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INTRODUCTION

The effect of abnormal atmospheres on the growth of fungi and on
the keeping quality of fruit and vegetables has been a matter of dis
cussion for more than a century, and beneficial effects from different
types of gas storage have often been reported. The present studies
were undertaken not so much with the idea of developing a method
of storage as with the hope of finding at least a partial remedy for
the spoilage that results from the warm condition of fruit and
vegetable products during the first hours after loading for shipment.

»The writers wish to acknowledge their Indebtedness to Nell E. Stevens for cooperation
in the Strawberry and dewberry shipments, and to D. F. Fisher and bis associates for
cooperation In the shipments In which blower precooling was used. Thev also wish to
express their appreciation of the kind cooperation of growers, and of representatives of
the various transportation companies concerned.
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It seemed possible that a limited use of solid carbon dioxide might
be of value in this connection, both because of its refrigerating effect
and because of the inhibiting action of the carbon dioxide gas pro
duced. To determine the practicability of this method of food
preservation required detailed information concerning the various
effects of the gas upon different fruits and vegetables under various
conditions.

Since, in preliminary experiments, it was found that the peach and
the strawberry were particularly susceptible to injury from carbon
dioxide gas, they have been given special consideration. This bulle
tin reports the results of four years' experimental work on peaches
and strawberries, three years' work on dewberries, and tests on other
fruits and on vegetables.

REVIEW OF LITERATURE

In 1821 Berard (3)- reported that most fruits can be preserved for
a certain period by picking a few days before they are ripe and stor
ing in an atmosphere free from oxygen. Peaches, plums, and apri
cots were held in good condition for 20 to 30 days, and pears and
apples for 3 months; but when these periods were exceeded, the fruit
failed to ripen upon removal to normal air. Berard's paper was
considered of sufficient importance to be awarded a prize by the
French Academy of Sciences, but apparently his new method of fond
preservation was not put into practical use.

In 1895 Lopriore (£0) showed that the germination of the spores
of Mucor mucedo was delayed by the presence of 10 percent of carbon
dioxide in the atmosphere, and that pure carbon dioxide, though
producing total inhibition, did not kill the spores even after an
exposure of three months.

In 1907 Fulton {12) reported experiments in which strawberries
were stored in packages and containers having various degrees of
tightness. A moderately tight package retarded mold to sonic extent
and was of material value in retaining the bright color and attractive
appearance of the fruit, but packages that were sufiiciently tight to
allow the carbon dioxide of the storage air to reach a concentration
of7 to 10 per cent in a period of six days caused the fruit to develop
a bad flavor.

In 1911 Gore and Fairchild (13) investigated customs already
established in Japan and discovered that the astringency of Japa
nese persimmons could be removed by three to five days'" storage in
an atmosphere of carbon dioxide.

In 1913 Hill (16) reviewed the literature on gas storage of fruits
raised the question of the effect of holding fruit in a tight refriger
ator car without change of air, and pointed out the need of better
means of preserving fruit in transit. He reported experiments show
ing that storage in oxygen-free air results in the spoilage of the flavor
and quality of the fruit. Apples stored in hydrogen or nitrogen
began to lose their normal color after four or*' five days. Peaches
held in hydrogen? nitrogen, or carbon dioxide for seven clays acquired
a bad flavor, which was intensified by longer storage. The rate of
softening of peaches was greatly decreased bv carbon dioxide and to

3italic numbers in parentheses refer to Literature Cited, p. 58.
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a considerable extent by hydrogen and nitrogen. Eipe Concord and
Catawba grapes respired as rapidly in hydrogen or in nitrogen as in
air, and during the first 36 hours of storage this was also true of ripe
Duke cherries; but the respiratory activity of green peaches was
immediately depressed by storage in either hydrogen or nitrogen.

Bartholomew (2) discovered that black-heart of potatoes is caused
by a deficiency of oxygen resulting from poor aeration.

Shear, Stevens, and Rudolph {SO) found that cranberries held in
nearly pure carbon dioxide were spoiled by the end of three days,
the spoilage becoming evident in a loss of color, in a softening of the
flesh, and in the development of a bitter flavor.

Brooks and Cooley (5) and Brooks, Cooley. and Fisher (7, .8)
found that high percentages of carbon dioxide for a short period or
low percentages for a long period delayed the ripening of apples and
served as a partial preventive of apple scald, but that there was
danger of injuring the flavor of the fruit. Apples were held in pure
carbon dioxide for two to six days at 15° C. with no evident injury,
but when the period of exposure was extended the fruit developed an
alcoholic and nauseating flavor, often followed by a browning and
softening of the flesh. Apples were held at 2.5° in an atmosphere
containing 2 to 3 per cent carbon dioxide for 20 weeks without in
jury, and in one instance in 14 per cent carbon dioxide at 15° for
several weeks without injury; but attempts to use higher percentages
of carbon dioxide over a prolonged period resulted in serious damage
to the fruit.

Kidd and West and their associates of the Food Investigation
Board of England made an extensive study of the effects of carbon
dioxide upon fruit. In the report of the board for 1919 (Uh Rpt.
1919, pp. 17-18) it was stated that strawberries could be kept in ex
cellent condition for three to four weeks at 1° to 2° C. either in an
atmosphere of oxygen or in one containing reduced amounts of oxy
gen and moderate amounts of carbon dioxide. Under both of these
conditions the growth of fungi was markedly inhibited. In 1920
(Uh Rpt. 1920) an experiment was reported in which the storage life
of apples was doubled by holding in gas storage with an average
concentration of 14 per cent carbon dioxide and about 8 per cent
oxygen.

In a special report of the board in 1923 (IS) it was pointed out
that the losses in oversea shipments from soft scald of apples and
brown-heart of apples are due to (he poor ventilation in the hold of
the ship with the accompanying increase in carbon dioxide and de
crease in oxygen. The lowest concentration of carbon dioxide associ
ated experimentally with the occurrence of brown-heart was 13.6
per cent. In a special report in 1927 (10), gas storage was shown
to give its optimum results at a temperature of about 40.5° F. At
that temperature, storage in atmospheres containing 12 per cent of
carbon dioxide and 9 per cent of oxygen practically doubled the
storage life of apples and was approximately equivalent to air stor
age at 34°. It was found that gas storage (10 per cent carbon dioxide
and 11 per cent oxygen) owed its effectiveness as much to the reduc
tion in the quantity of oxygen as to the increase in carbon dioxide.

These investigators considered that 10 per cent of carbon dioxide
might be excessive at temperatures below 42° P., and 11 per cent or
less of oxygen dangerous at temperatures above G5°. Diminishing

-.-,., | -.
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the oxygen or increasing the carbon dioxide concentration in an at
mosphere was found to decrease the respiratory activity in propor
tion to the effect upon the rate of ripening or aging of the apples.
Within the temperature range of susceptibility, they found that the
onset of low temperature internal breakdown was accelerated by in
creasing the concentration of carbon dioxide in the storage air above
5 per cent orby reducing the concentration of oxygen below the nor
mal 21 per cent. . .

Brown (9) found that within yery wide limits variation of oxy
gen pressure had little effect on the germination and growth of fruit-
rot organisms, whereas carbon dioxide retarded both germination
and growth. The lower the temperature the weaker the nutrient,
arid, to a less degree, thegreater the density at which thespores were
sown the more marked became this retarding action. He considered
that the greater retardation at lower temperatures could be explained
partly on the basis of the greater solubility of carbon dioxide at
these temperatures. A concentration of carbon dioxide as great as
20 per cent at ordinary temperatures was found less effective in con
trolling fungal growth than was a drop in temperature of 10 C.
without carbon dioxide. He found that carbon dioxide is always a
retarding factor in fungal growth except in cases where alkaline
staling takes place, and then it acts as a remedy, making the growth
greater where the gas is present. # m .

Experiments were reported in which Botrytis cinerea, Momha cin
erea Rhizovais nigricans, PenicUlium glaucum,, and other fungi were
tested in atmospheres containing different percentages of carbon
dioxide Of the above fungi, B. cinerea was inhibited most by the
action of the gas and P. glaucvm least. When inoculated into apples
and held atatemperature of either 5° or 15° C., Botrytis was almost
completely inhibited by 20 per cent carbon dioxide and greatly
checked by 10 per cent. M. cinerea was also greatly inhibited, but
not so much as Botrytis, while P. glaucum was very little affected
even by 20 per cent of carbon dioxide. .

Bergman U) found that in unventilated cars of strawberries the
carbon dioxide did not exceed 2.5 per cent, and he considered this
amount not injurious. , . .

Magness and Diehl (21) reported that atmospheres containing
carbon dioxide in concentrations of 5,10, 20, and 50 per cent, respec
tively, with 20 per cent of oxygen, markedly inhibited the softening
rate of apples, the retardation in rate of softening varying with the
carbon-dioxide concentration. Concentrations of 5 and 10 per cent
ofcarbon dioxide had no appreciable effect upon the flavor of apples.
In concentrations of 20 per cent of carbon dioxide, however, there
was a slight flavor of fermentation, and fruit held in concentrations
of 50 per cent of carbon dioxide was entirely inedible. The experi
ments were made at71.5° F. and were continued for a period of from

10Stevensaand Hawkins (31) suggested the possibility that the ac
cumulation of carbon dioxide in the center of a tightly packed car
of strawberries might be sufficient to reduce the rot development.

Thomas (32) found the percentage of carbon dioxide m the stor
age air to be a controlling factor in the production of alcohol and
acetaldehyde by apples.
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Durroll (10) reported that concentrations of from 1 to 5 per cent
of carbon dioxide stimulated the spores of Basisporium gallarum
to profuse germination, whereas control cultures failed to germinate.

Fellows (11) found that a variation in the carbon dioxide content
of the atmosphere between 0.9 and 18 per cent did not greatly affect
the growth of Ophiobolus graminis. In liquid medium, growth
diminished gradually as the oxygen concentration decreased; on solid
medium, marked diminution in growth did not occur until the oxy
gen was below 6 per cent.

Howe (17) found that a continuous flow of carbon dioxide into
spore suspensions of Ustilago levis increased the percentage of germi
nation, apparently as a result of favorable changes in the hydrogen-
ion concentration.

Platz, Durrell, and Howe (26) reported that atmospheres contain
ing 15 per cent of carbon dioxide were optimum for the germination
of chlamydospores of Ustilago zeae. They attributed the stimulating
effect of the carbon dioxide to the increase in acidity that it pro
duced in the culture medium.

Bippel and Bortels (27) found that spores of Aspergillus niger
germinated very poorly in an atmosphere free from carbon dioxide.

Overholser (25) found that the storage life of Fuerte avocados
could be considerably extended by holding them in an atmosphere
having only 4 to 5 per cent of oxygen and not over 4 or 5 per cent of
carbon dioxide. Exposure to an atmosphere containing 20 to 25

er cent of carbon dioxide did not result in objectionable flavors,
ut prevented normal softening of the flesh even after removal from

the experimental conditions.
In another publication, Overholser (24) reported that the astrin-

gency of Japanese persimmons could be removed by exposure to an
atmosphere of carbon dioxide for 12 to 24 hours.

Barker (1) found oranges less liable than apples to injury from
high concentrations of carbon dioxide. Pronounced injury resulted
after five weeks' storage in 25 to 40 per cent carbon dioxide at 34° F.,
but not at 45° and 55°.

Onslow and Barker (23) reported that the alcohol content of
oranges severely injured by storage in an atmosphere of high carbon
dioxide and low oxygen concentration is significantly higher than
that of control oranges.

Thornton (33) has shown that the life of cut flowers, especially
roses, can be prolonged by holding them in an atmosphere containing
a relatively high percentage of carbon dioxide. For a 12-hour
period, concentrations of 60 to 80 per cent, of carbon dioxide were
found desirable, and for a 24-hour period, concentrations of 30 to
50 per cent. In a later publication Thornton (31,) reports the
tolerance of various fruits and vegetables to carbon dioxide.

The effect of carbon dioxide upon bacteria has been investigated
from many angles, the results varying widely with the species tested.
The literature extends over a period of 50 years and recently has
been fully reviewed by Valley

I

peric
(35).

PURPOSE OF THE INVESTIGATION

It is evident from the results cited that increases in the carbon
dioxide content of the storage air may have a marked effect upon

HnBHnMBMBH •--•••• T"r-^:>r"
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both fruit and fungi and that this effect will vary with the temper
ature and also with the organism. Despite the well-established
fact that carbon dioxide has a definite inhibiting action upon certain
parasitic organisms and also upon the ripening of certain fruits, the
investigators who have made the most thorough study of the sub
ject apparently have not felt justified in recommending gas storage
for general use, because of the danger of injuring the fruit.

The present studies have been made with the particular purpose of
determining the effect of short-period gas storage, such as might be
used in car-lot shipments, as a possible substitute for precooling.

METHODS AND APPARATUS

Experiments were carried out at constant temperatures with a
constant percentage of carbon dioxide, and also in " pony " refrig
erators and in standard refrigerator cars where both the tempera
ture and the percentage of carbon dioxide were continually dropping
during a considerable part of the period of the experiment.

EXPERIMENTS AT CONSTANT TEMPERATURES

The constant-temperature experiments were carried out in a series
of six refrigerator boxes, each having a capacity of about 1 cubic
yard. A different temperature was maintained in each box, thus
making it possible to test fruit of the same lot under six different
conditions of temperature.

The fruit and the cultures of fungi that were used as controls were
held in moist chambers having a capacity of about 1 gallon. Those
that were subjected to carbon dioxide were held in wide-mouthed
9-quart bottles. The usual glass stoppers for these bottles were
replaced by 2-hole metal stoppers sealed in position with plasticine.

A constant percentage of carbon dioxide was maintained in the
test chambers by means of continuous renewal of the storage air.
The desired atmosphere was made up outside the storage container
and passed rapidly into it until the percentage of carbon dioxide in
the exit air had become practically constant. The movement was
then slowed down but kept practically continuous throughout the
experiment. From 75 to 115 quarts of the gas mixture were passed
through each container in a period of 24 hours.

The storage bottles for the prepared atmosphere were outside the
refrigerator boxes, and the air from them was passed through coils
of copper tubing within the boxes before entering the containers that
held the fruit and cultures. This arrangement brought the tempera
ture of the entering air down to approximately that of the refrig
erator box before it passed into the container holding the test
material.

The prepared atmospheres were always made by mixing carbon
dioxide with laboratory air. When the carbon dioxide content of
normal air was increased to 10 per cent, the oxygen content was
therefore reduced from 21 per cent to 18.9 per cent, and with 25 per
cent carbon dioxide added the oxygen was reduced from 21 per cent
to 15.75 per cent.

Carbon dioxide determinations were made either by the absorp
tion method or by means of an electrical carbon dioxide indicator.
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The desired percentages of carbon dioxide were usually maintained
within 1 per cent, but where one-fourth or more of the atmosphere
was composed of carbon dioxide the results of the experiment were
not discarded if short-period variations of 2 or 3 per cent were found.

EXPERIMENTS IN PONY REFRIGERATORS

Except where otherwise stated, the pony-refrigerator experiments
were made in 80-quart pony refrigerators of the typo used in Florida
strawberry shipments. These refrigerators have two ice pans, one
across the top and a vertical one beneath which divides the berries
into two separate stacks, each 4 baskets high, 2 baskets wide, and 5
baskets long. Solid carbon dioxide was used as a supplementary
refrigerant and as a source of carbon dioxide gas. It was always
placed in the top pan and usually on top of a laver of ice. In later
experiments it was placed in the four corners of the top pan and
partly separated from the pan and from the ice by means of broken
berry baskets or similar material.

