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INTRODUCTION

The demands of modern civilization for clean, unblem-
ished, attractively wrapped foodstuffs, eombined with the
necessity of preserving the matural flavors of these food
materials, have resulted in a large inorease in the amounts
and kinds of paper used to proteet and preserve agrisultural
products. Though paper is used more extensively in the dairy
and meat packing, than in the vegetable and fruit product
industries, it is being used more and more for the protestéon
of fresh horticultural produets, in transit and in storage.
Citrus fruits, apples, pears, peaches, mangoes, avoeados, figs,
tomatoes, flowers and plant seedlings intended for shipment
are commonly wrapped with paper. It is frequently used to
protect other extra faney horticultural produsts such as
celery, cauliflower, asparagus, melons, endive and rhubarb.
Specially prepared papers are also used to blanch celery in
the field, to protect cabbage plants from cabbage maggots,
to muloh growing plants (especially pineapples), to protect
and foree plants in the field, to protect flowers from foreign
pollen in pollination work, and even to protect and preserve
fruits, suoch as grapes, from injury by insects, diseases,
frosts and mechaniocal agencies. Paper packages are employed
for the distribution of most horticultural and agricultural
seeds and paper boxss and cartons are used extensively for
the shipment of flowers, canned goods and other horticultural
products. Even paper pots and paper bands are substituted for

elay pots so commonly used by gardeners, florists and nursery-
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Review of Literature

The utilization of paper in the horticultural and
agrioultural industries is oclosely related to the develop~
ment of the paper industry. Although paper-making from rag
fiders was & well-established art in China at the dawn of
the Christian era, it was not until after the invention of
the paper machine dy Louis Rodert, in France, in 1799 that
paper was produced on such a scale as to warrant its éxten-
sive use for the preservation of agricultural products. By
1830 improved paper machines were employed for the produe-
tion of great quantities of paper but the machines that would
generally be classed as more or less modern were not per-
footed until about 1889 (27). Prior to 1860 practically all
paper was made from rag fibers, cotton and linen, This result-
ed in a scarcity of rags, and the discovery of the process
of making pulp from wood finally relieved this situation and
permitted a great growth of the paper industry.

Shortly after the introdustion of the improved paper
machines accounts of paper being used in the horticultural
industries began to appear. In 1837 John Turnbull (28) used
papers which he 0iled, for protesting dahlias from frosts.

He states:-"For protecting fruit trees when in dlossom oiled
paper frames have been long in use-~, I have been very success-
ful in growing cucumbers and melons under oiled paper frames,--.
These frames will protect the plants (dahlias) from perpen~
dicular frost until the roots are ripe®, He gave directions

for oiling the paper. In 1842 the use of paper for preserving
seeds is mentioned (26) while in 1832 seed was kept in vials,
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tin cases, and earthen Jars, but probadly not in paper
packages (30).

Paper was apparently used for packing and displaying
fruits as far back as 1847 as is illustrated from the follow-
ing quotation regarding displays:~ "We have known a thin
shest of tissue paper to occasion the loss of a medal (21).
In 1856 brown paper was used to separate layers of pears in
barrels () and paper was also placed around grape bunches
packed in bran, in order to preserve their dloom (3). One
box of oranges shipped from Australia to England in 1879 was
wrapped with paper but the paper proved inferior to sawdust
(4). Paper was used for packing figs, and peaches in 1879
(14). After this period and in conjunstion with the develop-
ment of the fruit shipping industry, the use of paper in this
bransh of horticulture, became more sommon, The use of paper
for protecting vegetables in transit came somewhat later and
its use for oucumbers and tomatoes was not reported until
1899 (10},

As far back as 1848 W.Deans (16) in England, used
papers impreguated with tobascco extracts for fumigation
parposes in greenhouses, although he reported that plants
were injured by the fumes, Paper was used previous to 1845
for drying plants for the herbarium (1). Ascording to
Slingerland (35), paper eollars were first used to protect
cabbage plants from the attacks of root maggots, in 1887,
Paper bags were used to protest growing grape clusters from
disease and insect pests in 1882 (9).
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Tedb's traveling flower pot, made of stout brown paper
was introdused in 1880 (5), Soft tissue paper seems to have
been used extensively for packing flowers as early as 1880
(31),

Paper was used for blanching celery for exhibition
purposes in 1881 (7), but it Aid not come into general use
for blanching celery until sbout 1920 (12). The protestion
of the trunks of young fruit trees from rabbits by means of
paper is recorded in 1916 (11). Although it doudtless had
bdeen used much sarlier than that for this purpose.

