, provided




they are pretreated with sulfur dioxide. Naturally, compared with fresh
berries, the retention in the dehydrated product is often only 50 or 60
per cent of the original. The amount remaining in the dehydrated
material also may be further reduced by careless handling. Regardless
of the metiiod of pretreatment, the quantity of this vitemin, which is
retained even at room temperature storage, drops steadily. When the

fruits are subjected to tro.icel temperstures, the amount of Vitamin C

that remains is grezatly reducede.




Table VI

Milligrams of Ascorblc Acid Per 100 Grams in Fresh, Dehydrzted and
Stored Dehydrated Marshall Strawberries

Pretrestment Storaie Y'resh Freshl After tonth's Storage Per Cent  Fer Cert
Temperatures Frult Dehydrated 12 3 4 5 6 7 8 10 12 Retaired Fetaine
' Based on Based m

Dehydrated Fresh

Product Fruit

None Roowm 752 92 85 61 67 61 59 67 — 51 27 47 51.09 6.25
| 95°F 752 92 85 49 46 41 36 49 — 43 M 43 46.73 5.72
Sulfured 1 hr. Foom 752 308 284 224 210 207 190 184 - 150 132 140  45.45  18.62
Lot 1 95°F 752 308 284 127 70 49 39 50 — 32 48 46 14.93 6.12
Sulfured 1 hr. Room 601 325 306 295 237 229 224 229 - 216 174 161  49.54  26.79

Lot 2 950 601 325 306 159 96 43 47 49 -— 3% 31 25 7.69 4.16
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Study of the above table shows that:

1. High temperatures accelerate the losses of Vitamin C during
storage from unsulfured strawberries but not as much as those
from sulfured fruits.

2. The initial applications of sulfur dioxide gave no increase

-in the per cent of ascorbic acid retention when the berries
were stored at high temperatures.

3. Sulfured dehdrated strawberries when stored at room tempera-
tures retained three to four times as much Vitamin C as un-
sulfured fruits.

Comparisong of ascorbic acid retention in strawberries and the
retention of sulfur dioxide in the same lots of berries, as the accom=—
panying graph (Figure 1) illustrates, siow that the higher the amounts
of Vitamin C retained, the grester are the quantities of sulfur dioxide
retained. OQur tests indicate last j;ear's strawberries contained more
milligrams of ascorbic acid per 100 grams of fresh fruit than was true
this year, but losses of the vitamin in storage followed essentially
the same trends both years,

It appears from our results that unless dehydrated strawberries
which are to be shipped to the tropics are used within three or four
months after being subjected to high temperatures (something that
appears impossible) then it is useless to pretreat with sulfur dioxide,
for Vitamin C retention. Too much of the initial concentration of
ascorbic acid is lost during dehydration so that practically none remains
when the food is utilized. Of course, where ciors.e conditions are

much more favorable, sulfur dioxide should prevent some of the losses of

Vitamin C.
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Rehydration and Utiligetion Tests:

Holding to the theory that high moisture contents in dehydrated
foods favor chemical decomgosition, our orlginal purpose was to reduce
molstures to as low levels as were consistent with the methods we
employed. These in scme cases mizht be as low as five or six per cent,
Our e xperiments in the rehydraticn of the fruits, particularly of
NMontmorency cherries, have sugrested ihat perhaps these low molstures
are not desirable. We have found that the higher moisture levels
facilit:te thevreconstitution of the fruits.

While satisfactory rehydratiorn was achleved with struawberries
which were made into preserves, ln no case vere we able to obtain perfect
rehydration with cherri-s. For pies and sauce Lamberts and Roal Annes
refreshed to yield a fairly satisfactory product but most of the samples
of lontmorency cherries remasined tough and rore or less shrivelad. The
deh;dration procedure toughens the skin and makes difficult the penetra-
tion of water and sugsr. To obtain a tenderized product from cherries
pressure cooking the fruits five to ten minutes at 227° F. or else
simmering slowly for 30 minutes or more appears necesssry. Lengthy pres-
sure cooking or processing at higher temperatures results in derkening
of the colors of the fruits. However, some sort of precooking is needed
to tenderize the dehydrated cherries when preserves are made of them.
Because of the tough skins, putting the cherries through some kind of
food chopper, is necessary. Even then precooking is desirable. The
chopping permits the sugar to come into riore intimate contact with the

fruits. Montmorency cherries, we found, after having been cooked

until tender and appearing quite plump upon rehydration, shriveled
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extensively upon the addition of sugar. The skina of the fruite, acting
more or less as a differentiel membrene, prevent any rapid absorption
of sugar, in the case of strawberry preserves, this results in pro-
nounced shriveling of the fruits, which, although immersed in an exces-
sively sweel syruy, remain sour and tough and the final product is not
a satisfactory preserve.