Complete temperature records were obtained by means ofrecording
thermometers. _These were placed in the bottom' of the berry baskets
and peach carriers and the fruit poured in over them. The results
of the recording thermometers were cheeked by taking the tempera
ture of the fruit at the close of the experiment and in some instances
by placing resistance thermometers beside the recording ones during
the experiment; the results were usually in close agreement. During
the periods of rapid cooling the temperatures as reported probably
more closely represent those of the outside tissue of the fruit than
either the air temperature or the temperatures in the center of the
individual fruits.

Samples of the atmospheres within the refrigerators were obtained
by means of copper tubes that passed through the drainage outlet
and extended up through the central ice pan and over into the mass
of fruit. Carbon dioxide determinations were made as described
under constant temperatures (p. 6).

EXPERIMENTS IN STANDARD REFRIGERATOR CARS

In the refrigerator-car experiments, solid carbon dioxide was used
as a supplementary refrigerant, as with the pony-refrigerator tests
The cars were iced in the usual manner, and the solid carbon dioxide
was placed in the main body of the car on top of the load of fruit
as described in the legends of Figures 8 to 11, 22 to 26, and 29 to 33
inclusive.

Recording thermometers were packed in the baskets and carriers,
as described above for the pony refrigerators. They were always
placed in the top baskets or carriers of the top crates and in the
bottom baskets or carriers of the bottom crates.

Samples of the atmosphere within the car were obtained by means
of tubes of copper and rubber extending from various points in the
load out through the upper opening of the bunker to the top of the
car. Air was drawn out through these tubes by means of an air
pump until the percentage of carbon dioxide became constant, and
samples were then taken for record analvses. Analyses were made as
described under constant temperatures/
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STRAWBERRY EXPERIMENTS

In the strawberry experiments special attention was given to the
tlieToTs3 °r °f the fl'Uit and to the rate of development of

The firmness of the fruit was determined by pressure tests, made
after methods similar to those reported by Magness and Taylor ($S)
The berry was placed on the platform of a dial cigar scale ami
brou^t. dird1°f Un ilKlcHbIe FT'11 <7 min ^ameSr)' wsbrought steadily down upon it and the pressure increased until the
berry was punctured. The pressure was read in ounces s
registered on the scale at the time of puncturing

lho question of determining whether the flavor of the berries-
lifficulTma\ttthVl0Sefian ^Periment was found to be amoSditficult matter. A conclusion was reached by having two or more
persons test the flavor without knowing the previous treatment
Individuals won d sometimes disagree as to whether the treated or
ha ?ii°flnvnf r.°re ^^}^ ^ whenever it was evidenfwnf ' had been changed by exposure to carbon dioxide,

it was considered advisable to set this down to the discredit of the

ss^mss?somc individuals mkH find nothing °bjcc-
a shVhf7n« nfCt V™nlt%f™m thc ^rbon dioxide treatments wasa slight loss of aroma. With more prolonged or severe treatment
this was followed by astill greater loss of flavor and finally by tS
development of an odor of fermentation and by other definitely
objcc enable qualities. The more highly aromatic, highly flavored
sooner toZ^tt^K ?" ?"* of tho Carbon ^fde treatmentsoonei than did those having less aroma

rl„nr;nCtiCH1Iy il?'/-thc r0ts fclat Sloped without inoculation weredue to either Rhizopus or Botrytis, so the inoculation exper inen s
were confined to these two organisms,^ Rhizopus has been found
to cause more decay on strawberries in transit than all o her r
organisms combined (28) Botrytis probably comes next to Rhizo-
S,y cause of loss and is of special interest because of the diffi
culty ofcontrolhng it by means of low temperatures

Botryhs cinerea Auct. and Rhizopus nigricans Ehr. were grown on
potato-dextrose agar mvarious concentrations of carbon dioxide and
at various temperatures The agar was poured into Petri plates
and allowed to harden. The spores were then pushed into (he 1 yer
£SnnteTi °f ?SUinJe I1Cfdlc- The ^ t0 Which the spore.*ere pushed did not seem to have any effect upon the inhibiting
sahown in Tabl"Tb°n ^^ The «*" °f the ^erimente arf

latlon work were obtained f,o,„ SMPSfS^JiSS,-MS Z^u^V^ II^cTa.

'
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Table 1.—Growth of Botrytis cinerea and Rhizopus nigricans on culture media
in atmospheres containing various percentages Tf carbon dioxide

STRAWBERRIES AT CONSTANT TEMPERATURES

oxEwbv^f, aIS° T*! !1CI<1 b Vari0lls Percentages of carbon dioxide at various cons ant temperatures. From 8 to l;> berries were
anfwlthl^f COmhil°l\ t0Sltcd- J1"* Werc selected individual^
o 2 r? l C?rC%1;1 :,rtlcr that thos* tf> be compared under differ
firmnemf^T .' d KM f^1/ alike MP°«* * Purity,fiinness, size, color, and freedom from injuries. The Rhizopus in
oculations were made by pushing the spores into the flesh of the
made £*Z £™ H "T" B.°A inoc^<>ns that were
™t,i / Way ?l!lsed. no ev,dent d^elopment during the
oS?d&?nfETV1*' buV*was !ound tha( %cuttins -i-i^ini-metei disks of mycelium and agar from Petri-dish cultures and
placing them on the berries a definite rot and a measurable growth
« rUin-C0T( f6 ?CUr '̂ The B0tryfcis B«Wth measurements,
mvf rV" ^LWe 2' mdicate the increase in diameter of thesemycelial disks. The pressure tests were made as described on page 8
and the carbon dioxide atmospheres were prepared as described underMethods and Apparatus (p. ef. The results are reported in Table l

11S249—32 2



Table 2.~EffecU of different percentages of carbon dioxide on strawberries at various constant temperature.

Variety

U. S. D. A. No. 450.
Do
Do
Do...
Do

U.S. D. A. No. 25..."
Do
Do
Do — ""— ""

Missionary and bunlap.""
Do
Do
Do
Do

.Do ...'.'.'.'.'."'.I
Missionary...

Do ""
Do
Do
Do
Do
Do '
Do '
Do
Do ..;
Do
Do
Do .""!""""

Klondike-Howard 17 (cross)"
Missionary
Klondike-Howard 17 (cross)"
Ueilm...
Aroma

Date

June 3,
do...
do...
do...

....do..
May 20,
-..do...
....do..
-..do...
May 22,

do...
do...
do...
do...
do_.

Mar. 13,
do...
do...
do...
do...

....do...
Mar. lit,

do...
do...
do...
do...
do...

Apr. 9,
May 31.
Apr. 9,
May :;:.
May 25,
May 17,

1929

1930

1930

1930

192S
192S •
1928
1928
1928
1929

22* Temper-
phere ature

Per cent
10
10
10
10
10
13
13

13
13
17

17
17

17
J7

17

19
19
19

19
19
19
-•i

20
20
20
20
i.0
23
23

'23
23
23
23

•P.

68

Length
of COi
treat

ment

Hours
22
22
23
24
25
22
22

23
23
22
23
24
46

47
48
24
25
20
26
26
26
24
26
27
47
47
49
•!-.

45
48
45

72

Pressure test

Before
CO,

treat
ment

Ounces

9.8
9.3
9.8
9.3
8.3

After
CO,

treat
ment

Ounces

7.7
9.9

10.7

0.5
9.3
B.4
9.5

10. I

9.1

9.3

9.8

Control

Ounces
7.3

4.1

11.6

Flavor

After CO, treat
ment

Slightly Hat
7.6 do
0 i Less flavor..
7.3 do '"
6.8 Good
8.5 do ""'"
6.6 do
7.9 do
8.9 do

do "
' Less aroma

Qood
do
do
do
do
do
do "
do
do

Off
Fair

do "
Poor

. Fair
Good

5.7 do
Distinctly off....
Good
Distinctly off
Insipid
Less aroma

Control

Good....
—do
...do
...do
—do
...do
...do
—do
...do
...do
...do
...do
...do
...do
...do
—do
...do
...do
...do
...do
—do
Poor

...do
OH
Fair

—do
Good
Poor
Good....
...do
—do
...do
-do

Development of rots

Increase In diam
eter of Botrytis
colony

After
CO,

treat

ment

Mm

Control

Mm

Infections from
Rhizopus inocu
lations

After
CO,

treat

ment

Per cent

Control

Per cent

67

65

H
W
Q

a

Q

P
W

b
w

S
•A

w
-i
H

O

>
a
a
>-«

a

s
a



U. S. D. A. Nos.'450and608
Missionary
Klondike-Howard 17 (cross)
Heflin -
Aroma
U. S. D. A. Nos. 450and 668
Missionary -
Klondike-Howard 17 icross)
Ilellin
Aroma..
U.S. D. A. Nos.450and Of*.
Missionary
Klondike-Howard 17 (cross)
Heflin
Aroma -
U. S. D. A. Nos. 450 and 668.
Missionary
Klondike-Howard 17 (cross)
Heflin -
U. S. D. A. Nos. 450 and 668.
Missionary

Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do
Do

May 27,
Apr. 9,
May 31,
May 25,
May 17,
May 27,
Apr. 9,
May 31,
May 25.
May 17,
May 27,
Apr. 9,
May 31,
May 25.
May 17,
May 27,
Apr. 9,
May 31,
May 25.
May 27,
Apr. 17,
Apr. IS,
Apr. 23,
Apr. 17,
Apr. 18,
Apr. 23,
Apr. 1\
Apr. 23,
Apr. IS,
Apr. 23,
Apr. IS,
Apr. 23.
Apr. 18,
Apr. 23.
Mar. 27.
Apr. 3,
Mar. 19,
Mar. 27,
Apr. 3,
Mar. 27,
Apr. 3,
Mar. 27,
Apr. 3,
Mar. 27,
Apr. 3

.do

1929
1928
1928
1928

1929
1929

1928
1928
1928
1929

1929
1928
1928

1928
1929

1929
1928
192S
1928
1929

1</_"•>

192S
1928
1928
1928
1928
1928
1928
1928

192S
1928
1928

1923
1928
1928
1928
1928
1928
1928
1928
1928
1928
1928
1928

1928

Mar. 19,1928
do
do

23
t23

23
23
23
23
23
23
23
23
23
23
23

23

23
23

23
23
23

23
37
37

>37
:•;:

37
»37

37
»37

37
»37

37
37
37

37
4(1

46

40

46

46

46
40
4li
46
46

46
46

«46-23
•46-23
« 46-23

68
69
69
69

59
59
50
50
50
50

50
41
41
41

41

41

36. 5
30.5
36.5
32
77
77
77
68
68
68
59
59
50
50
41
41

36. 5
36.5
77
77
••«

68
68
50
59
50
SO
41
41

36. 'r'
59

50
41

22
96
47
72
22
22

120
47
73
26
23

124
92

100
26
24

124
92

100
25

24

24
26
24

24
26
48
50
72
98

140
100
140
100

24

24
24
24

24
48
27
53
51

53
72

41
41
41

9.3
8.3

9.8
9.3
8.3

9.8
9.3
8.3

9.8
9.3
8.3

9.8
0.7

12.2
9.8
9.7

12.2
9.7

12.2
9.7

12.2
9.7

12.2
9.7

12.2
12. S
9.1

S.6
12.8
9.1

12.8
9.1

12.8
9.1

12.8
9.1
9.1
8.6
8.6
8.0

' This jar had no change of atmosphere during the experiment.
: During the 15 hours following the tirst 0 hours, 32 per cent instead of 23 per cent.

12.8
13.2
9.3

12.6

12.5
11.8
10.5

9.2

13.4
13
12.7
13

11.3

15.4
12.5
13
14.3
11.2
11.3
10.5

10.1
10.2
io. a
11.9
14.5
12.3
13.6
13
13.6
11.4
15.8
12. 1

11.3

10.2
11.2

9

12. 9

11.9
12.4
10.8
13.4
11.3
10.5

12.3

11.6
10. S

12
8.2
9.1
7.9

13.3

9.4
10.4

12.7
12.7
11.4
9.3

10.4
11.8
9.5

10.7
9.7

10.2
5.9

10.7
9.3
9.2

8.4
8.3

11.6
14.9

11.3
14
12.3
14.8
9.9
4.6
9

11.2
8.3

12.3
10.2
10.7
11.8
13.9
11.3

9.9
10.1
11.2
11.0

.do.
Good.
Distinctly ofT-.
Fair
Good
....do
Slightly off
Lacking flavor.
Good
....do

.do.
do
do'

Oil a trace..
Good
—do.

do»
...do"
Oil a trace '.
Good
Fair

do
Good
Fair

do
Good
Fair
Good

do
Fair
flood
Fair'
Slightly off..
Goo'.l i

do
Poor
Good

do.
Sightly ofT.
Good
Slightly off.
Qood

do
do
do
do'
do
do
do

.do.
do

...do

...do
do

.do.

.do.
...do
...do

do....
do

...do

...do

...do
do....

-do.
.do.

...do

...do
do..

Fair
...do
Good...
Fair

...do....
Good...
Fair
Good...

...do
Fair
Good. . . j
Fair
Good

...do
do

Fair-
Good,
.do..

...do.

...do.

...do.

...do.

...do.

...do.

...do.

...do.
do.

....do.
. ...do.

7.5
6

r..5

7.0

3.5
4.5
3.7

7.5
4
4.5

9

i.a
5
3
a

4
1.1

1
0
1.6

4
2.3

» During the 15 hours following the first 6 hours, 63 per cent instead of 37 per cent.
• 46 per cent for 24 hours followed by 23 per cent for 17 hours.
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Table 1 shows that atmospheres containing 10 to 13 per cent of
carbon dioxide had little inhibiting effect upon Botrytis grown on
culture media, whereas atmospheres with17to 19per cent of carbon
dioxide had a checking effect approximately equivalent to that of
a drop of 18° F. in temperature. With 23 per cent of carbon dioxide
both ^Botrytis and Khizopus were almost completely inhibited in
most instances both on the culture media and on the truit. (Tables
1 and 2.) On culture media Botrytis was more completely inhibited
than was Rhizopus, whereas on the fruit the reverse condition held.
With 37 per cent of carbon dioxide Botrytis was held completely in
check at all temperatures, and with one exception this was also true
of Khizopus.

The records on resistance to pressure at the close of the experiment
were taken while the fruit was still cool. This, no doubt, accounts
for some of the instances in which the pressure was higher at the
close of the experiment than at the beginning (15). Atmospheres
containing 10 to 13 per cent of carbon dioxide did not seem to have
any pronounced checking effect upon the softening of the fruit, but
those containing 23 per cent or more of carbon dioxide largely, if
not entirely, prevented softening at all temperatures. At the higher
temperatures there was usually a marked difference in firmness be
tween the treated and the control fruit at the end of the experiment.
It was found that this difference was maintained for a considerable
time after the removal of the fruit to the same atmospheric con
ditions.

The small number of berries included in the tests and their wide
individual variation made the determination of difference in flavor
particularly difficult and the results, perhaps, somewhat unreliable.
It will be noted that in the experiments carried out in 1929 and 1930
injury was obtained with lower percentages of carbon dioxide and
yith shorter treatments than in the experiments of 1928. In some
instances this may have been due to the variety of berries, but the
'writers are convinced that as the work progressed they developed
a much more critical sense of taste and that this accounts partly for
the inconsistent results. In the experiments of 1928 no injury to
flavor was detected after subjecting Missionary berries to atmospheres
containing 23 per cent of carbon dioxide for 48 hours at 77° or C8° F.,
96 hours at 59°, or 124 hours at 41°; andno injury was detected after
exposure to 37 per cent of carbon dioxide for 24 hours at 77° or 68°,
48 hours at 59°, 72 hours at 50°, or 100hours at 41°. In the experi
ments of 1930 a reduction in aroma was noted in Missionary and
Dunlap berries after exposure to 17 percent of carbon dioxide at 68°
for 23 hours, and in the experiments of 1929 a similar change in
U. S. D. A. No. 450 was noted after exposure to 10 per centof carbon
dioxide for 23 to 24 hours at 50° and 41°. The writers believe
that the results of 1928 could be duplicated if individuals of average
taste discrimination were thejudges, butin light of laterexperiments
they are of the opinion that in some instances there may have been
a loss of flavor in the 1928 experiments that was not detected at the
time the experiments were made.