Directions fepr making paper bdéxes were given as early
as 1882 (8). This industry at the present time offers one
of the largest outleta for paper manufactures.

Paper has recently been used extensively for malching
pineapples,

It is evident from the foregoing that paper has deen
utilized for many and various purposes in the horticultural
industries. A still greater use of paper, for the preserva-
tion and protection of horticultural products, dep@nda large-
ly upon its physical and chemical effects upon these products.
In all probabilities these influences which include effects
on the sucoulence, flavor, color and on undesirable contam-
inations of foodstuffs vary greatly with the kinds of paper
that are used, Very little is known concerning these effects
of papers of different kinds on the quality of horticultural
products. Sando (24) finds that tomatoes ripened off the
vine without ventilation had a high acid content and a low
soludble ocardohydrate (sugars) content while well ventilated

tomatoes contained comparatively more sugar and less acid



.- e . - B
.
-~ - - ~ s
.
- L. . o v T
- N T V] IS

“




=5=
and possessed & flavor more nearly like that of fruits
ripened on the vines. He conclude@ that "Commercially ripen-
ed green fruit, wrapped with one paper, showed an increase
in acid of approximately 102 per cent and & sugar decrease
of nearly 5 per cent sompared with corresponding tests of
vine-ripened tomatoes. The results of wrapping with three
papers were less marked and are difficult to explain, The
data seem to justify the conclusion that wrapping probably
modifies the course of ripening to such an extent as to
aocount for marked changes in taste and flavor,® The
difference in acidity and sugar content is not so great in
green tomatoes ripened under different conditions, It is
interesting to note that three paper wrappers apparently
cause less acidity than one wrapper. He also states that
"although the reaction was decidedly acid, the general flavor
was insipid.* He eoncludea that lack of ventilation retards
ripening. Duégar (18) states that lack of oxygen inhibits
the development of tomato.color.

MoKay, Fischer and Nelson (23} find that wrappers inter-
fere with the 60o0ling of cantaloupes placed under refrigera-
tion, and that the wrappers, by retaining the moisture eon-
doensed on the melons after their removal from refrigeration,
favor the growth of diseases,

Apple scald, which is considered by Brooks and Cooley
(13) and others to be caused by the volatile produsts of the
apple, may be prevented by wrapping each fruit in oiled paper

or by aistriduting shreds of such paper uniformly among the
fruits in the packages.
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Some papers are, therefore, desirable for certain
purposes and undesirable for others. Ons kind ef paper
may be suitable for mechanical protection dbut unfit for
protection against the loss of the natural moisture from
the wrappe& products, Some papers are unfit for wrapping
produets shipped under certain eonditions of temperature
and humidity, but may be satisfactory for the protection
of these same produsts if the shipping conditions are
sltersd, Specially treated papers may bde suitable for
spesific purposes as for instance oiled papers im the
prevention of apple scald. Again papers may be used solely
or primarily as a means of advertising, or for display
purposes., The utilization of attractively printed or litho~
graphed papers as wrappers for advertising purposes as well
a8 for food preservation, is still in i{ts infanecy, "Sunkist,”
®Blue Goose™ and other similar drand names, have a very
definite meaning to the buying publie, and are of eourse
of great value to the produsers of the products sold under
these names. Without the use of printed paper labels and
wrappers the value of these trade names would be greatly
curtailed.,

It is evident that a careful selection of the right
types of paper is necessary in order to insure the desired
results. The investigations herein desoribed were undertaken
to determine the value of papers of different kindas in the
packing of a numder of the more ecommon fresh vegetables,

flowers and nursery stook.
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In some instances, value is measured in terms of appearance,
in some, of keeping or shipping quality, in others, in
terms of the various factors that constitute quality, and
in still others, in terms of insulation against heat and
cold.

Materials and‘ybthods

Kraft, tissue, waxed (paraffined) paper, genuine
vogetable parohment and a special water indestructable
paper 80ld under the trade name of *whalehide®™, were used
in different ways in the course of the experimental tests
reported in this paper,

Kraft paper is made largely from eoniferous woods by
the sulphate (sodium sulphate) process, Its great strength
is due, in part, to the length of fidvers, to mild cooking
and to the presence of resins and fats (27).