ifontmorency cherries, if utiliged in ples or in such desserts
where the fruits themselves are not too evident, should find application.
Their rehydfaéed appearance is not at all pleasing so that for lack of
eye appeal, it is doubtful if the men in the army would eat them. Unless
Yontmorency cherries ~re chopped beilore being made intc jam or preserves,
they will not meke ar attractive produét. The sweet varieties, we
found, are much more suitable for preserves. Royal Annes, especially,
yvield en attractive preserve which is at the same time of good quality.

Excellent preserves, possessing a beautiful natural color and good
flavor, have been prepared from dehydrated strawberries which have been
given a pretreatment with sulfur dioxide. Slow boliling of the berries
for about 30 minutes before adding sugar is necessary to insure proper
rehydration. This also aids in the removal of excess sulfur dioxide
when it 1s present. Soaking the berries i warm water before coocking
does not seem to hasten the rehydration process to any greet degree. We
have found that the sddition of citric acid at the beginning of the
cooking period improves both the color and the {lavor of the finished
product. Cooking with a ti; ht cover on the kettle also aids in color
retention. Upon adding sugar, the cooking should proceed slowly for
a short time to permit better penetration of the sugar into the berriea.

Following this, rapid boiling to the end point is possible without undue

destruction of the red colore.
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Fruit Bars from Dehvdrated Cherriess

The preparation of a fruit bar, using és one of the principal
ingredient= dehydrated Montmorency cherries, seemed to offer a useful
means of utilization of a product w.ich does not lend itself very well
to the making of sauce, pies, or preserves. In ccmpounding any fruit
bar it was necessary to keep in mind thet tc be suitable for inclusion
in the army emergency rations,the bar must posses= (1) high food vslue,
(2) an appetizing a, earance, (3) good flavor, (4) low moisture content,
(5) low sugar concentration, and (6) & high degree of resistance against
attacks by microorganisms and insects.

The experiments in compounding a fruit bar which would satisfactorily
meet all tlece suecifications have included many tests in wiich different
kinde of ingredients were mixed in varying proportions. We have tried
to utilize as large a percentage of Montmorency cherries as possible.
This has been diflicult because to compensate for their rather high
acidity it has been necessary to aid other materials to improve the
palatability of the final product. The lack of body in these cherries,
furthermore, requires the inclusio of such ingredients as sugars,
molesses, and other frults.

In attempting the compounding of & fruit bar high in food vaiues,
vwe mixed all ingredients after taking into consideration the nutritional
values of cherries as stown by the work of other investigators. We
did not attempt complete analysis to determine the food values of sweet
and scur cherries. The date we were able to find indicates these
cherries compare favorably in nutritional values with other dehydrated

fruits. Cherries possess a c mparstively high caloric value and the

calcium, iron, and thiamine chloride values seem to be adesuate.




Probably there is & deficiency in ascorbic acid and certuinly these
fruits lack vitamin p. Because the addition of dehydrated apricots
will improve the vitamin A content and at the same time will provide
goodly amounts of the other necessary nutriticnal ingredlents, these
have been us=d in our recipe for meking cherry bars., We even added
powdered dehydrated squash and carrots to increase the vitamin A content,
The immediate results were a bar of [air paletability but upon storage
at 95° I thelr eating qualities deteriora‘ed to the extent thet we do
not recommend the inclusion of these vei etable materials.