The varieties with a relatively high aroma were the most suscepti
ble to injury from carbon dioxide. The Heflin, U. S. D. A. No. 450,
and Aroma were more susceptible than were Missionary and Klon
dike.
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Strawberries showed a greater endurance of carbon dioxide treat
ments at lower temperatures than at higher ones. The differences
were fairly consistent with the usual physiological responses to tem
perature.

STRAWBERRIES IN PONY REFRIGERATORS

The pony-refrigerator experiments were carried out as described
under Methods and Apparatus (p. 7) and the inoculations were
made as described under Strawberries at Constant Temperatures
(p. 9). -In addition to the Petri-dish and disk inoculations, berries
that were already rotten from Botrytis were placed at various poi"J
in the baskets, and at the close of the experiment n record was (a
of the number of berries infected by contact with the rotten fruit.

The result of the various pony-refrigerator experiments are she
in Table 3 and in Figures 1 to 7, inclusive.

Takes y.~

shown

-Condition of strawberries held in pony refrigerators with solid carbon
dioxide as a supplementary refrigerant

Ice

Solid
CO>
used

Pres
sure

test
npon

remov

al

Flavor upon
removal

Ber
ries

frozen

Botrytis rot

Figure
reforonco • At be

gin
ning

At
end

Diam
eter of
Petri-
dish
colo
nies

In
crease

in di
ameter

of
disks

Aver

age In
fec

tions
from
one

rotten

berry

On un-
inocu-
lated

berries

Rhizo
pus

on un-

iuocu-
lated

berries

Fig. l: Lbs.
135
105
90

75

135
125

120
110

135

120
110
100

Ml
119
119
110

183
156
144

161
145
101

163
147
94

Lbs.
0

15

16
20

0

0
1
0

16
32
40
47

36
42
23
44

M
07

73

62
66
67

22
23

37

Lbs.
0

30
45

60

0
10
15
25

0

IS
25
35

0
16
20
30

0
16
18

0
15
35

0

7

12

Oi.
9.1

12.5
12.1
12.2

9.1
10.2
9.9

10.4

8.9
9.4
8.7

11.4

8.7
11.1
11.9
13.2

8.3
9.6

11

9.7
14.6
15.3

7.3
9.6
8.6

Per
cent

0

4
16

29

0

0
2
6

0
.6

6.7

0
0
9
9

0
0
0

0

Mm

i.i
0

i

Mm
8

3
4

3

Hum-
bet
1.8
.3
.2
.1

3.2
2.3
1.7
1.8

2.5
.5

1.8
.6

1.3
0
0
0

Per
cent

11.7
0

3.6
2.7

24.9
24.8
18.6
22.8

2

1.4
1.2
1.2

.4

.3

.4
0

2.9

.5

0

12
8.9
7.0

42.9
21.7

32.1

Per
cent

6
c

d . ..
Fig. 2:

do
Reduced aroinii

Oood

10.8
8

10

5.4
2.8
3.6
2.5

27.2
34.2
31
27. S

17.0
12
9.6

8.8

6
c

d
Fig. 3:

do
Reduced aroma

6
c

d
Fig. 4:

2

0

0

u

27

11.5
12

b Reduced aroma

d Had
Fig. 5:

a Good
6 Reduced aroma

do
10.1

e

Fig. 6:
a Good
6 do

Off flavor'c 1

0

0

0

Fig. 7:
a Oood 5.8

3.0
3.6

6
c

do
do ::::::

« For data on variety, COj, temperature, and longth of treatment, see Figs. 1 to 7, Inclusive.
1 After 3 days at 50° F. the objectionable flavor hod disappeared.

In most cases two recording thermometers were used in each re
frigerator, thus giving opportunity for comparing the temperatures
in different parts of the same container. In the control the top
layer was sometimes a few degrees warmer than the bottom, es-
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pecially at the beginning and near the close of the experiment. The
middle layers were always warmer than the top layer, and the fruit
in the corners was always warmer than that in the center, near the
vertical pan.

Where solid carbon dioxide was used, the top layer of fruit was
usually ascold as, and sometimes colder than, the bottom layer; and
where the solid carbon dioxide was placed in the corners of the top
refrigerating pan, the difference in temperature between the fruit in

the center and that in the corners
was much less than in the control.

When freezing injury resulted

Fiodbb 1.—Carbon dioxide curves and
temperature curves In an experiment
with Klondike strawberries in pony
refrigerators, Cbadbourn, N. Cy May 10
to 13, 1928: o, Control refrigerator
with 135 pounds of ice; 6, refrigera
tor with 105 pounds of lco and 80
pounds of solid C0S; o, refrigerator
with 90 pound8 of ice and 45 pounds
of solid COs; d, refrigerator with 75
pounds of Ice and 00 pounds of solid
COB (no record of C03 percentage) ;
e, outside temperature. The thermo
graphs were in the top layer of baskets

AfjtyM /tfl'w sc4rjo sr^r&r

Figure 2.—Carbon dioxide curves and tem
perature curves In an experiment with Klon
dike strawberries in pony refrigerators,
Chadbourn. N. C, May 28 to 31, 1928: a,
Control refrigerator with 135 pounds of ice;
b, refrigerator with 125 pounds of Ice and
10 pounds of solid C03; o, refrigerator with
120 pounds of Ice and 15 pounds of solid
CO»; d, refrigerator with 110 poundB of Ice
and 25 pounds of solid C02; e. outside tem
perature. The temperaturi'B shown arc the
average of records from the top and bottom
layers of baskets

from the use of large amounts of solid carbon dioxide it was mostly
in the top layer and usually worse in the center than in the corners.

Despite the fact that the use of solid carbon dioxide sometimes
resulted in freezing injury, the temperature curves of Figures 1 to
7 do not indicate that it greatly lowered the average temperature in
the boxes. However, by the proper placing of the solid carbon di
oxide it was found possible to bring about a significant lowering of
the temperature in the warmer parts of the refrigerator without
causing freezing injury in the colder parts.

The most significant differences in temperature came at the close
of the experiments in cases where the outside temperature was high or
the storage period prolonged. In such cases the temperature of the

' 17T*•---.iit~~"~ • '
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control rose earlier and more rapidly than that of the refrigerator
containing solid carbon dioxide. A reason for this is found in the
amount of ice left in the different boxes at the close of the experi
ments, as shown in the third column of Table 3. The carbon dioxide
gas apparently had an insulating or blanketing effect that tended
to check the action of the refrigerants, thus limiting the initial rate
of cooling but extending the possible period of refrigeration.

The carbon dioxide content of the air in the control refrigerator
was tested at various times and usually found to be 1 to V/z per cent.

16*

\+o
i \

\ i f\
i
i
i

i
i
i
i

i
i

i

FlOURB .'!.—Carbon dioxide curves and
temperature curves in an experiment
with strawberries from United States
Department of Agriculture breeding
plots at Glenn Dale, Md., In pony re
frigerators, June G to i), 1928. The
records were made on crosses Now. 122
and 1!)7: a, Control refrigerator with
180 pounds of ice; b, refrigerator with
120 pounds of Ice and 15 pounds Of
solid C0«; o, refrigerator with no
pounds of ice and 25 pounds of solid
CO«! d, refrigerator with 100 pounds
of Ice and 88 pounds of solid C03; e,
outside temperature. The thermo
graphs were In the top layer of baskets

x
X

^
v<*\

I/S/vSvw t/C#tttfV7 ^MWtf

FIGURE 4.—Carbon dioxide curves and
temperature curves in an experiment
with strawberries from United States
Department of Agriculture breeding
plots at Glenn Dale, Md., in pony
refrigerators. June 16 to 18, 1028: a.
Control refrigerator with 111 pounds
of Ice; 6. refrigerator with 119
pounds of ice and 15 pounds of solid
CO.. (no temperature record) ; c, re
frigerator with 110 pounds of Ice
and 20 pounds of solid CO«j d, refrig
erator with 110 pounds of ice and :<0
pounds of solid C03; c, outside tem
perature. The thermographs were In
the top layer of baskets

The percentage of carbon dioxide gas in the refrigerators in which
solid carbon dioxide was used is shown in the upper portions of
Figures 1 to 7. Little difference was found in the carbon dioxide
content of the air in the different parts of the same refrigerator.
The records as reported are based on air samples taken from near
the center of the refrigerator.

As would be expected, there was a fairly close relationship be
tween the amount of solid carbon dioxide used and the percentage
of carbon dioxide gas in the air. There is, however, considerable
variation in the character of the curves, as shown in Figures 1 to
7. Part of this variation was due to the fact that the solid carbon
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dioxide was not always broken up to the same degree of fineness, and
also that in a few cases free downward movement of the gas was
somewhat checked by the containers in which the solid carbon
dioxide was held.

It will be seen that the percentage of carbon dioxide gas mounted
rapidly as soon as the refrigerators were closed; a maximum was
often reached within half an hour, followed by a rapid drop a few
hours later. During the first 6 to 10 hour.s the carbon dioxide

SI
£ 60

\
A
1
1

1
1
1 \ r

1
1
1

1

1

. 1

\ «v^.

/rJ&.4

FlGUBB 5.—Carbon dioxide curves and tem
perature curves in an experiment with
Missionary strawberries in pony refrig
erators, Plant City, Fla., March 4 to 7,
1929: a, Control refrigerator with 183
pounds of Ice; b, refrigerator with 156
pounds of Ice and 10 pounds of Bolid
C02; c, refrigerator with 144 pounds of
ice and 18 pounds of solid COj. The
refrigerator In o, had better insulation
than the others, held 75 quarts of ber
ries Instead of 80 quarts, and bad Ice
pans on the side Instead of on top and
In the center. On March 4 the maxi
mum outside temperature was 87° P.,
the minimum 66* ; on March 5 the
maximum was 74°, the minimum 54° ;
and on March 0 the maximum was 09°
and the minimum 43°. The berries
used in the experiment were from the
experimental plots of A. N. Brooks

<5

S CO

r

n

fef\
h

Sk.

Fionas 6.—Carbon dioxide curves and
temperature curves in an experiment
with strawberries from the United
States Department of Agriculture
breeding plots at Glenn Dale, Md., In
pony refrigerators, May 22 to 25, 1920.
The records were made on crosses Nos.
25 and 820 and on Missionary straw
berries : a, Control refrigerator with
1G1 pounds of Ice; 6, refrigerator with
145 pounds of Ice and 15 pounds of
solid COj! c, refrigerator with 101
pounds of Ice and 85 pounds of solid
CO*, The refrigerator in c had bet
ter Insulation thnn the others and
lacked the vertical Ice pan described
for the standard refrigeration. The
temperatures shown are the average
of records from the top and bottom
layers of baskets. On May 22 the
maximum outside temperature was 68°
P., the minimum 40° ; on May 23 the
maximum was 75°, the minimum 45" :
and on May 24 the maximum was 77*,
the minimum 00°

content was usually 40 to SO per cent, but by the end of 24 hours it
had usually dropped below 10 per cent, and often to 1 or 2 per cent.

In cases where the carbon dioxide content of the atmosphere had
fallen to 25 per cent within 12 hours and to 10 per cent within 24
hours, no injury to the flavor of the fruit could be detected; but in
most instances where those percentages were exceeded there was
either a loss of flavor or, in the more extreme cases, a definitely dis
agreeable flavor. In the three instances where 12 pounds or less of
solid carbon dioxide was used and in three of the five instances where
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15 or 16 pounds was used, the flavor of the fruit was not affected.
Kapid cooling seemed to decrease the probability of injury; this is
in agreement with the differences in results at various constant
temperatures, as shown in Table 2.

Sample lots of fruit, after removal from the various refrigerators,
were held for later tests of flavor. In a few instances berries lack
ing in aroma upon removal re
gained their normal flavor, but in
most instances they failed to
do so.

Increasing the carbon dioxide
content of the storage air had a
very significant effect on the firm
ness of the fruit. Disregarding the
results of the experiments in which
the flavor of the berries was af
fected, the average resistance to
pressure at the end of the experi
ments was 8.7 ounces in the control
refrigerators and 11.2 ounces in the
refrigerators containing solid car
bon dioxide. There was usu
ally a corresponding contrast in
the number of extremely soft
berries.

The effect of the solid carbon di
oxide upon the rot organisms was
equally significant. Excluding the
instances in which the flavor of the
fruit was affected, the average
growth of the rot organisms was
reduced more than 50 per cent in
all the inoculation tests; the aver
age growth of the Botrytis rot on
the uninoculated fruit was reduced
more than 30 per cent, and that of
the Rhizopus rot on the uninocu
lated fruit was reduced more than
50 per cent. Apparently these re
ductions werelargely due to differ
ences in the carbon dioxide of the atmosphere rather than to differ
ences in temperature.

STRAWBERRIES IN REFRIGERATOR CARS

In other experiments solid carbon dioxide was used in car-lot ship
ments. The method of handling the material is described under
Methods and Apparatus (p. 7). The methods of inoculation were
the same as those used in the pony-refrigerator experiments (p. 3)
A record was included of the rot development on the uninoculated
fruit.

The temperature and carbon dioxide records are shown in Figures
8 to 11, inclusive, and the icing records and time and place of ship
ment are given in the legends to these figures.

11S249—32 3

s-f^rjo M^yj/ ^/USS£/

locifBH 7.—Carbon dioxide curves and
temperature curves In nn experiment
with strawberries from the United
Mates Department of Agriculture
breeding plots in Glenn Dale, Md., In
pony refrigerators, May 29 to June 1,
1928: a, Control refrigerator with
163 pounds of ice; b, refrigerator
with 14/ pounds of ice and 7 pounds
of solid CO.; c, refrigerator with 94
pounds of ice and 12 pounds of solid
COg. The refrigerator In 0 was the
same as described under o of Figure 6.
The temperatures shown are the aver
age of records from the top and bot
tom layers of baskets. On May 29
the maximum outside temperature was
•S3" P., the minimum 70° ; on May 30
the maximum was 85°, the minimum
07° ; and on May 31 the maximum
was 92°, the minimum 09°
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. The use of solid carbon dioxide tended to lessen the melting ofthe
ice. (Figs. 10 and 11.) Apparently this was due largely to the
nisulating or blanketing effect of the carbon dioxide gas, since the
differences in temperature between the cars were not great enough to
cause any decided difference in the melting of ice.