Parohment paper is usually prepared by treating paper
for a few seconds with 78 per oent sulphuriec acid. The
acid is adsorbed by the ocellulose to form a series of
adsorption compounds, accompanied by swelling and peptiza-~
tion. When the paper is plunged into water after the short
acid treatment this process is stopped and a gelatinous
hydrate is formed (27)., Parchment papers may be made from
most kinds of paper but only that made from the most refined
and purefied papers should be used in wrapping food such as
butter and meats, Parchment papers do not decompose in
water but they are readily permeadle to both air and water.
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Dry waxed paper is lightly impreguated with paraffin,
while self sealing waxed paper, is not only impreguated, dut
is coated on both sides with sufficient paraffin, so that if
will make & practically moisture proof union when melted by
the application of the proper degree of heat. Self sealed
waxed papers are used for preserving the foodstuffs (especi-~
ally cereals) in packages against moisture fluetuations, The
packages are wrapped and sealed by machinery. The coating
of paper with paraffin is accomplished by dipping the paper
into melted paraffin, after which it is hardened in cold
water. Waxed papers (30 pound basis and above) afford almost
complete protesction against the entrance of water vapor bus
quiokly decompose in water., This is due to the fact shat
the paper is never completely soated with paraffin. Paper
fibers thus exposed, and those exposed where the paraffin
eracks, absord water like wicks and the paper becomes wet
throughout resulting in its tearing.

Several weights of papers were employed during the
tests, By "basis weight" is meant the weight of one ream of
standard size and standard mumber of sheets adopted by the
trade. The standard size of wrapping paper, such as used in
these experiments, is 24 x 36 inoches and generally 500 sheets
constitute a ream. (Waxed papers come on the dasis of 480
rather than 500 sheets to the ream). Thus 500 sheets, of
24 x 36 inoh paper, weighing 20 pounds would be rated 30~
pound paper, Papers used in the tests ranged from 13 pound

tissue to 90 pound Kraft,
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Most of the tests were %o determine the effects, of
papers used in different ways, upon the quality of the
different vegetables and fruits, Light penetration and
insulation tests were also conducted. To check the value
of the laboratory results practical shipping tests were
made, Questionnaires were sent to grocérymen and commission
merchants in order to get their opinitons concerning certain
aspeots of the problem,

Tests of quality were made, after the removal of the
various lots from storage, by taste and by determining the
losses in weight, Refractive indices and freezing point
depressions were secured from the extracted sap, compared
with the data odbtained from carbohydrate analyses and
other quality tests, and used as an indirect measure of
quality. Catalase determinations were also made to deter-
mine if possible any correlation between the acstivity of
the enzyme and the changes which were taking place,

The losa in weight data were secured by wrapping
each lot in paper and placing the lots immediately in
their respective storage ehambers, Most products were
kept under four environments: (1)In a Frigidaire refri-
gerator where the temperature was kept at about 320F,
and the relative humidity at approximately 87, (2) Im
an ordinary ice cooled refrigerator where the tempera-
ture was about 50°F, and relative humidity approximately
70. (3) In a nearly air tight chamber where the tempera-
ture was about 80 F.(high) and relative humidity of approxi-
wmately 81, The humidity in the chamber was kept up dby fanning
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surrent of air over exposed water surfaces by means of a
small eleotric fan. (4) In the chemical laboratory where
the temperature was 80°F, and the relative humidity about
32, Of oourse the humidity in this room fluctuated with
weather oonditions,

At the end of the designated period each lot was removed,
weighed and the loss in weight calculated.

Kks soon as the weight was recorded a sample of each
lot was taken and the sap extracted in an oil hydrelic press.
The sep was 60lleated’ in a beaker, immediately ocentrifuged
and filtered., The filtered sap was then tested for refractive
index, freezing point depression and acidity. The centrifuge
was run at 1900 rewolutions per mimute; the radical distance
of ocentrifuge head being 16 centimeters. Total solids were
determined, by direct readings, on an Abde-Spencer refractf-
meter at 20°C, A Hortvet type, oryoseope discrided in the
Jour, of Ind, and Eng. Chem for March, 1921, was used for
dotormining the freezing point depressions. The colori-
metrioc method, of determining the pH values, was used almost
entirely dbut supplemented with the calomel electrode for
the determination of the values for grape juice. Bitratabdle
acidity, when measured, was determined by titrating b o.e.
of the extraoct with n RNaOH, using a suitable indicator to
determine the end po%g;. All operations for any dne lot
were usually completed the same day. The extracted Jjuice,
when not in use, was kept at 32°F,