#olasses, we found, adds considerably to the food value of the
bar. Honey, corn syrup, and naple syrup all contribute in the same
way, and besides these gre tly improve the flavor char:cteristics. By
substitution of molasses, which is high in calclumn, we believe, it is
possible to leave out figs, a frulit wiich some persons find undesirable.
Bars in which the above mentiined sweetening a;ents were used were
stored at 95° ¥, and at room temperstures to study their retention of
moisture &nd cquality charzcteristics. These have seen in storace about

three months. C(umposite results of examinations by six persons are

shown in Table VII.
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Table VII

Results of Color, Quality, and Flavor 7«sts on Truit Bars

Qpecial faterlals Storage Color Quality and
idded to Bar Temperaiure Flavor
Yaple syrup Room Red Fair to good
95" Dark red Poor to fair
lfolagses Roon Quite dark red Fair to good
950 Very dark brown lostly poor
None Room Dark red brown off flavor
95°F Dark brown 0ff flavor
Sodium alginate Room Dark red brown Poor flavor
95°F Dark brown Very poor flavor
“odium alginate and
avenex Foom Derk red brown Poor flavor
959 Dark brown Very poor flavor
Gelatin and avenex Room ———
95%p Brown Poor flavor
bger as binder Toom Bright red Good flavor
surface oxidigzed (best of lot)
95°p “lichtly darker Fsir tc good
red flavor
Squash Room B
959 Fed color, Taste of sceasdi
surface darker not desirable
Cerrot Hoom SO
959F hed color, Bitier, not

surface dsrker

acceptable




Any of the above fruit bars wiich w re in storage three or more
nonths were decidedly inferior to a bar which was made about a month
ago. The latter was charescterized by a freshness of flavor and color
that one did not find in &nv of the stored samples. This limited test
seems to sbow that profound deteriorestive changes occur even at room
temperature. At high temperstures the changes are so rapid that the
bars soon beccme undesirable as food. Also, most of the ingredients
added to the standerd formula produced a bar with no improved charac—
teristics or one wiich was inferior.

In preparing & frult hzr wiich would possess & distinctly tart
flavor there was danger in meking the product too acid for most palates.
After numerous trials and a8 final alteration of the recipe first
reported, we have compounded a product, wiich it is believed, has desir-

able characteristics., It was prepared by use of the followlng [ormulas

o ¥ moisture 4 dry
by welight of ingredients material

Sweet cherries (Lambert) 38.0 5e2 31.0
Jour cherries
{#ontmorency ) 19.0 5.95 15.2
Raisins
(Thompson Seedless grapes) 9.5 6.85 7.5
Apricots 13.3 15.45 9.6
Argo% 19.2 3.05 1507
Salt (Leslie iodigzed) 0.5 0.5

Vanilia (Schilling) 0.25 0.25
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. 1 % moisture % dry
by veight of ingredients material

711 (Standard white

petroleum oil # 9) 0.125 0.125
rarafiin (rarowax) 0.125 —_— 0.125
160,000 700 80.000
i ¥Water added to raise
moisture level of finished
- var to 209 13.00
' 20.00
¥Chemical analyses made on samples of a bar containing two per cent more
sweel cherries, one per cent meore sour cherrics, 0.5 per cent nore
raisins but 0.7 per cent more apricots snd 4.2 per cent less argose
than our final r ecipe, snowed the following:
' Thiamin (Vitanin Hl): 0.231 mg. per 1OC crams
. #thscorbie acid (Vitam r €) 15,20 ¢ wooon "
##Crude carotene (7itamin A) 3,40 " noon "
Asin
Fruit bar 2.15 per cent
Lambart cherries 1,58 v w
sontmorency cherries 2,62 v »
Calories:
Fruit bar | 364 per 100 grans
) Lambert cherrios 366 noon "

Yontmorency cherries 355 rtoon "
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#These analyses were made upon our original bar before the formula
was altered to reduce the total acidity.

. ##Difficulties in obtaining satisfactory extractions resulted in
plgmented solutions upon which it was hardly possible to make satis-
factory determinations. Therefore, the carotene value should be
regarded as a maximum figure,

Comparison of Wrapping Materials for Fruit Bars:

Sixteen days storage of fruit bars at 80°F., with constantly
circulating air, indicated that pliofilm retains the larpest amount of
moisture, and is followed by glassine paper, waxed paper, and cellophane
in the order named. However, the difference between the highest and lowest
moisture retention was only one per cent. Pliofilm lost 2.2 per cent,
glassine lost 2.3 per cent, wax paper lost 3.0 per cent, and cellophane
lost 3.5 per cent moisture. All bars were enclosed in only one layer of
the respective wrappings.