The temperature curves show that the top of the load cooled some
what more rapidly in the test cars than it did in the controls. In
some instances this was true of the bottom center of the cars also,
but the bottom next to the bunker was usually as warm in the carbon
dioxide car as in the control car. There was thus a slighttendency to
equalize the temperatures of the different parts of the load. This

may havebeen at least partly due to the
fact that the solid carbon dioxide was
placed directly above the load. There
is indication in some of the curves that"

/?sr. . ,-g/y <t>s* . si/v s?/y

Figure 8.—Carbon dioxide curves
and temperature curves in an ex
periment with Klondike straw
berries shipped In standard re-

• frigerator cars from Chadbourn,
N. C., April 27, 1927. The broken
lines give the records for the test
car, the solid lines the records for
the control car: to, Top center;
tb, top bunker; bo, bottom center;
66, bottom bunker. 319 pounds of
solid C03 was used. It was held
In a box in the center of the car
about 4 Inches above the top of
the load. The recording ther
mometer for the top center of the
car was beneath this box

the use of the solid carbon dioxide in the main body of the car
sometimes caused the air movement in the bunker to be reversed for
short periods, making the current pass upward and out at the top
instead of moving downward and out at the bottom.
. The carbon dioxide content of the air mounted rapidly in the test
car as soon as the car was closed, reaching or nearing its maximum
in one or two hours. In the experiment reported in Figure 9 the
carbon dioxide remained below 10 per cent; in that shown in Figure
8 it stayed near 15 per cent for several hours and above 10 per cent
for about 12 hours; in Figure 11 it reached a maximum of 20 per
cent and remained above 10 per cent for about 18 hours; in Figure
10 it reached a maximum of 30 per cent and stood above 10 per 'cent
for 15 to 25 hours, depending on the location in the car.

ttsras sura* stores st*r*7

Figurs 9.—Carbon dioxide curves and temperature
curves in on experiment with Heflin strawberries
snipped In standard refrigerator cars from
Onley, Va., May 23, 1927. The broken lines give
the records for the test car, the solid lines the
records for the control car; tc. Top center; tb,
top bunker; be, bottom center; 66, bottom
bunker. 283 pounds of solid COj was used In
the test car. It was held about 6 inches above
the load In three boxes, one In the center of the
cur and one In each end nt n distnnce of about
5 feet from the bunker. Care was taken that the
thermometers should not be locnted under the
solid CO». Each car contained 224 crates of
berries
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In the experiments reported in Figures 8 and 10 there was a
greater concentration of carbon dioxide in the top center of the
car than at other points but in the experiments of Figures 9 and U
this does not appear to have been the case fc

The percentage of carbon dioxide gas was affected by the tightness
nmn!^1, f *r5 Mfc ^W"* (,fs<)li(1 ^rbon dioxide usel Tl eamounts of so id carbon dioxide reported in the legends for Figures
10 and 11 probably would not be advisable with strawberries hmded
in new cars or in cars that had recently been reconditioned

A. number of analy- ^
ses of the carbon diox
ide content of the air in
the control cars were
made, and it was usu
ally found to be below 1
per cent and never
above 1.75 per cent.

The fruit in all the
cars was critically
tested at destination for
anything unusual in
taste, but nothing could
be detected. In some
instances there was a
suggestion of less ma
turity in the fruit of the
test car, but this seemed
to he a real maturity
difference as shown in
the firmness of the fruit
rather than a definite
reduction in aroma as
mentioned in the discus
sion of the pony refrig
erator experiments (p.
17).

For the records on
firmness and rots, as
shown in Table 4, twoor
S^ffSf lfiovndy graded berries were selected at the shipping
point and the 64 or more baskets from these crates were substituted
for other baskets mdifferent parts of the car. At destination these
baskets were reassembled for note taking. This arrangement .rule
t possible to obtain arecord on comparable lots of berrS locatedit
S10 i7i\ P/1*! °t ^eiW0 Cars- In the experiments of F^ res
r1ii?A H • TUt ?f thS tcst cratcs afc &* time of shinpin r vSdistinctly riper and softer than was the average for the load The
o?tne'bm^ °of'H :ilC ST*"^ Sh™ the Edition ofleVors?°Jf he,fn of thc re^ll:l1I: shipment upon arrival at destinationrather than the average condition of the load. In the experiment of
Figurei 9the results, as shown in Table, 4, give a good picturfofthfgeneral condition of the fruit in the two cars, f ^
he fruit was somewhat soft and overripe .,( the time of loading aSd

the slnpment was on (he road practically four days. '
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-Carbon dioxide curves and lemperature
an experiment win, Klondike strawberries
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• lit,.,, II. « 11 ' *"- ""<" i\mici Ke Ktr;shinned In refrigerator cars from Chndburn N. C. May
;..; P?& .J,,1 ,,::,:k"!1,Ilnes s»ye the records 'f0i •oar, ,l,o solfd lines' the reco^ for STSKtS $& V
lop center; lb, top bunker; bo, bottomi center •' hh'

bo ton, bunker 708 pounds of solid CO?w used In
the test car It w„s held on a scaffold in the center

sol"i;il<;iU'oal""U ,4 '"cJ"'a nb<>ve ^0 load. Thll «...
noinf •., "('1; cVnt ,,f SilIt ndded at the shippingpoint. I he control car required a total of :'.!>() nounda
more ice at the relclng stations than did the carbondioxide ear. Each car contained 22-1 crates of gffiS
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Table 4.—Condition of strawberries after shipment in standard refrigerator ears with solid carbon dioxide as a supplementary refrigerant

Figure
reference1

Pig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Average.

Location in car

Top center
Top bunker

Average top of car.
Bottom center...
Bottom bunker

Average bottom of
car.

Average for car....
Top center
Top bunker.

Average top of car-
Bottom center
Bottom bunker

Average bottom of
car.

Average for car....
Top center... _
Top bunker

Average top of car.
Bottom center
Bottom bunker

Average bottom of
car.

Average for car
Top center
Top bunker

Average top of car-
Bottom center..
Bottom bunker

Average bottom of
car.

t Average for car....
Top of car

, Bottom of car
Entire car

Flavor upon
removal from—

Tcst car

Qood.
..do..

.do..

.do..

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

Control
car

Oood.
..do..

..do.

..do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

Pressure
test upon
removal
from—

Test
car

Oz.

4.6
3.8
4.2
5
4.8
4.9

4.6
12
13.1
12.6
12.7
15.5
14.1

13.3
12.3
12.1
12.2
11.1
13.5
12.3

12.3
9.7

10.4
10.1

Con
trol
car

Oz.

3.7
3.4
3.6
2.8
3.1
3

3.3
8.5
9.7
9.1
9.7
9.1
9.4

9.3
11.3
10.7
11 .
11.1
9.5

10.3

'oi-

lO. 7
7.9
7.6
7.8

Soft and
overripe
berries
upon

removal
from—

Test
car

P.et.
15.8
30.7
23.3
25.7
12.8
19.3

21.3
34.2
45.5
39.9
34.4
27.5
31

35.4

31.6
25.2
28.4

Con
trol
car

P.ct.
44.8
18.8
31.8
37.9
35.6
36.8

34.3
53.6
38.8
48.2
28.9
46.6
37.8

42

39
37.3
38.2

Botrytis rot
Rhizopus
rot In un
inoculated

berries
from—

From disk
inocula
tions on
berries
from—

Test
car

P.ct.

Con
trol
car

P.ct.

0
100

50
60
60
60

55

Average In
fections

from one
rotten berry

in-

Test
car

No.

0.5
3.1
1.8
.7
.5
.6

1.2
.7

1.8
1.3
.3
.2
.3

Con
trol
car

JVo.

4.3
4.8
4.6
5.3
2.8
4.1

4.3
3
2.8
2.9
1.5
2.7
2.1

*
2.5

3.8
3.1
3.4

In unin
oculated
berries
from—

Test
car

P.ct.

5
12.9

9
1.4
1.3
1.4

5.2
.5

1.1
.8
.4
.2

Con
trol
car

P.ct.

12.6
14.9
13.8
17.1
11.5
14.3

14
3.4
0
1.7
1.2
.4
.8

1.3
7.8
7.6

Test
car

P.ct.

22.1
15.1
18.6
12.3
10.4
11.4

15
2a 5
25.4
23.0
14.6
18.1
16.4

19.7
20.8
13.9

.6
4.9
.9

2.9 7.7 | 17.4

Con
trol
car

P.et.

31.2
22
26.6
11.8
11.9
11.9

19.2
24.3
33.9
29.1
15
18
16.5

22.8
27.9
14.2
21

' For data on variety, CO), temperature, and length of treatment, see Figs. 8 to 11,inclusive.

Total rot
In unin
oculated
berries
from—

Test
car

P.ct.
1.3
0
.6

3.5
1.6
2.8

1.6
3.9

12.2
8.1
4.2
2.1
3.2

5.6
27.1
28
27.6
13.7
11.7
12.7

20.2
21
26.5
23.8
16
18.3
16.7

20.3
15.0
8.8

11.9

Con
trol
car

P.ct.
28.8
64.3
45.6
16.4
19.8
18.1

31.8
2a 8
28.8
24.7
3.2
4.6
3.9

14.3
43.8
36.9
40.4
28.9
23.4
26.2

33.3
27.7
33.9
30.8
16.2
18.4
17.3

24.1
35.4
16.4
25.9

Remarks

Record taken 12 hours
after removal from cars.

.Record taken immediately
after opening of cars.

The treated carload was
opened 19 hours later
than the control. Rec
ord taken immediately
after opening in each lot.

Record taken immediately
after opening of cars.
The top bunker record
for the carbon dioxide
car was from third layer;
that for control car from
second layer.
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Astudy of the total averages in Table 4shows that while the per-
centage of Botrytis infection in the inoculated fruit was small it
was three and one-half times greater in the control cars than in the
test cars. 1 he Botrytis rot in the uninoculated fruit was two and
one-half times greater in the control cars than in the test cars, and
the Rhizopus rot 20 per cent greater. '

The fruit in the test cars showed a resistance to pressure 29 per
cent greater than did that in the control cars and had 26 per cent
fewer berries that were too soft for satisfactory marketing *
., 1Jfcro wasJess development of Botrytis rot and less softening of
the fruit in the top of the test cars than at the bottom bunker of the
control cars. The average
temperature at the bottom
bunker of the control cars
was about 13 degrees lower
than the average temperature
in the top of the same cars,
yet the solid carbon dioxide
had a greater inhibiting ac
tion upon both the growth of
Botrytis rot and the soften
ing of the fruit than this 13-
degree lowering of tempera
ture. When it is realized that
both the solid carbon dioxide
and the carbon dioxide gas
had almost entirely disap
peared by the time the trip
was one-third to one-half
completed, the efficacy of the
treatment is still more em
phasized. The difficulty of
controlling Botrytis rot by
meansof lowtemperatureshas
been one of the discouraging
features in strawberry ship
ments; the results of the ex
periments just described give
promise of a practical solution.

Part of the beneficial effect
of solid carbon dioxide on the
fruit was due to actual differences in temperature; but the curves in
figures 8 to 11, inclusive, and the reduction in the rots and in the
softening of the fruit in the bottom of the test car. as well as in
the top, indicate that it must have been largely the result of the
inhibiting action of the carbon dioxide gas.

PEACH EXPERIMENTS

Experiments similar to those already described for strawberries
were made with peaches. The firmness of the fruit was determined
3? i a ]?ZTur?Jcst?r by the methods described by Magness and
Taylor (22). The determination of the flavor of the fruit at the
close of an experiment was almost as difficult as with strawberries

n
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FlODBE 11.—Carbon dioxide curves nnd tem
perature curves in an experiment with Klon
dike strawberries shipped in standard re-
ftigerntor cars from Chndbourn, N. C, May
14, 1028. The broken lines give the records
ror the lest car, Hie solid lines the. records
for the control car: tc. Top center; to. top
bunker; be, bottom center; bb, bottom
bunker; 1,084 pounds of solid CO. was
used In the test car. It was hold on n" scar,
lold In the center of the car about 14 Inches
above the loud. Iloth cars received 2 per
cent of .sail at the shipping point and at nil
rolclng stations. The control car required n
total of 800 pounds more Ice at the rclclng
stations than the carbon dioxide car. Kadi
car contained 237 crates of berries, making
the loads three layers high at the bunkers,
riie top bunker record for the carbon dioxide
car was from the third layer, whereas that
from the control was from the second layer
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and debatable points were settled in a similar manner (p. 8). As
with strawberries, the first objectionable result of the carbon dioxide
treatments was a slight loss of aroma. With more prolonged and
severe treatments there was a still greater loss of normal peach
flavor, often accompanied by the development of definitely objec-

•tionable flavors.
In the study of the behavior of the peach rots two different meth

ods of inoculation were used. In one, the spores were pushed into
the fruit by means of a needle, and two punctures were made in
each peach; in the other, 10 punctures were made in each peach with
No. 18 wire (paper-clip wire), and the peaches were then inoculated
by rolling them gently back and forth in large paper bags together
with rotten but firm peaches that were heavily covered .with spores.
The peaches inoculated by the second method are referred to in the
tables as "Monilia dusted."

Inoculations were made with Rhizopus and Monilia. The Rhi
zopus was obtained from the same source as that reported for straw
berries (p. 8) and was therefore known to be R. nigricans. The
Monilia was obtained from an active peach rot and identified as
Sclerotinia fructicola (Wint.) Rehm.

PEACHES AT CONSTANT TEMPERATURES

The effect of carbon dioxide upon peaches was tested at various
constant temperatures. From 5 to 15 peaches, usually 10, were used
under each condition. The peaches were selected individually and
with great care in order that those to be compared under different
conditions should be as nearly alike as possible in maturity, firmness,
size, color, and freedom from injuries. The results of the experi
ments are shown in Table 5.

Duplicate treatments did not always have the same effect on the
flavor, a fact indicating that no sharp line can be drawn as to the
tolerance of peaches for carbon dioxide. At G8° and 77° F. a change
in flavor sometimes resulted from exposure for 24 hours to atmos
pheres containing 25 per cent or more of carbon dioxide, and at 50°
and 59° from exposure for 48 hours to atmospheres containing 30
per cent of carbon dioxide; yet in many instances much more severe
treatments were given without the detection of any change in flavor.

High percentages of carbon dioxide were more injurious than
lower ones; yet, with concentrations of 25 per cent or more of the
gas, the differences in injury were not particularly pronounced.

As already reported for strawberries (p. 13), there was a marked
difference between the carbon dioxide tolerance of peaches at the
higher temperatures and that at the lower temperatures. In general,
the results in Table 5 indicate that one day?s exposure to a particular
carbon dioxide treatment at 77° F. is as likely to produce objection
able flavors as two days' exposure to the same treatment at 59°, three
days' exposure at 50°, or four days' exposure at 41°. These data
are in harmony with the temperature gradients obtained in plant
responses in general and suggest a close relationship between the
general metabolic activities of the fruit and the degree of suscep
tibility to injury from atmospheres containing carbon dioxide.

^mmm.
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The carbon dioxide treatments had a decided effect upoln the firm
ness of the fruit. At the higher temperatures, atmospheres con
taining 30 per cent or more of the gas had a checking effect upon the
rate of softening approximately equal to a drop of 18° JF. in tem
perature, and at the end of the experiment the fruit had a resistance
to pressure about 50 per cent greater than that obtained in the
untreated fruit at the same temperatures. In the few tests made with
25 per cent of carbon dioxide, the differences in firmness between the
treated and the untreated peaches were practically as great as when
the higher percentages of the gas were used.

Carbon dioxide had a very significant inhibiting action upon the
development of both Rhizopus and Monilia rots with both methods
of inoculation. The extent of the inhibition was determined by
holding the fruit at the temperature at which the experiment was
made for several days after the test lot was removed from the at
mosphere containing carbon dioxide, and then comparing the
growth curves of the rots so as to determine the number of hours
the rots on the treated fruit lagged behind those on the control
fruit. The results, reported in Table 5, are for inoculations made
just before the experiment was started and therefore include the
incubation period of the rot. However, in a number of duplicate
experiments made with rots that had already started, the degree
of inhibition was found to be practically the same as in the experi
ments that included the first stages of rot development.

After removal of the fruit from carbon dioxide the rots usually
enlarged at practically the same rate as those on fruit that had not
received the gas treatment; but in some instances, especially with
the higher concentrations of carbon dioxide, normal activity was
not regained immediately upon removal from carbon dioxide, thus
indicating that the inhibitory action had extended beyond the period
of treatment.

The delay in rot development resulting from exposure to various
percentages of carbon dioxide is shown in Table 5. The columns
following those that give the hours of delay show the reduction in
the efficiency of the fungus as indicated by the ratio of the hours of
delay to the hours of treatment.

The reduction in efficiency, or degree of inhibition, was somewhat
greater at the lower temperatures than at the higher ones, but the
difference was not particularly marked.