If carbohydrate analyses were desired 40-100 gram
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samples were preserved by covering with sufficient hot (75°¢C.)
95 per cent alsohol to insure a concentration of 75 per cent,
and heated at 75°C., for one hour, Chemically pure caleium
ecarbonate was added (.25 gr.) before the samples wsere heated,
The samples were then extracted with 80 per cent alcohol and
the filtrate made up to volume (500c.6.,). The residue was
driod at 6000., ground to pass a 60-mesh sieve and 1 aliquots
weighted out for analysis. Dry weights were ealoul;i;d from
%U portions of the extraect and %’tliquots of the residue.

The 1 alquots were extracted with (30-40°C,) water and eom-
binog’with the alcohol extract in the case of the grapes to
make sure that all the sugar was being sesured., The water
extract of the residue was not combined in the case of corn
and peas as the filtration proceeded too slowly. The solu-
tions were clearified, with neutral lead acetate and deleaded
with sodium oarbonate, in the usual manner., The sugars were
inverted by adding $ ¢.0. of eoncentrated HCl to 50 e.s. of
the neutral sugar solution and heating for 10 mimutes at
1o°c. The solution was then eooled, neutralized, made up to
volume and 25 6.6, samples of the filtered solution used

for sugar determinations. Starch was inverted with taka-
diastase at as°c. for 24 hours. The products of the digestion,
with 150 e.0. of water used as washings, were then aecidified
with 8 e.e. of concentrated HOl and refluxed fer 2.5 hours.
The produet was then eooled, nsutralized, elearified, delead-
ed afier which sugar determinations were made. The residue

from the taka-diastase digestion with 70 6.8, Of water as
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washings and 4 6.6, of concentrated HC1l were refluxed for

2.5 hours for acid hydrolyzable material, After neutralize
ing, ¢learifying and deleading in the usual manner, the re-
dueing power of an aliquot was determined. Total sugars were
caleulated as invert, starch as dextrose, and the acid hy-
drolyzable material was converted to dextrose with the factor
90, All sugar determinations were made after the Munson and
Walker method.,

Catalase was determined according to the method .8escribed
in Mich, Agr. Exp, Sta. Tech, Bul. 78,

Photometric readings for the light penetration tests
were made by means of solio paper in an ordinary photometer,
such as deseribed by Clements. (Researech Methods in Ecology
P 49-51 University of Nebraska Pudblishing Co. 1905).

Other methods involving only limited cases will be
desoribed later.

EXPERIMENTAL

There are a number of ways in which papers may in-
flusnce the quality of products. (1) They may modify the
rate of moisture loss or in some instances (seeds for example)
of moisture gain. (2) They may favor the development of
digseases (or insects) or retard their spread depending
upon the kinda of papers used and their surrounding é¢mviron-
ments., (3] They may by the exclusion or inclusion of pre-
Quots, by adsorption, or in some other manner change the
taste or chemiocal composition of the inclosed products.

(¢) They may enhance or detract from the value of the pro-
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duct simply by a modification of ths appearance of the pro-
duct (include cleanliness) or package in which it is display-
ed. Though it is impossidble to keep these factors separate
they will be disocussed, in tho pages which follow, im &p-
proximately the order in which they are listed above,
loss in Weight
¥any horticultural products are sold by weight and

the loss of moisture, especially from leafy vegetables,
quickly reduces their market value even though they are not
80l1d on & weight basis, Other products such as most agri-
sultural and horticultural seeds quickly lose their ger-
mination adility when exposed to humid environments when
they take up moisture (stratified seeds excepted)., The pre-
servation of the matural moisture and approximate original
weight of horticultural products is, therefore, of primary
importance,

In all tests involving loss of weight data the products
were wrapped so that they were in direct ocontact with the
paper., Obviously the protection of produce against the loss
of moisture may be best acoomplished through the use of a
paper coated or saturated with a substance not miscidble in
water, such as paraffin or oil. Such papers, however, also
inhibit ventilation and are very likely to provide conditions
favorable for decay.