Efficiency of Certein Types of Packaging Materials:

Last year partial results were reported on the efficlency of
several types of packaging material with and without wax coatings.
Dehydrated cherries encleos:d in these different packages, were held
during a period of more than a year at room tempsratures and under
tropical conditions of temperature and humidity.

Hardboard packajes with a gross weight of over 16,000 grams were

coat=d by dipping into melted P-160 Darex Thermoplastic wax. Small

fiberboerd boxes #nd pressed bricks of cherries wragped in cellophane
were prepared, part of these were left uncosted and the remainder

were digped into @ non-thermoplastic wax. Difficulty was encountered

in handling these and in obtaining an even costing without redipping

and u-ing excessive amounts of the wax. It was necessary to protect
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the contents of the unwaxed packases against attacks by meal moth. To
do this the packares were confined in friction top tin cans. Therefore,
on these the loss or gain in weipht was not the same as would have been
the case if the samples had been exposed to the stmos. here at room

temperatures, A tabulated summary of the findings is as shown in Table VIII.

Table VIII

Per Cent Gain in Veight of Different Packages

Stored Under Tropical Conditions:

MBAT=-130 Frapped Fiberboard Hardbeard dipped
Cellophane  2-3lb. 24=31b, in p-16C Darex
Undipped Dipped in wax Undipped Dipyed in wax Thermoplastic Wax
20=-30 1b,
64273 1.027 xx 0.132 0.557
2,847  1.042 4032 0.482
10.370 0.767 2,28 04453
4o4R25 0.552 1.440
5,900 0.546 1.540
64273 0.619 1.690
5.556 0,676 0.715
2.641 0.748 0,982
#5,536 0,751
0,893
0.833
0.993

0,787
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Stored at Room Temperatures:

2.96 0.683 1.490 0.0162
3.97 04565 0.211 0.0173
3.67 0.624 0.85 0.2033
0.0102
045320
. 0.0619
0.1299

0.1

#Avera: es are underlined

xxPackayes rapidl, absorbed up to 22% molsture and molded badly.

While in seversl instances the above results are bas:d upon too
few packages of the better t pes of packaring materials, enough tests
were run to offer conclusive da a. The results seem to show that;

1. #¥SAT=-130 cellophane, unprotected by a wax dip permitted
considerable absorption of molsture when exposed to tropical
temperstures and humidities. Even at room temperatures the
per cent. of absorption was more than half that at high tempera-
tures,

2. MSpT=-130 cellophane which was ccsted heavily with a non-
thermoplastic wex absorbed less than one per cent moisture.
Little difference w:s found between the packapes stored at
room temperaiures and ticse kept under tro,ical conditions,

3. Ordinary fiberboard packapes such &s used for frozen foods,

while satisfactory under room temperature conditions, were

worthless under tropical c.nditions since, the cherries after
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1, Montmorency cherries;

A. Tresh Fruit Costs:

(ross weight, fresh frult —— 14,123 pounds
Losses, charged back 6.63%

pits to grower 9.00

shrinkage 0.89
Total losses 15,529

100,00~15.52=84.48% pitted cherries
14,123 x 0.8448 = 11,931 pounds of pitted cherries
11,931 x $0.12 = §1431.72 Total cost of fruit

B. Labor Cost of pitting, etc. (sssumed b Cooperative

Aasociationy-
Wasiiing, sorting and\pitting\$0.0109l ¢ 130.16
Overhesd .005 _59.66
Total ¢ 189.82
@+ L' 11931 1bs. pitted at $0.12 1431.72
Cost of preparation 189,82
Total returns to grower or cooperative £1241.90

This, on the basis of 13,187 pounds of fresh cherries after
culls are charged ba:k tc the grower, equals £0.09418 per pound of

fresh fruit.