The reduction in efficiency varied with the percentage of carbon
dioxide used and was approximately in proportion to it. No inhibi
tory effect was evident after treatment wth 5 per cent of carbon
dioxide, but with 10, 25, 30, and 37 per cent the average percentage
of reduction in efficiency during the period of treatment was equal to
approximately twice the percentage of carbon dioxide used. With
50 per cent of carbon dioxide, almost complete inhibition was obtained
during the period of treatment; in some cases a definite inhibitory
action extended beyond the time of removal. With 80 per cent of
carbon dioxide, the period of delay was nearly always greater than
the period of treatment, the fungi showing very definite inhibition
after the fruit was removed to normal air.



Variety

BeHe
Hlley.
Belle

Do.
Do....
Do....

Elberta
Belle

Do
Do....
Do....
Do

Elberta....
Belle
Elberta
Belle
Hiley
Elberta
Belle
Elberta
Hiley
Elberta
Belle
Elberta

Do
Do

Belle
Elberta

Do
Do
Do

Table b.-Effects of different percentages of carbon dioxide on peaches at various constant temperatures

Date

July 13,1927
July 1,1927
July 5, 1927
July 13,1927
Aug. 26,1927
July 18,1927
July 25,1927
Aug. 26,1927
July 18,1927
Aug. 26,1927

do
Sept. 3,1927
Sept. 10,1927
Sept. 3,1927
Sept. 10,1927
July 18,1927
Aug. 8,1927
Aug. 31,1927
Sept. 3,1927
Sept. 10,1927
June 29,1927
Aug. 31,1927
Sept. 3,1927
Sept. 10,1927
Aug. 31,1927
Sept. 7,1927
Sept. 3,1927
Aug. 23,1928
Aug. 27,1928
Aug. 30,1928
Aug. 23,1928 I

CO, In
atmos
phere

Per cent
5
5
5
5

10
10
10
10
10
10
10
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
30
30
30
30

Tem
pera
ture

P.
69
GO
50
50
68
69
69
69
60
60
41
77
77
68
68
59
59
59

59
69
60
50
60
50
41
41
41
77
77
77
68

Length
of

treat
ment

Hours
72
24
48
72
72
73
72
72
72

120
120
48
24
48
24
72
72
72
72

48
24
72
72
72
72

144
120
24
24
24
48

Pressure test

After
COj

treat
ment

Lbs.

2.9 .
2.7 |

5.4

12.8
7.7

13.9
6.4

Con
trol

Lbs.

1.4
2.4

3.5

4.7
2.7
8.5
4.3

Flavor

After COi treatment

Good
—-do "
—.do I"
. do...
Bad
Good
—do ""*
Slightly off "
Qood
Slight COj taste.!
Oood
Slight COi tas'te."
Slightly off
Slight COi taste..

do
Good
Slightly off
Oood
Slight CO- taste..

do
Good

do "
do I"

—do
—do
Slight COj taste..
-—do
Good
Overripe taste
Good
—.do "'

Con
trol

Good..
-do...
-do...
-do...

—do...
—do...
—do...
—do...
—do...
—do...
—do...
—do...
—do...
—do...
-do...
-do...
-do...

—do...
Fair....
Oood..
-do....
-do....
Fair....
Good..
-do....
Flat
Good.,

—do...
-do...

—do...
—do...

Delay In rot develop
ment due to carbon di
oxide after indicated

inoculation

Monil
ia nee

dle

Monll
la dust

ed

Rbiso-
pus nee

dle

Reduction Inefficiency of the fungus due to COi
asindicated by ratio of hours of delayto hours
of treatment after indicated Inoculation

Monilia
needle

Indi
vidual
exper
iments

Aver
age

Monilia
dusted

Indi
vidual
exper
iments

Aver
age

Rhizopus
needle

Indi
vidual
exper
iments

Aver
age

Hours Hours
0

Hours Per cent Per cent Percent
0

Percent
0

Percent Percent

55
63

"iio"
82

4
19
15
21

16

33 l[

22

43

67

48

42
100 } «
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In most ofthe experiments, tests were carried out at several differ
ent temperatures at the same time with peaches from the same lot.
This gave an opportunity to compare the development of the rots
on the treated fruit at the higher temperatures with that on the un

treated fruit at the lower temperatures, thus
converting the inhibitory action of the carbon
dioxide into approximate temperature equiv
alents. The temperature curves of Figures
12 and 13, showing the working efficiency of
Monilia and Rhizopus at different tempera
tures, were also of aid in this conversion of
values (6). While the results have been
somewhat variable, it can be said in general
that holding peaches at 77° F. in 10, 25, 30,
37, and 46 per cent of carbon dioxide had
effects upon the rots roughly equivalent to
holding them during the period of treatment
at temperatures 12°, 22°, 27°, 33° and 40°
lower, respectively. Similar gas treatments
at 68° had inhibitory effects upon the rots
approximately equivalent to temperature re
ductions of 6°, 14°, 20°, 26° and 32°, respec

tively. Similar treatments at 59° caused corresponding inhibitions
approximately equivalent to reductions of 6°, 12°, 1G°, 22°, and 2o ,
respectively. Putting the results in more general terms, atmospheres
carrying 30 to 37 per cent of carbon dioxide had a checking effect
upon the rots theoretically equivalent to the immediate cooling of the
fruit from common summer loading tempera
tures to temperatures that are usually ob
tained only after one or often two days of
refrigeration.
' PEACHES IN PONY REFRIGERATORS

The pony-refrigerator experiments with jtt
peaches were carried out as described under «•
Methods and Apparatus (p. 7). The results |£
are shown in Table 6 and m Figures 14 to 21,
inclusive.

The use of solid carbon dioxide as a supple
mentary refrigerantusually resulted in lower
temperatures and more rapid cooling, but pos
sibly itsmost striking refrigerating effect was
in delaying the melting of the ice. A similar #
condition has already been pointed out under the discussion for
strawberries. (P. 15.)

Judging by most of the results in the constant-temperature ex
periments with peaches (Table 5), it would hardly be expected that
the gas treatments shown in Figures 14 to 21, inclusive, would
affect the flavor of the fruit; but in several instances the peaches
were rendered insipid or developed objectionable flavors. The corre
lation between treatment and effect was not particularly close. In

jz +/ so sv *a _rr^ e«
r&v•/>£#**•&/?£&•)

Fiouus 12. — Tempernture
curves for the incubation
period of peach rots,
showing the relative effi
ciency of the fungi at dif
ferent temperatures: a,
Monilia needle Inocula
tions: b, Monilia dusted
inoculations; c. Rhizopus
needle Inoculations. (Af
ter Brooks and Cooley, 6)

FiouttE 13. — Temperature
curves based on the hourly
increase In diameter of
peach rots : a, Monilia;
b. Rhizopus. (After
Brooks and Cooley, 6)
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general it may be said that under the conditions of the experiments
peaches that were subjected to 25 per cent or more of carboS dS^
for as long a period as 24 hours were usually found at the close of
the experiment either to be lacking in flavor or to Lve adisdnctlv
objectionable taste. .In experiments where high percentagesofcar
bon dioxide were maintained for somewhat shortefperiods^eflavor
of the peaches remained unaffected.

The effect of the gas treatments upon &
the firmness of the peaches was usually ?*>
pronounced. Excluding the tests in which §
the flavor of the peaches was affected, at *
the end of the experiments the average Lo
resistance to pressure was decidedly X
higher m the refrigerators in which solid v
carbon dioxide was used than in the JjwU. . _ - ••— than .„ VI1^ .,
controls. The temperature differences be- *
tween the various refrigerators were not *

KA. J. J* l «... -. - CVisufficient to account for much of this dif
ference; it must therefore be attributed
largely to the effect of the gas.

The carbon dioxide gas also had a very
decided inhibiting effect upon both Rhi
zopus and Monilia rots. (Table 6.) In
most instances the peaches were held at
a temperature of 59° F. for several days
after removal from the pony refriger
ators, and daily measurements of the rots
were taken during this period. On the
basis of growth at this temperature, the
rots on the fruit from the various re
frigerators containing solid carbon dioxide
were one to three days behind those on
the fruit from the control refrigerators
r?wS°;ml iinS/-anCeSlueSpeciaI1y with Rhizopus and with Monilia-dust inoculations, the rote were greatly decreased in number as
well as msize. Rose and Butler (29) have shown that when fungus
lairLrrr0^ .fr°m 1°1Wer,t0 hiSher temperatures Zre ifalag in growth that is correlated with, and apparently due to the
temperatures at which they had previously been held Li the preS!
to ^^^1^°WeVe\the C°ntrcl Io{s of frilit ^re subjectedlots? therS It ?m? CiTgeS m- tcmPe™ture as were the testnlat%£%££*"* °f the preV'°US temP-ature is not afactor

S ° —
AUG./*

Figure 14. — Carbon dioxide
curve In an experiment with
Hiley peaches in pony re
frigerators, August 12 to 14,
1D27. The refrigerators
were of the 32-qunrt size.
Ihe control refrigerator re
ceived 00 pounds of ice. the
test refrigerator 40 pounds
of Ice and 20 pounds of
solid COj. The curve above
shows the approximate per
centage of carbon dioxide In
the test refrigerator. The
temperature In the test re
frigerator was 3:1° K. ot
midnight August 12 and 42°.
nt 0 p. ro. August 13. The
minimum temperature for
the control refrigerator was
47°

- muf ififa i .nf m ligjjj
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Table 6.—Condition of peaches held in pony refrigerators with solid carbon dioxide as a supplementary refrigeranti

Ice

Solid
CO,

Pres
sure

test
upon

remov

al

Flavor upon removal

Rots from indicated Inoculations

At be
ginning At end

Rhizopus needle Monilia dusted Monilia needle

Figure reference'

Average
infection
after re
moval '

Average
diameter

of rots
after re
moval >

Infec
tion

upon
remov

al

Infection
after re
moval '

Average diameter
of rots after re
moval1

Reduction In
efficiency of

fungus due to
COj gas, ex
pressed as—

First
record

Later
record

Inhibi
tion

period
from

begin
ning of
experi
ment

Per
centage
for total
period
in re
friger
ator

Pounds
/ 60
1 40

60
40

60
30

60+58

Pounds
0

6

I

Pounds
0

20

0
20

0
20

0
25+15

0
15
25

35

0

15
30
50

Ounces
10

12.6

1.2
2.9

6.2
8.1

5.5
8

5.1
7.5
8.1
0.1

Per cent Mm Per cent Per cent

(1) 86
(1) 22

Afro Mm Hours Per cent

Fig. 1* „

Fig. 15:
33

5...do
Fig. 16:

(0) 3
(0) 0

(0) 16.5
(0) 0

(1) o
(1) 0
(1) 0
0) o

(0) 7.1
(0) .3

(0) 0
(0) 0

(2) 16.7
(2) .2

(2) 26.7
(2) 0

(2) 21.5
(2) 5.5
(2) 0
(2) 9.1

(1) 21.3
(1) 7.7
(1) 8.2
(1) 3. 7

89 100

Fig. 17:
(2) 100

(2) 0
(2) 21.5

(2) 0 78 100

Fig. 18:
135 4
120 1 12
110 1 8

70
96
61

100
100

94

Fig. 19:
141
126
111

87

5
15
20
25

5
0
0
0

(1) 34
(1) o
(1) 0
(1) o

b 9.7
11.4
10

39
42
68

62

Slightly off • 65

d Distinctly off» i 96

to
00



Fig. 20:
a
b ._;
e
d..._

Fig. 21:
a

140
90
90
90

10
33
34
35

0
50
50
50

1Z6
13
13.5
14.1

140
120
100
100

0
6

19

17

0

20 |
40
40

4.6
6.5
7.9
5.8

*• or diita on variety Od t

ua>aaifia * • after removal.

Fair

Fair to good..
Slightly insipid..
Insipid...
Slightly insipid.7.\"

,

-—

(3) 95
(3) 50
(3) 75
(3) 60

(3) 52. <
(3) 6.!
(3) 4. J
(3) 6

—

(2) 69
(2) 4
(2) 1
(2) 4

(0) 6.3
(0) 0
(0) 0
(0) 0

(0) 16.5
(0) 0
(0) 0
(0) 0

(1) 16.5
0) 0
0) 0
0) 0

(1) 24
(1) 5
(1) 0
(1) 0

<9
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By the use of the equivalent temperature values shown in Figures
12 and 13, it is possible to separate the effect of carbon dioxide gas
on the rots from the effectof any differences in temperature. If the
temperature values of Figures 14 to 21 are converled into work units
according to the Monilia needle-inoculation values of Figures 12 and
13, it is possible to compare the relative efficiency of the fungus under
the different treatments, with the temperature factor eliminated.
The results of such a comparison are shown in the last two columns
of Table G. In 9 out of the 14 cases analyzed, the fungus was
checked by the carbon dioxide treatment to a decree equivalent to
total inhibition during the entire period in the refrigerator, and in

\
\s>o

I
ft

r>
• \
i \

i >
i ,

i \t>
i %
i V

i

>

v_

\kj>o

\

f\
1
1

—1
1
1

1
1
1

\
I

\
1
1

1
1
1
1

\

/?<V. . *st. />/* > ,y/y x?/y

FlOiniK 15.—Carbon dioxide curve nnd tem
perature curves in an experiment with Belle
peaches in ."iL'-quart pony refrigerators, Au
gust 23 to i'i>. 1027: <i, Control refrigerator
with GO pounds of Ice; b, refrigerator with
•10 pounds of ice nnd 110 pounds of solid
CO-. The thermographs were covered with
fruit but near the top of the refrigerator

Fiounn 10.—Carbon dioxide curve and tem
perature curves In an experiment With Krum-
nrel peaches in 82-quart pony refrigerators,
October 7 to 10, li^T : a, Conlrol refrigera
tor with GO pounds of ice; b, refrigerator
WI,n! i52 P°unds of ice and 'Id pounds of
solid C02

several instances complete inhibition can be considered to have ex
tended over into the period of storage at 59° F. When it is noted
from the curves in Figures 14 to 21 that the carbon dioxide had
usually escaped from the refrigerators several hours before the fruit
was' removed, the extent of the inhibition isstill more emphasized.

The number of hours of inhibition or the percentage of inhibition
reported in any particular instance must, of course, be regarded as
approximate; but the results as a whole give great emphasis to the
possible value of carbon dioxide gas as a deterrent to fungal invasion.

Mathematical computation of the inhibition in Rhizopus needle
inoculations and in the dusting inoculations with .Monilia has not
been attempted; but the data given in Table 6, and other records not
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reported, are sufficient to show that the inhibition in both of these
cases was as great as that with the Monilia needle inoculations.

PEACHES IN REFRIGERATOR CARS

Solid carbon dioxide was used also in car-lot shipments of peaches.
The method of handling has been described under Methods and Ap
paratus (p. 7), and the methods used in the inoculation of the fruit
are described on page 22.

All the inoculations were made j.-
at one time and the inoculated fruit |7^
packed at once beside the recording |
thermometers. It often happened ^

i| fTT\ I/-M4

I

\
K»o \

32
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Fiodrb 17.—Carbon dioxide curve and tempera
ture curves In on experiment with Elbertn
Eeaches In 32-quart pony refrigerators, Octo-

er 12 to 15, 1027 : a, Control refrigerator
with 60 pounds of Ice at the beginning of
the experiment, 31 pounds added October 13
at 4 p. m., and 27 pounds added October 14
at 1 p. m.; 6, refrigerator with 35 pounds
of ice and 25 pounds of solid CO, at the
beginning of the experiment nnd 15 pounds
solid COj added October 14 at 1 p. m. One
layer of insulating felt was used between the
fruit and the ice pan In a, and two layers
of felt in 6

*(&./ *4(J6.3

Figuhb 18.—Carbon dioxide curves and
temperature curves in an experiment
with Belle and Elbcrta peaches in 80-
quart pony refrigerators, August 1
to 4, 1928. a, Control refrigerator
with 135 pounds of ice; 6, refrigera
tor with 120 pounds of Ice and 15
pounds of solid CO-; c, refrigerator
with 110 pounds of ice and 25 pounds
of solid COs; d, refrigerator with, 100
pounds of ice and 35 pounds of solid
CO«. The temperatures reported are
the* average of records from the top
and bottom layers of baskets. On
August 4 record fruit was transferred
to 59° F. storage chamber

that one of the cars was loaded earlier than the others; in such cases
an effort was made to maintain similar temperature conditions by
placingall the test fruit in the car that was being loaded. This some
times resulted in a drop in temperature during loading followed
by a rise in temperature when the test crates were finally placed
in position together with warmer fruit. The temperature and car
bon-dioxide records are given in Figures 22 to 26, inclusive, and
the icing records and the time and place of shipment are reported
in the legends to these figures.