Peas.~ Peas are usually packed in hampers, dbushel
baskets and speecially construoted crates. If in transit for






two days or more it i{s customary to place ice in the cemter
of the peas to prevent heating,as the cold air from the
bunkers is not sufficient., The melting ice not only keeps
the peas c0ld but also keeps them moist. Obviously any paper
which is used to line the containers must not be decomposed
by water., In the refrigerator, or display case, in the home,
or in the store, where dry peas are preferred, the problem
may become one of preventing moisture loss, In the former
case parchment or other water indestruotable paper is pre-
ferred and in the latter case waxed papers may be found of
value,

Table 1 gives the per cent loss in weight from peas
wrapped with different papers under different environmments,
The peas (variety Telephons) were picked in the morning
(iug.4) and each lot of approximately 176 grams weighed
ind DPlaced in its respestive wrapper and environment before
5 P.M, of the same day. Care was used in picking and in
selecting the samples to be sure to include only peas of
like degree of maturity. This was rolativelj easy as this
partioular picking was thﬁ firast from a very healthy lot
of vines,

The data indicate the value of low temperature, high
humidity and waxed paper for the preservation of the moisture
ocontent of fresh peas. At high temperatures, however, peas
wrapped with waxed papers for seven days became moldy. The
growih of mold was greatest in the high humidity chamber.
On the ninth day all the peas in the high temperature, high
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humidity chamber wers so moldy as to be unfit for tests
while those held at a high temperature and low humidity
were badly dried. Although waxed papers proved superior

to parchment and whalehide papers, under cold laboratory
conditions, in preventing moiatnro losas it should be re-
membered that waxed papers would be totally unfit for lining
packages used for peas decause they are not strong enough

t0o hold up under shipping eonditions. Even the waxed Kraft
papers of 70-90 pounds basis do not, as will be shown later,
withstand fuch usage as well as 40-~55 pound whalehide.

There was practically no difference detween the moisture
retaining value of parchment and whalshide and the slight
difference can be attributed to the difference in weight of
the papers used.

It may be noted that the per sent loss of weight at
32°F. on the ninth day is less for all lots than on the:
seventh day. This occurs also with sweet eorn and tomatoes
88 is shown in tables 2 and 3. Bo reason for this increase
can be given, It is possible dbut not likely that this
inocreased weight may be due to water condensation on the
surface although an attempt was made to weigh all samples
before the formation of this condensation.

Figure 1 shows the condition br three lots of peas
held in the iced refrigerator for 12 days. In thié case
the self-sealing waxed paper gave the most satisfactory
protestion as the molds had not made sufficient headway
to discolor the pods at this temperature,:
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Fig.l.~-Peas after 12 days of storage at 50°F.

This temperature limits mold development and the self-sealing

waxed paper, therefore, proved most satisfactory.
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Table l.-Teight lost by peas stored under different

conditions, in per cent.

Day of

storage Environment

Treatment

20F wh. 20F P 257 2oF
D.W. S.S.W. Ck.
320F, 3.8 2.6 2.0 .9 3.8
5C°F, 9.2 S.2 10.6
’ 80°F.low humidity 23.9 21.3 13.1 6.1 26,1
80°F.high " 9.1 8.7 5.7 2.3 10.2
320F, 3.2 3.1 3.7 1.3 6.0
50°F, 15.4 4.2 21.4
° 80°F,low humidity 46.7 41.6 27.3 10.5 5344
80°F.high " 14.5 12.0 6.2 4.0 20.2
22°F, 6.4 4.7 4.5 1.7 7.5
50°F, 25,7 5.6 25.6
! 80°F.low humidity 60.3 55.0 39.4 14.9 68,9
80°F.high © 18.2 18.8 10.8 4,6 24.6
32°F, 4.1 3.9 3.0 1.5 6.2
50°F, 32.0 11.5 34,4
’ 80°F,low humidity 70.3 66,9 44.4 17.9 77,7
80%F,high "
32°F. 5.7 4,1 3.3 1.8 5.6
L 50 F. 40.3 10.2 51.0

80°F ,low humidity
80°F.high "

Wh.= whalehide paper., P = parchment paper. D.W.3 dry waxed

paper. S.S.W.= self sealing waxed paper,

These same legends will be used in the tables which follow.
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Sweet Corn.-Kelly's hydbrid sweet corn was gathered

on September 17 and all lots wrapped and stored in their
respective places the same day. Three ears were used in
sach test making the weight of each lot approximately 1000
grams, Figure 2 shows one lot wrapped with whalehide paper.
The corn was stored under the same conditions and at the
same places as the peas.