C. Cost of Dehydrating Pitted Cherries:

1. Cost of labor for tunnel drying, for
firing boiler, fuel (440 gallons of
oil at $0.0218) $ 115,00
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2. Labor of traring, sulfuring, packaging,

etc. (240 hours at $0.85) $ 204.00 el
3. Washing, resulfuring and packaging R ik
(144 hours at §0.85) 122.40 X %
851
4e Overheed, e:timsted zt $0.025 per pound ¢0A/ i
dehydrated fruit 4925 ‘{ﬂqg)
. ¢
Totel dehydration costs $ 490.65
D. Total Cost of Preparing Dehydrzted Montmorency Cherries: $iVAQ,JFKW
Lt
1. 11,931 pounds fresh pitted at £0.12 81431.72 /‘Aﬁ/\%ﬁif,?
R R
2. Dehydrution corts 490.65
Total £1922.37

The dehydrated frults after washing and processing by steaming

o

weighed 1970 pounds end contained approximately<3ffﬁﬁiifturejgiving

a drying ratio of €.05:1, pitted basis.

The per pound cost $1922.37 = $0.9/58 per pound.
1970

ITI. Lambert Cherries:

&. Presh Fruit Costs:

Gross weight fresh fruit -- 12,063 pounds

Losses, charged backs

Pitting 7.81%

Culls 3.60

Shrinkaje l.92
Total losses 13.334

100.00 ~ 13133 = 86.679 pitted cherries

12,063 x 0.86¢7 = 10,455 pounds pitted cherries

10,455 x §0.16 = §1672.80 total co~t of fresh fruit




B. Labor Cost of pitting etc. (assumed by cooperative)

1. Labor cost per pitted pound $0.01698
2. lachine rent per pitted pound 0.01100

3. 0Overhead " " " 0,00500

$ 177.52
115.00

52,27

Total preparation costs 0.03298
10,455 pounds fresh pitted at $0.16

Preparation coste (assuned by cooperative)

§ 344.79
$1672.80
4479
$1320,01

On a basis of 11,629 prunds of fresh cherries after culls were

deducted and chargzed back to the grower the returns egual $0.1142 per

pounde

C.

D.

Cosi, of Dehydrating Pitted Cherries:

1. Labor co~t of tunnel drylng, firing
boiler, fuel (440 gallons oil at $0.0318)

etce. % 115,00
2. Labor cost for traying, blanching,
sulfuring, packing, etc. (240 hours
at $0.85) 204,00 ok
4 anled
3. Overhead, e-timated at $0.025 per '
dehydrzted pound 50.45 ,
AT S b
Total $ 369.45 4" )
Tntal Cost of Preparing Dehydrated Lembert Cherries: M ’
1. 10,455 pounds fresh pitted fruit at $0.16 §1672.80
2. Total dehydration cost 369445

Total cost

$2042.25




The dehydrated Lambert cherries weighed 2018 pounds with a .
moisture content of approximatelw/é.é%,“giving a drying ratic of
\\\/""./
5018 3 1, pitted basia,

The per pound cost $2042.25 = §1.012
2018

IIT. Royal Anne Cherries;

A. Fresh Fruit Costs:

Gross weight fresh fruit -- 2000 pounds

Losses, charsed back:

Pitting 7.50%
Shrinkage 16.50

Total 24,.00%
100.00 - 24.00 = 764
2000 x 0,76 = 1520 pounds pitted fruit
‘ 1520 x £0.12 = $182.40

B. Cost of Prepsring Pitted Royal Anne Cherries:

Cost of stemming, pitting and sorting ¢ 23.18
Overhead, 10% 2.32
Total $ 25.50

C. Cost of Dehydrating Pitted Royal Anne Cherries:

l. Labor cost ol tunnel drying, firing ’L”?UW4quﬂf“

ABE
\

A

s

boiler, fuel (147 gallons oil at $0.03185)
etc. $ 38.33
2. Labor of traying, blanching, sulfuring,
packing, etc. 20 hours at $0.85 68.00
3. Overhead, estimated at $0.025 per pound
dehydrated 6.33 1
"‘"“:‘ (B
{éq{’?’k a7 {
]