As shown in Figures 22, 23, 24, and 26, the solid carbon dioxide
resulted in a more rapid cooling of the fruit in the top of the load,
but Figure 25 shows that the cooling in the top of the carbon dioxide
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car was slightly behind that in the control car and decidedly behind
that in the blower car.

In the experiment of Figure 22 the carbon dioxide content of the
air in the refrigerator car remained about 18 to 20 per cent for the
first 5 hours after the car was closed and probably dropped rapidly
after that. In the experiment of Figure 26 the carbon dioxide was
above 20 per cent for 10 hours and above 10 per cent for 18 hours,
and in the experiments shown in Figures 23, 24, and 25 it was above
20 per cent for about 14 hours and above 10 per cent for 23 hours or
longer. The percentage of gas in
some shipments (figs. 23 and 24) \/oo
was but little greater than in others 5„ &. ,,„ ........ ii. "mwu o

(figs. 25 and 26), yet far more ^

Figure 19.—Carbon dioxide curves and tem
perature curves In an experiment with
liclle peaches in SO-quart pony refrigera
tors, August 15 to IS, 1928: a. Control re
frigerator with 1-11 pounds of Ice; 6, re
frigerator with 126 pounds of ice and IB
pounds of solid CO.; c, refrigerator with
111 pounds of Ice and 80 pounds of solid
CO-; </, refrigerator with S7 pounds of ice
and 50 pounds of solid CO*. The tempera
tures reported are the average of records
from the top and bottom layers of baskets

I

solid carbon dioxide was used. This difference was apparently due
to the fact that the cars of the later shipments were new, whereas
those of the earlier shipments were not.

In all cases critical tests were made as to the flavor of the fruit
at destination, but there was no indication of any unfavorable effect
resulting from exposure to the carbon dioxide' gas. The peaches
from the test cars tasted somewhat greener in some instances than
did those in the control cars, and the pressure tests showed that
they were actually less mature; but the differences in flavor were
not unlike the differences found between the fruit in the top and the
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bottom ofthe same car. In one shipment (fig. 24). the fruit was held
in cold storage for two weeks after unloading; at the end of that
time the flavor of the peaches from the test car was fully as good as
that of the peaches from the control car.

Sample lots of fruit from the other shipments were forwarded to
Washington, D. C, for further tests on flavor. In no instance was
any distinctly objectionable flavor detected, but in two shipments
(figs. 25 and 26) the fully ripened peaches of the test cars had a
slightly different flavor
from those of the control-
car. The variation within
the particular lots was
much greater than the dif
ference between the lots.but
on the whole the fruit from
the test car seemed to show
a slight reduction in aroma,
acidity, and juiciness, and
a slight increase in sweet
ness. In Elberta peaches
the usual bitter flavor was
lacking in the treated fruit
while still joresent in the
untreated. Of a group of 8
persons who critically
tested the fruit from the
first of these shipments
(Belle), 3 could detect no
difference in flavor, 4 pre
ferred the fruit that had
been exposed to carbon
dioxide2 and 1 preferred
the fruit from the control
car; and of a group of
16 who tested the fruit
from the second shipment
(Elberta), 5 could find no
difference in flavor, 5 pre
ferred the fruit from the
test car, and 6 preferred
the fruit from the control
car.

As in previous experiments, the carbon dioxide had a very decided
effect upon the firmness of the fruit. The average resistance to the
pressure tester for thte peaches in the top of the five test cars was
practically the same as that for the peaches in the bottom of the five
control cars and differed but little from that before shipment,
whereas the average pressure test for the peaches in the top of the
five control cars was 36 percent lower.

The carbon dioxide did not show quite so great inhibiting action
on the growth of the fungi as it did on the softening of the fruit, yet
the contrasts werevery significant. The average development of the
rot organisms in the top of the test car was greater than that in the

Fioukb 21.—Carbon dioxide curves and tempera
ture curves in an experiment with Elberta
peaches In 80-quart
29 to September 1, 11

ony refrigerators, August
28 : a, Control refrigerator

with 140 pounds of Ice; ft, refrigerator with 120
pounds of Ice and 20 pounds of solid CO?
refrigerator with 100 pounds of
pounds of solid COs (large pieces)
tor with 100 pounds of ice and 40 pounds of solid
COj (small pieces) ; e, outside temperature. On
September 1 record fruit was transferred to 59"
F. storage chamber

vamaumuattm

ice and 40
d, refrlgera-



34 TECHNICAL BULLETIN 818, U. S. DEPT. OP AGRICULTURE

bottom of the control
car, but less than the
average development
in the control car.

The average differ
ence in temperature
between the top and
bottom of the control
cars was 13.1 degrees
Fahrenheit, and the
average difference in
temperature between
the top of the control
cars and the average
temperature for these
cars was 6.6 degrees.
Expressed in temper
ature values, the use
of solid carbon diox-

4i „*. . . ,, . ., , ide had an effect uponthe softening of the fruit equal to a 13.1-degree reduction in tem-
rPh»^fdU/mf Ath^ 6Dtlre ^nP.and an effect upon the rots greaterthan that ofa 6.6-degree reduction in temperature during the entire
trip If it * aSSumed that this inhibiting effect upon the rots was
confined to the first
36 hours after load
ing, as it probably
was to a large extent,
it may be said that
during this period
the solid carbon di
oxide had an inhibit
ing effect upon the
rots approximately
equal to that of an
18-degree drop in
temperature.

If the behavior of
the Monilia rots is
studied on the basis
of the values in Fig
ures 12 and 13, the
differences in growth
may be interpreted
in terms of the degree
of inhibition in the
test car as compared
with that in the con
trol car. It is found,
for example, that in
the shipment shown
in Table 7 under Fig
ure 23 the rots in the

Figure 22.—Temperature curves In an experiment with
v„iiLp^he^ 8hl%ed.iS, refrigerator cars from FortValley, Ga., June SO, 1927. The broken lines give the
records for the test car, the solid lines the records for
££C?i£r»2.°)£: l\?op center; tb. top bunker; be, bot-
fom 15?.?er: ?°> bot*om bunker. The test car received
i.»i.?didUion*to 8tandnrd, Idng. 430 pounds of solid CO,held in crates scattered over the top of the load and
somewhat Insulated from it. At 2 p. m. the atmosphere
in the test car contained 12.C per cent of C03; at 2 30
p. m., 18 per cent; and from 3.30 till 7 p. m., 20 to 21
per cent. The top center and bottom bunker atmos-
2£lre<L?howi!d Poetically no difference. There were
476 crates of peaches in each car

§«o

$4V ft

<a/1>'+

•\s-

M

Figubb 23.—Carbon dioxide curve and temperature curves

linos the records for the control car: to, Top" center";
to, top bunker; bo, bottom center; oft, bottom bunker
The test car received, in addition to standard icing, 884
lines the records for the control car: to, Top center:
of the car about 16 Inches above the load. The teBt
car received 100 pounds more ice at the reicing stations
than did the control car but was unloaded 18 hours
later than the control car
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top of the test car showed a reduction in efficiency equal to 19 per
cent for the whole shipping period, and those in the bottom of the
car a similar reduction of 8 per cent; in the shipment described in
*igure 24 the rote in the top of the test car showed a reduction of
48 percent, and those m the bottom a reduction of 44 per cent. The
eaualin real* ^ ^ irihibition of the Rhizopus rots was

In some instances the better condition of the fruit in the test car,
as to nrmness and decav, may have been partly due to differences in
temperature; but a study of the curves in Figures 22 to 26, inclusive,
leads to the conclusion that ^ '
it must have been largely j^**7
J— A ^ - • - the lSdue to the effect of
carbon dioxide gas.

From the economic
standpoint it should be
noted that, as shown in
Table 7 under Figure 23,
the fruit in the test car was
in distinctly better condi
tion on arrival than that
in the control car, both as
to firmness and rot devel
opment, in spite of the
fact that the control car
was unloaded 18 hours
earlier. In two cars un
loaded at practically the
same time (fig. 24), the
condition of the fruit in
the control car was such as
to make it necessary to
place it on the market at
once, whereas the fruit in
the test car was placed in
storage to be held for
later sales. The inoculated
fruit from both cars was
transferred tocold storage, however, and it was found that the devel
opment of rots on the peaches from the test car after two weeks in
storage only slightly exceeded that of the rots on the peaches from
the control car at the time of unloading.

One shipment (fig. 25) included a car in which a Galloway pre-
cooling apparatus «was used in comparison with the carbon dioxide
^ZOP iT ithe COntro! car- The resuIts> as ^ven in Table 7, showpractically the same resistance to pressure in the fruit of the blower
car (with precoolmg apparatus) as in that of thecarbon dioxide car.
Ihe development of Monilia and Rhizopus rots, however, was very
much greater m the blower car than inthe carbon dioxide carand not
greatly different from that in the control car.

-*toS.6 S9C&.7 S4O6.0 *OC.9

Imouhh 24.—Carbon dioxide curves and tempera
ture curves in an experiment with Elberta
poncnes shipped in refrigerator cars from Hamlet
N. C AnsuHt 0. 1028. The broken lines give the
records for the test car, the solid lines the records
for Ihe eontrol car: to, Top center; tb, top
bunker; be, bottom center; 66, bottom bunker,
ii t1e5kt™C!,r ••ccfiived, in addition to standard
ring 1,000 pounds of solid C02 held on a scaffold
In the center about 1(5 Inches above the load,
llio test car also received 2 per cent of salt In
the bunkers at the shipping point. The control
car required 2,100 pounds more ice at the relclng
stations than the test car. On August 0 record
fruit was transferred to 34* P. storage

t«~?l^r^ *. * Department of Agrlcul-

ifWi.vmm!iajmi^A»:«ii*H:^iHumM.,,u.,

"-JP*

r-L^J'"ii'hJPT'-^f
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Another shipment (fig. 26) included a salted car in addition to the
control car and the carbon dioxide car, the latter also salted. The
average results on firmness and decay in the salted car fell about
halfway between those in the control car and those of the carbon
dioxide car, but in the top of the load the results on both firmness
and decay were practically the same as those in the control.

so pi
to

10

0

-i\]
""V-

_— I V.
,

Fl<an^2^'"~Sarb0J\ d,0,x,dc curves and temperature curves In an experiment with
5 ^^te^^L^^ZJ?** from Thomason? g1, June30° 1930:k«„ hi5^S51!»: tb' top bunker; 6c. bottom center; 66, bottom bunker! tW car
bon dioxide car received 400 pounds of solid CO, placed In crat^ on tnn «t tha
l°nrtd-«T,DUarbon dl0X*,dJ? car h5d 400 P°und8 of s,?lt added at thl shipping Jonand the blower car 300 pounds. The solid carbon dioxide car rennir™i i>nn
pounds and the control car 1,070 pounds mo?e icfumn X the blowe^r car

DEWBERRY EXPERIMENTS

The dewberry iseven more perishable than the strawberry but may
be exposed to carbon dioxide gas with far less danger of injury than
either the peach or the strawberry. .

In the experiments with dewberries no inoculations were made, and
nosatisfactory method was devised for measuring the firmness of the
fruit. Before the experiments were started, however, sample lots of
fruit were graded, and the berries were classified as firm, soft, or
rotten. At the end of the experiments similar lots were graded
according to the same standards to determine the increase in rot and
the decrease in the number of firm berries.

SER
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DEWBERRIES IN PONY REFRIGERATORS

The pony-refrigerator experiments were carried out as described
for strawberries (p. 7). The results are shown in Table 8. In the
experiments of Figures 3; 4, 7, and 20, only a few baskets of dew
berries were used in each refrigerator, the main experiment being
upon another fruit. In theexperiments shown in Figures 27 and 28
the refrigerators were filled with dewberries, with the exception of
small lots of other fruits, as will be pointed out later.

i
I o

re -

/ \
\

!
tctdtt ^"r-

• CHECK CAB

' SALTED CAR

CAD WITH CARBON DIOKIOC ANO SALT

Fiounm 26.—Carbon dioxide curves and temperature curves In an experiment with
?ib.«rta. Pe£chcs shipped in refrigerator cars from Thomaston, On.. July 21.
1030: to, Top center; tb, top bunker; 6c, bottom center; 66, bottom bunker.
The carbon dioxide car received 466 pounds of solid CO, placed In crates on top
of the load and an additional 113 pounds placed in the bunkers. The carbon
dioxide car had 400 pounds of salt added at the shipping point and the salted
car 300 pounds at shipping point and 180 pounds en route. The salted car
required 4,284 pounds and the control car 5,070 pounds more Ice than did the
solid carbon dioxide car

The flavor of the dewberries remained unimpaired under all the
conditions of the various experiments, despite the fact that the car
bon dioxide treatment was sometimes even more severe than that
which had usually spoiled the flavor of peaches and strawberries.
In the experiment reported in Figure 4 a small lot of dewberries
was included with a strawberry test, and in the experiments reported
in Figures 27 and 28 small lots of strawberries were included with
the dewberry tests. In all three experiments the flavor of the dew
berries was unaffected by the carbon dioxide treatment, whereas the
flavor of the strawberries was rendered either insipid or distinctly
bad.



Table 7.—Condition of peaches and peach-rot organisms after shipment in standard refrigerator cars with different methods of cooling

Figure
reference "

Fig. 22..

Fig. 23 J.

Fig.24.

Fig. 25

Fig.2G.

Average

Location in cur

Top center
Top banker -

Average top of car
lioitom center..
Hot torn bunker

Average bottom of car
A veragc for car

Top center
Top bunker

Average top of car
Uotion) center
Bottom bunker -

Average bottom of car
Average for car

Top center
Top bunker

Average top of car
Bottom center..
Bottom bunker

Average bottom of car
Average for car

Top center
Top bunker

Average top of car
Botto.'i) center _
Bottom bunker

Average bottom of car
Average for car

[Top center
Top bunker ."

Average top of car
Bottom center..
Bottom bunker...

Average bottom of car
Average for car

Top of car
Bottom of car
Entire car

Flavor of peaches in-

Carbon
dioxide

car

Good....
..do.

Good....
.-do-

Good--.
—do-

Good-..
..do

Good...
..do

Good...
..do...-

Good...
..do....

Good...
..do

Good...
..do....

Good...
..do

Control
car

Good.
...do..

Good.
...do-

Good.
..do..

Good.
...do..

Good.
...do..

Good.
..do..

Good..-
...do

Good...
...do-...

Good.
...do..

Good.
...do..

Blower
car

Good...
...do

Salted
car

Good... .
...do .

Good.
...do..

Good.
do..