The loss in weight data are tabulated in Table 2.
These data check fairly closely with those for peas and no
additional comments are necessary regarding them. Figures’
3 and 4 show the effects of temperature and humidity on
corn, with and without the husks, after nine days of storage.
The ocorn silks quickly desomposed whalehide paper as is
shown in figure 2,

Tomatoes.~-On September 8 Earliana tomatoes, which were
Just starting to turn, were harvested, wrapped and placed in
storage under the same conditions as provided for peas and
sweet corn., The vines at this time were about half defoliated
with Septoria and great care was exereised in securing uni-
form s0lid fruits for all lots. Three tomatoes were inscluded
in each lot with a total weight per lot of from 360 to 480
grams, The losses in weight in per cent from the different
lots are shown in table 3. Though the weight losses are nos

nearly ss great as for sweet corn and peas, yet they are as
great as 10 per ocent in 12 days time., The papers have the

same relative protective value as was the case with corn

and peas.



Table 2.-Teight lost by corn stored under different

conditions,in per cent.

Day of
storage Environment Treatment .
20 1bs.Wh. 25 1bsS.5.5.%. CK.
32°F, 3.3 o4 o9
500F, 4.2 1.9 4.7
3
80°P. low humidity 10.8 1.4 10.8
80°F. pigh ™ 4.2 1.4 4.0
320F, 2.4 .8 3.2
50°F. 4.7 2.1 12.4
5
80°F, low humidity 16.7 3.8 19,3
80°F, high ™ 8.9 3.7 6.8
32°F, 2.7 1.5 1.3
50°F. 7.8 2.0 11.1
7
80°F, low humidity 22.7 4.8 22.8
80°F, high ® 10.53 4.2 12,1
320F, 2.4 1.3 1.3
50°F. 11.7 3.1 11.0
9
800F, low humidity 25.6 5.2 29.8
80°F, high " 10.8 3.8 14,8
520F, 3.5 1.2 2.6
50°F, 13.6 2.9 13.5
12 o
80 F, low humidity 29.9 7.0 41.4

80°F, high " 12.9 4.5 17.8
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Figure 2.-Corn wrapped for experimental tests. Note that
the corn silks have decomposed the whalehide paper at both

ends of the package.
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Figure 3.-Sweet corn after nine days of storage at different
temperatures and humidities.
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Fig.4.-Sweet corn after nine days of storage at different

temperatures and humidities, Same as Figure 3 but with

husks removed.



The small loss of moisture from tomatoes, as compared
with peas and sweet corn, is surprising in view of the fact
that tomato fruits ars about 95 per cent water while the
psas and sweet corn used in these experiments contained 78
and 63 per cent of water respectively at the start of the
tests., The unwrapped tomatoes in the laboratory had lost
only 8 per cent of their weight in 9 days while the similar
lots of corn and peas had lost 29,8 and 77,7 per cent of
their weight respectively. There is a relatively greater
surface exposed to evaporation for a given weight of peas,
a8 ocompared to the surfase exposed for the same weight of
eorn or tomatoes, and this no doudbt accounts for some of the
difference in loss of weight between peas and tomatoes, There
are however approximately equal surfaces of tomatoes and
corn exposed for equal weights of these products, This factor
cannot; therefore, be responsible for the greater loss of
weight from corn. Some of this differenee may be duo to the
escape of moisture from the point where the products were
severed from the plant, The greatest difference in the
moisture loss from sorn and tomatoes is very likely due to
the difference in the protective coverings. The tomato skin
is according to Gardner and Kemdrick (19) devoid of stomata.
This, however, probably does not ascount for all of its
protection against moisture loss. The skin of the fully
ripened tomato is coated or impregnated with a waxy material
which is not miseible with water and it is very likely that
this waxy covering aids materially in preventing moisture
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loss. In this connection,it may be of interest to note the
appliocability of the polar conception of moleculesmand
groups, as developed by Langmuir (22) Harkins (20) and others,
in predioting the possible uses of different kinds of paper
for proteoting different commodities, According to this
theory molecules or groups which contain OH, COOH, CO, CN,
or CONHp groups are characterized by stray fields of force
and great activity while compounds (non polar) lacking these
groups are relatively inactive, Double and triple bonds act
like the polar groups mentioned but to a less degree. Water
and the lower alcohols are, according to this theory, highly
polar while bensdne, ether, paraffin and similar compounds
are highly non polar. Compounds of similar polarity are
miscible and compounds differing in their polarity become
less and less miseible depending upon the difference in
their degree of polarity. The non polar waxy skiniof the
tomsato “thus- provides -an cicollont:prgteotion against ‘the
escaps or evaporation of polar water or moisture, Waxsd
papers are used around cereals and other agricultural pro-
duot§$o protect them against changes in moisture content.
Hydrated, more polar cellulose such as is found on parch-
ment papers, must be used around non polar products such as
butter and fat meats, otherwise the paper (waxed) would
disintegrate (become soluble) and contaminate these foods.
Waxed paper is used around bread largely because it is trans-
parent and customers can thus see the bread without removing