Total $ 112,

A

71
L
5 VLV",
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D. Totsl Costs of Preparing Dehydrated Eoyal Anne Cherries:
Cost of fresh sittod cherries $ 182,40
Cost. of prepsring fruit 25.50
Dehydrotion cowt 112,66
Total cost of dehydrzted cherries ¢ 320,56
t 1520 pounde of fresh pit+ed cherries dried te 253 pounds, giving , “
- & drying ratio of 6:1, pitted hasis. , . _g‘\l"‘;)\@\j
The per pound co-t 820,56 = €1.267 A :f;"’;l“wrm'
253
The per pound cost ie undoubtedly exorbitantly high because of
the inefficiencies incident to dehydrating a small lot in a plant
geered to large 8. ele production.
IV. Marshsll “trewberriesg
Ao Fresh I'rult Corts
4UC0 pounds at 50,208 % 820,00
5742 pounds st 0,20 1148.40
9742 pounds {rest welght £1968.40
Be Properstion Covts
Yashing, soriing, treyin:, ete.
166 houre at $0.725 A & 120.3%
Ce Dehydration Cost and packacings
Labor of twe men tor sulfuring snd tunnel
i drying 3 25.00
Labor for drying, screping trays, 36 hours
at £0.25 30.60
Fuel oil (1024 galions ot $0.G3185) 32,61
"otal cnste $ 88,21 .7 . ek i
A Aeges ';
: o1 %[0y £l
O SR/
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D. Total Cost of Preparing Dehydrated Strawberries:

Cost of fresh frult $1968.40
Cost of preparation 120,35
Dehydration cost 88.21

Total $2176.96

9742 pounds of strawberries dried to 798 pounds of approximately

6.5% molsture, giving a dr;ing ratio of 12.,2:1.

A

The per pound cost (dehydrated basis) $2176.96 = $2.728. This
79

figure, however, does not t:ke into account overhead, cans, taxes, etc.

1.

2.

3.

5.

Summary and Conclusions

Oregon and the Pacific Northwest produce sufficient cherries and
berrics to warrant dehydr:tion of considerable tonnages of these
fruits.

Satisfactor; commercial dehydrstion procedures and techniques
have been developed for cher:ries and berries.

Blanching, wiile of benefit in alding in the retention of suliur
dioxide, is detrimental to the appearance and nutritive qualities
of dehydrated lontmorency cherries.

Lossses of sulfur dioxide occur at room temperatures but much more
slowly than at elevated temperatures. Mot of these losses occur
during the first few months of storeie.

Color and flavor changes occur in both cherries and strawberries

even at room temperatures over long periods of storage, but these

changes are intense and rapid at high temperatures.




6.

7

8.

9.

10.

11.

13,
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Resulfuring dehydrated cherries b, vacuum replacement offers a
speedy and eflective means of increasing their sulfur dioxide
content. The efficiency of this method is correlated with the
moisture content of the fruit. |

Fesulfuring can be economically end effectively sccomplished
without vacuum replzacement by incressing the molsture content of the
dehydrated fruit or by lengthening the time of exposure to the sulfur
dioxide or both.

When they are stored at room temperatures, three to four times as
much vitamin C isretained ir dehydrzted strawberries pretreated
with sulfur dioxide as in those which are untreated. However,
sulfur dioxide does not aid in the retention of vitsmin C in
strewberries stored et high temperstures.

The higher the amounts of sulfur dioxide retained in dehydrated
stravberries the gre:ter the quantities oi ascorbic acid retained,
The rehydration of strawberries is efective enough to permit the
preparation of excellent preserves.

Entirel, sztisfactory rehydrstion of dehydrated cherriea has not
been attained although it is sufficient to permit these fruits

being used for ssuce or pies.

A fruit bar for K rations with good color, flavor and high nutritive
values has been developed from dehydrated cherries,

Wax coatings of two kinds when used on different types of packarging
materials were found effective in preventing any except minor
moisture exchanges. Uncoated MSAT-130 cellophane permitted con-

sidersble absorption of moisture when exposed tc¢ tropical humidi-

ties and temperatures,




14+ Production costs of dehydrated cherries and strawberries zre un=—

usually high due princlpally to the incrcased costs of the raw

products over those of past yesrs.




Exterior View of Tropical Chamber




Interior View of Tropical Chamber




Laboratory Dehydrator Used in Preliminary Tests




Fisher Electrophotometer Used for Vitamin C Assays




Friction Top Can Used for Overseas Shipments and
Small Jar Used for Check Sample




Non Coated Fiberboard Package and One Coated with Darex Thermoplastic Wax




Bricks of Pressed Dehydrated Cherries Wrapped
in MSAT-130 Cellophane Absorb Moisture
when Stored Under Tropical Conditions




Cellophane Wrapped Packages Dipped in Wax to Prevent Moisture Exchange
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Cellophane Does Not Prevent Meal Moth Infestation of Insect Free Cherries