Pressure test of peaches in-

Carbon
dioxide

car

Ounces
16,2
13.4
14.3
15.2

17. 1

10.2
15. 2
13.1
11.8
12.5
12. C
12.8
12.7
12.6
13. 1
12.8

13.1
14.4
13.8
14.1
13.0
14.6
14.4
14.5

14

14
11

11.3
11.2

10.2
10.7
14.7
13.5
14.1

12.4

13

14.2
13.6

Control Blower
car car

Ounces
10.2
3.2
6.7

13.5
14.5
14
10.4

9.3

8.3
13.2

12. 6
12.8
10. fl

6.2
8.4
7.3

12.1

14. 2

1.5.2
10.2
13.6
12. l
13
13.8
14.7
11.3
13.6

6.1
5.9

' 14
I'•.'..

&5 I
8.3 I

13.1 !
10.7 !

Ounces

14.3
14.7
14.5

13.7
14.5

14.1
14.3

Salted
car

Ounces

7.3

0.5
' 12. 7
' 13. 5

13. 1
9.8

Hots from Monilia needle inoculatious

Peaches infected
in-

Diameter of rots on peaches
in—

Carbon
dioxide

car

Per cent

1O0

100

100

95

90

92. 5
90.3

95.1
75. 1
15
5

10
42. 5

51.3

69.4

Onntml Carbon
~Joi dioxide

car

Per cent

100

100
100
100
100

100

100

100
100
100
90
53.6
71. S

85.9

100
85.9
93

Mm

15.8
2S.7
22.3

7. 1

4.6

5.9
14.1
4.7
6.7
5.7

3

3
3
4.4

3*. •:.

32. 4
35. 5
17.2
9.3

13.3
24.4

11

40.8
42.4
11.4

4

9.2

26.5
7.9

17.2

Control
car

Mm

28.9
31.4
30.4
9.9
4.2
7. 1

18.7
33.5
26.2
29.9
7.7
Z8
5. 3

17.6
45.1
45.2
45. 2

20.8
17.1
19
32.1
54.5
55.4

55
122. 1+6

' 6. 0+4
14. 1

34. 0
40.1
11.4
25. S

Blower
car

Mm

Salted
car

Mm

41.2

40. 3
43. 8
23.2
19.5
21.4
32.6

52

52.7

52.4

»13.
'2.

1+3.2
7+1.8

7.9
30.2

CO
CO

S
H

O

>
O
5»
H
Q
a

5



Figure reference >

Fig. 22

Fte.23».._.

Fig. 24...

Fig. 25.

Fig. 26.

Average.

Rots from Monilia dustedin-
oculations

Peaches infected Diameter ofrots
in-

Carbon
dioxide

car

Per cent
36
51.4
43.7
34.3
90.5
6Z4
15
23.6
19.3
4a 9

5
5
5
3
3
3
4

Control
car

Per cent
30.8
96.7
63.8
99.5
94.5
97
20

.5
10.3
63.7
87
60
73.5

8
2
5

39.3

33.7
11.2
22.5

85.3
7.7

46.5

on peaches in—

Carbon
dioxide

car

Mm
6.2
8.3
7.3
6.4
7
6.7
2.3
2.1
2.2
4.4
3.4
4

3.7
3
3
3
3.4

5.2
2.6
3.9

Control
car

Mm
8.5

14.1
11.3
9.8

10
9.9
2.8
2
2.4

6.2
10.9
10.3
10.6
10

2
6
8.3

10.3
4.2
7.3

i Th^i1? °n variety'. C0«. «•*

Rots from Rhiiopus needle inoculations
Peaches Infected

in-

Carbon
dioxide

car

Control
car

Diameter ofrots onpeaches in-

Carbon
dioxide

car

Control
car

Mm

Blower
car

Salted
car

c

tocrea8ela <"*neter of colonies of rot organisms in Petri dish

Carbonic * .
dioxide Control

car I car

Monilia in—

Blower
car

Arm

dioxide Controll Blower
car car

Rbizopusin—

Per cent Per cent Mm Mm Mm Mm Mm

Salted
car

Mm Mm Mm Mm

Salted
car

Mm

86
0

43
0
0
0

21.5
45.1
39.9
42.5

0
0
0

21.3

0
0
0
0
0
0
0
0
0
0
0
0
0
0

1.5
13.2
7.4
0
.5
.3

3.8
2
4.7
3.4
0
0
0
1.7
2.7
.1

1.4

5
0
2.5
0
0
0
1.3
5.5
8.3
6.9
0
0
o ...
3.5 1. .
6. 7 13.4

18.6 17.4
12.7 15.4
0 0
• 8 0
• 4 0

6.5 7.7
3.2
9.4
6.3
0
0
0
3.2 .
7.1 ...

3!6:

2
4.7
3.4
0
0
0
1.7

26 36
27 38.8
26.5 37.4
7.9 13.2
1.1 3
4.5 8.1

15.5 228
20.7 38
24.5 35.5
22.6 35.8

0 »12
0 '4
0 8

11.3 21.9
24.6 36.61
2.3 8.1

13.4 22.4

34.5
34 ' '
34.3
14.5
5.2
9.9

22.1

33.5
37
35.3
»6
»3

4.8
20.1

17.5
5

11.3

6.7

28
5.5

16.8

II

0
5.5

11.2

36
16.5
26.3

00

03

CO
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Table 8.—Condition of dewberries after being held in pony refrigerators with
solid carbon dioxide as a supplementary refrigerant

Ice

Solid CO, Flavor
Decrease
In ISrm
berries

Figure reforonco * At begin
ning

At end
In rotten
berries

135
120
110
100
144
110
110
110
163
147

94
140

90
90
90

163
133
97

170
133
101

Pounds
16
32
40
47

36
42
23
44

22
23
12
10

33
34
35
18
33
45
13
30
46

Pounds
0

15
25
35

0
15
20
30

0
7

12
0

50
50
50

0
28
28

0
35
36

Per cent Per cent

Fig. 3
do
do
do
do 64. 1

17.3
18.4
25.7

Fig. 4 do 4.3
do
do
do

9.3

Fig. 7 i do
do
do
do L.
do 1
do

Fig. 27

Fig. 28

do
do
do
do

""Ido™""II™III"*"™I

53.9
9.1

17.0
11.5
6.8
1.4

46.1

13.8
18.5
9.1
2.8
1.3

1For data on temperature, COj and length of treatniont, see Figs. 3,4, 7,20,27, and 28.

The carbon dioxide always had an inhibiting action on the rots
of the dewberries and ahvays helped to maintain the firmness of the

fruit. In the three experi
ments in which complete
records were kept, both
the average percentage of
rot and the average de
crease in firm berries in
the treated lots were less
than a third of the aver
ages in the fruit from

JO the control refrigerators.
(Table 8.) In some cases

as these differences may have
§ been partly due to the dif-

^. ferences in temperature,
| but a study of the tem-
5 perature curves (figs. 4,
' 27, and 28) convinces one

that they must have been
mainly due to the pres
ence of (he carbon dioxide
gas.

Oi CO

P
81

f̂
2*v

»s

8

Figuue 27.—Carbon dioxide curves and temperature
curves in an experiment with dewberries in 80-
quart pony refrigerators, Juno 12 to 15, 1029:
a. Control refrigerator with 188 pounds of ice;
b, refrigerator with 188 pounds of ice and 28
pounds of solid CO-; c, refrigerator with 97
pounds of Ice and 28 pounds of solid COj; d,
outside temperature. The refrigerator in o was
not of standard construction and has been de
scribed in the legend to Figure 0. The tempera
tures shown are the averages of records fron» the
top and bottom layers of baskets

DEWBERRIES IN RF.FRIGKRATOR
CARS

The car-lot shipments of
dewberries were carried
out as already described
for strawberries. The re
sults arc shown in Table 9
and in Figures 29 to 33,
inclusive.
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Table ^-Condition of dewberries and dewberry-rot organisms in standard refrigerator cars with different methods of cooling

Figure reference »

Fig. 29.

Fig. 30.

Fig. 31.

Fig. 32.

Location in car

•Top center
Top bunker

Average top of car
Bottom center
Bottom bunker.. I,

Average bottom of car
t Average for car
[Top center i Good..
Top bunker L.do

Average top of car.. i
Bottom center —J"Good "
Bottom bunker L..do '"

Average bottom of car., i."
Average for car !.

'£°P center \ Good.":
Top bunker j d0

Average top of car _.
Bottom center I Good ""
Bottom bunker '.. do ""

Averagebottom of car j—„.
._ Average for car I..
Top center ; GoodV."
Top bunker i do

Average top of car. ..
Bottom center.. i Good""
Bottom bunker i.. do

Average bottom of car \~.l~ i
Average forcar L |

Flavor of berries in-

Carbon
dioxide

car

Blower
car

Qood
—do.

Oood.V
-.do...

Good...
—do....

Good...
-do....

Control
car

Good.,
—do...

Good...
-do....

Good...
-do....

Good...
—do.

Good...
-do.—

Good..!
-do...

Good...
—do....

Good—
-do....

Soft berries in-

Car
bon
di

oxide
car

Percent

"»"ia5
10.5

»6.6
»7.1

6.9
8.7

12.6
10.5
11.6
6.8
9

7.9
9.7
7.5
7
7.3
9.6
4.8
7.2
7.2
9.1
7.9
8.5

10.9
10.4
10.7
9.6

Blow
er car

Con
trol
car

Percent Per cent
16.1
19.2
17.7
15.9
12.1
14

15.8
18.0
13.6
16.1
15.1
10.2
12.7
14.4
13.1
9.3

11.2
13.1
7.5

10.3
10.8
10.9
18.1
14.5
3.7
7.5
5.6

10.1

!SSffAaK5S^SSWJSa»CBMfi&^temperature. See legend forFig. 29.

16.4
15
15.7
10.3
1L9
1L1
13.4

Rotten berries in-

Car
bon
di

oxide
car

Per cent

Blow
er car

Percent

«7.7
7.7 ......

»4.5
•3.3

3.9 .......

5.8
1.2 .......

2.8
2

1.1
.5

.8
1.4

.......

1.7
3.5 .

2.6 ---....

1.6
.9

L3
....—

L9
0 0.8
LI .2
.6 .5

0 .3
2.9 .2
1.5 .3
1 .1

Con
trol
car

Percent
6
7.8
6.9
5.3
2
3.7
5.3
7.9
3.1
5.5
L7
1.4
L6
3.5
5.8
2.7
13
2
.5

L3
2.8
.9

2.3
L6
.3
.7
.8

Ll

Increase in diameter ofcolonies ofrotorganisms
in Petri dishes

Gloeosporinm in-

Car
bon
di

oxide
car

Mm

9.5
8.5
9
6
2
4

6.5

Blow
er car

Mm

10.5
15.2
12.9
8.6
5
6.8
as

Con
trol
ear

Mm

13.5
115
11
&5
5.5
7

10.5

Rhixopusln—

Car
bon
di

oxide
car

Mm

6
7
6.5
0
0
0
3.3

Blow
er car

Mm

5.2
23
111

.3
0
.2

7.1

Con
trol
car

Mm

25.5
16
2a 8
L5
0
.8

ias

tf^



Table 9.—Condition of dewberries and dewberry-rot organisms in standard refrigerator cars with different meihods of cooling—Continued

Figure reference

Fig. 33„.

Average of Figs.
30 to 32.

Average of Figs.
32 and 33.

Flavor of berries in—

Location in car

Carbon
dioxide

car

Blower
car

("Top center Good.
Top bunker do..

Average top of car
Bottom center Good.
Bottom bunker do..

Average bottom of car
Average for car

Top of car
Bottom of car
Average for car
Top of car
Bottom of car
Average for car I

. Good.
do..

- Good.
do-

Control
car

>Inoculations were made 20 hours before loading.

Soft berries in-

Car
bon
di

oxide
car

Per cent
13.9
20.3
17.1
12.4

16.1

14.3
15.7

Blow
er car

Per cent
22.6
34.6
28.6
20.8
14.5
17.7

23.1

9.1 |
8.6
8.8

12. 8
12.5
12.7

22.2
14.4

18.3

Con
trol
car

Per cent

13.9
9.5

11.8

Rotten berries in-

Car
bon
di

oxide
car

Per cent

1.6
1.2
1
.7

1.7

1.2

1.4

.9
1.2

1

Blow
er car

Per cent
1.5

10.5
6

1.7
1.9
1.8
3.9

3.3

1.1

2.2

Con
trol
car

Per cent

3.8
i. :

2.5

Increase in diameter of colonies of rot organisms
in Petri dishes

Glocosporium in-

Car
bon
di

oxide
car

Mm
7.5

n

9.3
6
5
5.5
7.4

0.2

4.8

Blow
er car

Mm
10.7

13.5
12.1
5.5
3.5
4.5

8.3

1Z5

6.7
9.1

Con
trol
car

Mm

Rhixopus in-

Car
bon
di

oxide
car

Mm
»45. 7
'63.3

54.5
»35
* 16

25.5
40

30.5

12.8
21.7

Blow
er car

Mm
•59
»76. 5

67.8
»31.5
»6.8
19.2
43.5

41
9.7

25.3

Con
trol
car

Mm

to.
to
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^J!S!^^S^ DStC Wlf°nl and sam^ ^tstjfl^wd^*teste-In -in-
d^sreas?1 stf^*^^car arrive,d a
after the fruit had been exposed to « n„*^ ?test Caf were takenthan 70° F. for 20 hour!PXre£ a^n0"fc?de ^P^ture of more
taken immediately after unln^dlnt ft088.** ^ contr°l car were
jnent, the fJ^J^A^AJ^h! ^ difference in ^eat-as. the test car and a far .practlcaJI^ the ™ percentage of rot
higher percentage of soft
berries.

In the shipments de
scribed in Figures 30, 31,
and 32, the different cars
were unloaded at practi
cally the same time; the
records show 25 per cent
less soft berries and 42
per cent less rotten ber
ries in the test car than in
the control car.

The average percentage
of soft berries for the top
of the carbon dioxide cars
was lower than the aver
age for the bottom of the
control cars. The average
percentage of rotten ber
ries in the top of the test
cars was about halfway
between the average for
the bottom of the control
cars and the total average
for the control cars. Con
verting these results into
temperature values on the
basis of the temperature
curves of the control cars,
as has been outlined in
the discussion for straw
berries and peaches, it is
found that the solid car
bon dioxide had an effect

ofaVeduction rff4?^ Y* in *?e t0P °? the Car e<iuaI to *at™aIed,uctlon °{14 F. in temperature during the entire trio andan effect upon the rots in the top of the car equal to that of a
tW f?UCtl?-n mtJfmPeratllre durinS the entire trip4 If it is assumed3^Lur^aa?riof rhe s?Jid cai;b°ndioxide was confined to Se firstdfa hours after loading, it is estimated that during this period there
eauartoSof^ *** UP°n ^ S<?ftenin^ of the f™ifc approximatelyXi- l0f an aVe^age reductJon in temperature of 26° and of Iretarding action upon the rots equal to a19° reduction in temperature

mam

§^<7|

FTuT(.H^C.arb0a d,ox,de cu"°s and tempera-

";V«i;ftM*»& kriiand ^5 pounds of solid CO,; o/rorpgcrator with
101 pounds of ice and 36 pounds of solid CO •
rf.ous.dc tompcmturo. The refrigerator In o
w s the same as described under o of Figure 6
The temperatures shown are the averages of
baskets °m t,1C top and bottom layfrs of

J
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fh^hfT^mi?erauUrf in ^^P8 of the test cars were usually lower

Sample lots of fruit were
-i | held at outside tempera

ture for several days after
removal from the cars, and
it was found that the dif
ferences in firmness and
decay at the time of un
loading were fully main
tained under marketing
conditions.