the wrapper. It also protects the bread against excessive









Figure 5.-Note the shriveled skins of the tomatoes held

in the high temperature and low humidity (IH) room.
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Figure 6.-Tomatoes stored 20 days at 80°F, Note the turgid
condition of the lot protected by waxed paper (S.S.W.).
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moisture loas., The practice of applying a considerable amount
of butter, to the surface of bread, had to be discontimed
as it was found that the contact of non polar grease and a
non polar paper was not practicable.

With such a theory as a background, it is therefore not
80 hard to understand why the 95 per cent polar water in a
tomato, is held in place by a very thin but non polar soating
or skin, Figure § shows tomatoes which had been stored for
20 days under different temperature and humidity conditions,
Figure 6 shows the effest of paper wrappers on tomatoes stored
for 20 days. Though the waxed paper effectively prevented
moisture loss it also interfered with the normal color develop-
ment,

gaezgg.-On Ootober 13, 1926 & number of varieties of
grapes were placed in 3-quart slimax baskets, the baskets
and grapes wrapped with different papers, and plased’'in
ocommon and cold storage. Tadble & ghows the losses in weight
from these lots, The "A" lots were removed January 3, 1927
while all other lots were removed from storage and weighed
November 23, 1926. The losses in weight are small in all
lots due to the co0ld humid storage conditions. The common
storage was especially damp, The temperature in the cold
storage rooms was approximately 32-34°F, while that in
common storage ranged from 40-50°F, The papers used around
grapes had the same relative protective value against mois-

ture loss, as with peas, corn, and tomatoes.



.
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Table 4.~Loss of weight from grapes stored under

different conditions (in per cent),

Variety Environment Wt.at start Wt.lost ggif
grams grams cent

Lignan Blane Wh.cold storage 1010 55 5.4
" n Cke " " 915 75 8.2
Niagara Wh.Common storage 1295 10 «8
" S.SHe v 1340 7 4]

" Ck. non 1190 5 o4

" Wh.Cold storage 1230 65 5.3

o Whe(a) ® " 1180 100 8.5

" S.s.,.Ww, ®» *® 1260 30 2.4

m S.S.We(a)ret. 1255 45 3.6

n Cke. non 1060 75 7.1

" Ck.f(a) n @ 1142 132  11.6
Concord Wh.Common storage 1045 15 l.4
" S.S.Wie ™ " 1025 ) .5

i Ck., r n 1015 0 0

" Wh.Cold Storage 1040 65 6.3

" Vhe(al®r 1115 100 9.0

» Sedeven m 1000 20 2.0

" S.S.We(a) " 1035 30 2.9

n Ck.Colda " 1010 78 7.7

" Cke(a) ™ m 1005 130 12.9
Wyoming Wh. Cold Storage 1105 70 6.3
" S.S. W, m n 1025 22 2.1

" Ck. won 1030 75 7.3
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Table 4.,-continued

Dimond Wh. Cold storage 1125 55 4.9
" S.S. W, ® " 1120 28 20
" Ck. T n 1030 65 6.3
Agawan Whe " » 995 50 5.0
" S.S.We ™ @ 1000 15 1.5
" Ck. n oo 1045 80 7.7
Worden Wh. " " 930 50 5.4
n Whe(a) " » 965 90 9.3
" SeS.We ™ b 835 12 l.4
" SeS.We(a)™ ™ - 1060 435 4.2
" Ck. "ow 1065 80 7.5
" Cko(a) ©™=n 895 120 13.4
Salem Wh, ww 1100 65 5.9
" Vhe.(a) ™ " 1085 100 9.2
" SeSede m®wom 1090 15 l.4
" S.S.W.(a)r " 1025 40 3.9
" Ck. non 1040 65 6.3
" Ck.(a) " m 1305 165 12.6
Brighton Whe non 1015 30 3.0
w Wh.(a) wou 1245 95 7.6
n SeS.We "ou 1155 25 2.2
" S.S.W.(a)r " 1105 30 2.7
" Cke. now 1135 65 5.7
" Cko(a) " n 995 110 11.1
Empire State Vh, non 1290 60 4.7
o Whe(a) ™ m 1515 110 8.4
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Table 4.- continued

Empire State S.S.W. Cold storage 1265 25 2.0
w S.S.We(a) ™ " 1280 45 5.6
" Ck. " " 12895 70 5.4
" Ck.(a) " " 1110 120 10.8
Deleware Whe " n 1050 50 4,8
" Wh.(a) " " 1265 130 10,3
" SeS.W, w " 1230 30 2.4
" S.S.W.(a) " hd 860 45 5.2
" Cke " n 10CO 70 7.0
" Ck.(a) " " 835 95 11.4

Celery.-In the first test with celery, started September
9, three bunchoé were exposed to the laboratory conditions
where the temperature was high and the humidity low, The
results of this test are given in table 3, There were 6 plants
in each bunch and each of the bunches weighed about 2400 grams
at the start, In this test the same lots were reweighed on
the fi;e dirforent dates while separate lots were provided
at the start for corn, peas, tomatoes and grapes, so that the
lots could be used for chemical tests as soon as they were
weighed. Figures 7 and 8 show the same lots of celery wrapped
and with the wrappers removed four days after the start of
the experiment, The dark spot below the label on the bunch
to the left of figure 8 i3 a soft rot. On the fifth day this
rot had become very serious in this (S.S.W.) lot. The figures
show plainly that losses of moisture influence greatly the

appearances of celery.






Tadble 5.-1088 in weight (in per cent) for celery stored in a
laboratory where the temperature was BOOF and relative humidity

around 5242§r cent.

Day of Treatment
storage
Wh, S.S.We Cke Notes
1 12.2 8.8 14.1
2 19.4 12.9 25,0
3 27.4 16.9 34.9
4 34.3 21.9 42,8 Rot starting in 3.S.W. See phota
5 40,8 27,5 50,5 None marketable on Sth day.

The statement is frequently made that washed celery
will not hold up as long as "ruff" celery. In order to secure
data on this question Mr.F.F, Dutton of Sanford, Florida
included four crates of celery in & shipment to Thierwechter
Brothers at Detroit. This shipment was loaded April 11 and
the express shipment from Thierwechter arrived in Lansing
April 21. The eelery in the car was top iced. Ice was also
placed in the bunkers of the car as is the usual practice.
The loss in weight data are presented in table 6 and a
photograph of the four lots, taken on the date of their
arrival in Lansing, is shown in figure 9., The figures 4o not
indieate that washed celery wilts any faster than unwashed
celery. There is, however, & definite relation of the size of
stalks to the weight lost, the larger stalks losing moisture
less rapidly than the smaller stalks. If washed celery does
not hold up as long as "ruff" celery as is frequently stated
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Figure 7.-Celery stored 4 days in a high temperature, low
humidity room. Left to right: S.S,W.-Wh.-and Check lots.
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Figure 8.-Celery stored 4 days in a high temperature, low

humidity room. Same as Fig.9 with papers removed. Left to
right: S.S,W.-Wh.~-and gheck lots. Note rot starting on S.S.W,
lot.






Figure 9.-Celery cut from same field packed and shipped
on same date by Mr. F.F.Dutton, Sanford, Florida. Photo
1l days after celery was cut. Left to right: 1. Rough

field pack. 2. Field pack precooled. 3., Washed and pre-

cooled. 4. Washed, precooled and wrapped.
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the decline must be due to other fastors than wilting,

Wet celery or even dry celery at high temperatures will
ro$ as is shown in figure 8, At low tempsratures neither
wet nor dry celery will rot or wilt excessively in reason-
able lengths of time, Much of the loss of washed celery
and consequent prejudice against it, is due no doudbt to
storage at high temperatures which should never be allowed
with any celery. Moreover as will be shown later celery
shipped *ruff™ frequently reaches the sales ocounter with-
out being washed, This fast alone should caution celery
growers against shipping "ruff"™ stock if th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>