In the shipment de
scribed in Figure 32 a
blower or precooled car
was used for comparison
with a carbon dioxide car
and a control car. In the
shipment indicated in Fig
ure 33, a similarly pre
cooled car was used for
comparison with a carbon
dioxide car. In the first
shipment there were more
soft berries in the blower
car than in the control car,
and in the second shipment
as many soft berries in the
bottom of the blower car
as in the top of the car
bon dioxide car. In some
instances the inhibition of
the rot organisms was
greater in the carbon diox
ide car and in other in
stances greater in the
blower car; but if an
average of the two cars is
taken the results show a
greater inhibition in the
carbon dioxide car in all
cases. The average inhi-

Fl?n?„B 2°-—Carton dioxide curves and tempera-
2hlDDi.nTVfn8 1n°f„a3 experiment with dewberries
Hnffi Mnnst?ndar£, refrigerator cars from
fiSf^hi N' c- J»ne 11. 1028. The broken lines
£Tm Sio^k?8 fortbe carbon dioxide car, the
&n *•»»».tb«! r*cor*» *>r the control car: to,
S?PKCe^ter; J6',t0P bunker; bo, bottom center-
«2ftiJ{ottoin bunker. The test car received In
m'^-w'S 8tnndard Icing. 815 pounds of sol d
SSi.i,eJ« °«n 2 8C°ff0,<l In the center of the carabout 16 Inches above the load. The control
car required 2,340 pounds more Ice at the reTclnl
Stat,onIrtrtthnn the *<"* car, not iucludlnc anextra 800 pounds that was added oni nwount
of the delay in unloading the control car Each
car contained 224 crates of berries

EXPERIMENTS WITH OTHER FRUITS AND WITH VEGETABLES
BLACKBERRIES

kSS?SM ^So^tLT ^^ » the tests described in
unfer all'the condition; J**"™ °f ^ fruit remaine<* unaffectedunaer ail the conditions of these experiments, whereas, as already

SS^ES—
^•J:i'J*^
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pointed out in Table 6, the flavor of peaches under certain of these
conditions was spoiled. (See fig. 19.f ^ OI inese

Experiments were also made in which blackberries were held atconstant temperatures ol: 50° and 68° in mtiffid^mospherS
containing 40 per cent of carbon dioxide. The flavor of the fruit
was normal after treatment for 2 days and doubtful at 68° after 3

posure to high percentages $*°r
of carbon dioxide than
peaches or strawberries,
yet it is evident that there
is a definite limit to their
tolerance.

RASPBERRIES

Small lots of red rasp
berries were included in
the tests indicated in Fig
ure 27, and small lots of
both red and black rasp
berries were included in
the tests reported in Fig
ure 28. Under the carbon
dioxide treatments de
scribed for these experi
ments the flavor of the
red raspberries was af
fected as much as that of
the strawberries included
in the same tests, whereas
the flavor of theblack rasp
berries was unaffected.

BLUEBERRIES

Wild blueberries were
held at constant tempera
tures of 50° and 68° F. in
mainta i n ed atmospheres
containing 40 per cent of
carbon dioxide. The test
at 68° was continued for
six days and that at 50°
for eight days but no change in the flavor of the fruit could be de
tected as a result of the carbon dioxide treatment.

CURRANTS

9RSB%ll a*8 °fcurra.nts7ere included in the tests reported in Figure
28. Ihe flavor remained normal under all the conditions described.

APRICOTS

Apricots were included in the tests described in Figure 28 At
the end of the experiment it was found that their flavor had'been

~"™~*° «***«•*/ JV»£g*

Fiouob 80.—Carbon dioxide curves and tempera-
rtrinnf?"!? ,n* ai5 experiment with dewberries
HnK "n standard refrigerator cars from
SS?!« ' N' C"J«"»e 20, 1928. The broken lines
Rive the records for the test car, the solid lines
the records for the control car: to, Top center;
hi'nknJP b5r!J,ker*: ?c' bottom, «Ln*er; 66. bottom
•*»»<*?;* Th.e te&«car "?ce»ved, In addition tostandard Icing, 040 pounds of solid CO, held
on a scaffold In the center of the car about 1G
Inches above the load. The control car required
♦d00*P°u?d8 more ,ce at the relclng stations
than the test car. The control car carried 100
crates of berries, the test car 224 crates
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affected by the carbon dioxide treatments fully as much as that of
the peaches and red raspberries.

CHERRIES

Early Richmond cherries were included in the tests reported in
Figure 3, Blackheart cherries in those in Figure 27, and Bing and
Montmorency cherries in the tests described in Figures 27 and 28.
None of the carbon dioxide treatments in these various, experiments

lu-"7! 1 1 1 [ 1 1 1 1 1 had any evident effect
c3§ A upon the flavor of

either the sweet or the
sour varieties.

Windsor cher ries
were held at 68° and
50° F. in maintained
atmospheres contain
ing 40 per cent of car
bon dioxide. At G8°
the cherries in carbon
dioxide had a normal
flavor, as compared
with the controls, at
the end of five days,
but were slightly in
sipid at the end of six
days. The experiment
at 50° was discontin
ued at the end of eight
days, with the flavor
of the cherries in car
bon dioxide still en
tirely normal.

Bing cherries were
exposed to 40 per cent
of carbon dioxide for
two days at 32°, 41°,
50°, 59°, and 68° F.,
without any impair
ment of flavor as com

pared with the controls. A part of the cherries from the various lots
had been inoculated with Monilia when the experiment was started
and were held at 50° in normal atmosphere after the end of the 2-day
treatment. It was found that the rots on the cherries that had been
held in carbon dioxide at 6S° and 50° were much smaller than those
on the controls held at a temperature 18° lower, and that the rots on
the cherries held in carbon dioxide at 50° were only slightly larger
than those on the controls held at 32°. »

PLUMS AND PRUNES

Wickson plums, purchased on the Washington market, were ox-
posed to 40 per cent of carbon dioxide for 48 hours at 32°, 41°. 50°
59°, and 08° F. without any impairment of flavor. A part or the
fruit had been inoculated with Monilia, and after the 2-day treatment

IN
i

i

1

8
r
n

*SC"VJT6 ^/C.V/C7 sStwee ~/t//VX9 ^/ts^-^SO

Fiqukb 31.—Carbon dioxide curves and temperature
curves in an experiment with dewberries shipped in
standard refrigerator cars from Cameron, N. C, June
0, 1029. The broken lines Rive the records for the tost
car, the solid lines the records for the control car:
tc, Top center; tb. top bunker; bo. bottom center; bb,
bottom bunker. The test car received, In addition to
the usual hunker iclnp, 1,000 pounds of solid CO,
held on n scaffold in the center of the car about 1(1
Indies above the lond. The test car received 2 per
cent of salt at the shipping point. Each car contained
224 crates of berries
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the different lots were removed from the various temperatures and
stored at 50° in normal atmosphere. It was found that the rots on
the plums that had been held m carbon dioxide at 68°, 59°, and 50°
developed several hours later than those on the controls at tempera
tures 18° lower and that the rots on the fruit held in carbon dioxide
at 50° were practically identical in size with those on the controls
held at 32°.

§
a

1 40 h
S

fXZ

8
«r

V 0 I ^

V

A.M. RM.
JUNEB

A.M
JUNE 10

_6A |
*rF==P= 1 1_ T

P-M. *M.^XT A.M. RlZ
JUNE II JUNe I*

A.M.
JUNE 13

Fiodbb 32.—Carbon dioxide curves nnd temperature curves In an experiment with
?oon *,esm lppcd ln 8tnn<lnrd refrigerator cars from Cameron, N. C, June 0
Jjjwo: to, Top center; tb, top bunker; 60, bottom center; 66, bottom bunker.
riSS^fl • ?ioxl{!6 car received 700 pounds of solid COa placed on a scaffold
about 18 Inches above the load. The carbon dioxide car received 2 per cent of
Bait at the shipping point nnd the blower car 3 per cent. Each car carried 280

Italian Prunes, purchased on the Washington market, were ex
posed to 50 per cent carbon dioxide under constant-temperature
conditions. In one experiment fruit held at a temperature of 66°
F. had become rather insipid by the end of 7 days, but that held
at 48° had retained its normal flavor at the end of 17 days. In
another experiment fruit retained its normal flavor at 67° for 13
days and at 49° for 17 days, but later developed a dry and slightly
objectionable taste at both temperatures.

--ZEST
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In the summer of 1930 pony-refrigerator experiments were made
at Wenatchee, Wash., with fresh Italian Prunes that had just been
picked at a proper stage of maturity for commercial shipment.
The refrigerators were of the type described in the legend of Figure
6 and had capacity of 4 bushels. Half the storage space was filled
with Italian Prunes and half with Bartlett pears. Two refrigera
tors were loaded and iced exactly alike, but one of them received

A.M. P.M.
JUNE 17

A.M. P.M.
JUNE 18

A.M. P.M.
JUNE 19

Fracas 83.—Carbon dioxide curves and temperature curves In an experiment with
dewberries shipped in express refrigerator cars from Cameron, N. C, June 17,
1930: to, Top center; tb. top bunker; bo, bottom center; bb, bottom bunker.
The low temperature at the bottom bunker of the carbon dioxide car may have
been due to air currents resulting from a defective water trap. The carbon
dioxide car received 530 pounds of solid CO, placed on a scaffold about Iff Inches
above the load. The blower car received 400 pounds of salt at the shipping point
and the carbon dioxide car 315 pounds. Each car carried 280 crates

a continuous stream of carbon dioxide gas from a carbon dioxide
cylinder. The experiments were carried out in a laboratory where
the temperature ranged between 70° and 80° F., averaging about
75°. In the first experiment the fruit in the control refrigerator was
cooled to 52° in about 24 hours with little further change in temper
ature; in the second experiment it was cooled to 55° in 24 hours and
fell to 50° before the end of the experiment. The fruit in the carbon
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dioxide refrigerator was usually about 2 degrees warmer than that in
the control refrigerator.

The carbon dioxide was run rapidly into the test refrigerator
for a half hour; the rate was then decreased until it balanced that
of the leakage from the refrigerator. In the first experiment the
carbon dioxide in the refrigerator was held at approximately 30
per cent for the first 6 hours and at 20 per cent for the next 42
hours; in the second experiment it was held at approximately 15
per cent for the first 8 hours, at 12 per cent for the next 64 hours,
and tapered off to 3 per cent by the end of the fourth day.

In the first experiment a part of the fruit was removed from the
refrigerators at the end of 1 day, and the remainder at the end
of 2 days; in the second experiment a part of the fruit was removed
at the end of 2 days, and the remainder at the end of 4 days.

After removal from the refrigerators the fruit was held at labora
tory temperatures. The prunes from the carbon dioxide refrigerator
were firmer than the others and ripened more slowly; in order to
bring the two lots to a like maturity, it was necessary to hold the
control fruit in a refrigerator at 45° F. for several days, while the
test fruit was exposed to an outside temperature of 75°.

When fully ripened, no difference in flavor could be detected
between the fruit receiving any of the carbon dioxide treatments
and that which had been held in the control refrigerator.

In both experiments needle inoculations were made with Monilia
and Rhizopus, as described for peaches. In the first experiment
the inoculated prunes were removed from the refrigerator and
placed at the outside temperature at the end of 1 day, in the second
experiment at the end of 4 days. In both experiments and with
both fungi, the rots on the fruit from the carbon dioxide refrigerator
were a full day later than those on the fruit from the control
refrigerator, the 1-day treatment under the conditions of the first
experiment causing somewhat greater delay than the 4-day treat
ment under the conditions of the second experiment.

PEARS

As already mentioned, half the refrigerator space in the experi
ments described above was given to Bartlett pears. The pears had
been picked less than 24 hours before the experiments were started.
Those of the first experiment'showed a pressure resistance of 17
pounds and those of the second experiment a resistance of 15.6
pounds.

In both experiments pears were inoculated with Botrytis cinerea,
held in the refrigerators the full period of the test, and then removed
to room temperature. In both instances the rots on the fruit from
the carbon dioxide refrigerator were.found to be almost exactly two
days later than those on the fruit from the control refrigerator, in
dicating that the rots were held completely in check in the 2-day
treatment of the first experiment but were not completely inhibited
with the lower percentage of gas in the 4-day treatment of the second
experiment.

rawtyry^ftsty^ aa-iu-: mm
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In order to determine the effect of the carbon dioxide treat
ments upon flavor and keeping quality, some of the pears were
held in a warm room for immediate ripening and the remain
der placed in storago at 32° F. Sample lots were removed from
storage on September 15 and October 11 and shipped to Wash
ington, D. C, by ordinary express; larger lots were removed
to the Wenatchee hiboratory on October 10 and 21. In all cases
the fruit that had been subjected to carbon dioxide was found
to be firmer and to have less yellow in the ground color than
that from the control refrigerators. The treated pears that were
removed from storage October 16 and 24 showed an average resist
ance to pressure of 15.5 pounds and the untreated ones a resistance of
12.2 pounds. When the different lots were held under suitable tem
perature conditions to bring them to a like maturity no difference in
flavor could be detected between the treated and untreated fruit,
regardless of whether ripened immediately or held in storage.
When the different lots were held at room temperature for six days
after removal from storage it was found that the control fruit had a
much higher percentage of internal breakdown and several times as
many rots as the fruit that had been exposed to carbon dioxide.

A third experiment was made with Bartlett pears in pony refriger
ators, but with the treated fruit inclosed in 9-quart jars. The experi
ment was continued G4 hours, and 10 different carbon dioxide treat
ments were given, varying in percentage of gas and in period of ex
posure, and ranging ;lU the way from 25 per cent for 12 hours to 25
per cent for 24 hours, followed by 45 per cent for 40 hours. After
removal from the experiment the pears were stored and sampled, as
described above. No difference in flavor could be detected between
the treated and untreated fruit. The pears of this experiment were
slightly more mature than those of the first two experiments.

Pony-refrigerator experiments, similar to those already reported
for Italian Prunes and Bartlett pears, were made with Anjou pears
anil Jonathan apples. The. fruit was cooled somewhat more slowly
than in the previous experiments and the temperature in the carbon
dioxide refrigerator averaged about 5° F. higher than that in the con
trol refrigerator. The carbon dioxide content of the air in the test
refrigerator was maintained at practically 20 per cent throughout the
experiment. Part of the fruit was removed at the end of one day
and the remainder at the end of two days; each lot was taken im
mediately to cold storage. Sample lots of the fruit were remove*!
from storage on October 11 and shipped to Washington, D. C, b)
ordinary express; the remainder was removed to the Wenatchee
laboratory on November 10.

It was extremely difficult to decide upon the flavor of the different
lots of Anjou pears, as slight differences in maturity had a greater
determining value than the carbon dioxide treatments and the varia
tion within the lot was much greater than (hat between the lots; but,
on the whole, the percentage of pears that were somewhat lacking
in flavor and juiciness was apparently larger with the treated fruit
than with the untreated. No distinction could be made between the
fruit that had received the carbon dioxide treatment for one day and
that which had received it for two days.

At the time of picking, the Anjou pears showed a pressure resist
ance of 13 pounds. When removed from storage the treated fruit

:
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?909Wnnnn5eSist?^Ce °tu2A V*™^ and the Seated *resistance of12.2 pounds. After three days m a warm room the-treated fruit
8l°pounds anCe P°UndS aDd the untreated a resistance of

Alater picking ofAnjou pears was made, and carbon dioxide treat
ments were given as described in the third experiment for Bartlett
exDos'ur Th! 2™ Wlde Jange V? PercentaSe of gas and period ofnSvf f" /he st°ring and sampling were carried out as described
&TJ? W°An£U §ears- yhlen fully riP* *° difference could be?™Z£Ahe-?e*vuthe flav°f of the treated fruit and that of the un-
turftHrUfU Th/tfars of jbis experiment were slightly more mature than those of the preceding experiment, and it is possible that
mentsaw?rJhnn.f0r- ^ *"} 'YVl St°°d tke ^^SStoSSments with no evidence of reduced flavor.

j Snel ^ars ™re included ^ the tests reported in Figures 16 17
?dne t?eatmen°ts lmpairment of flavor under™? of the carbon dioJ:
7r Ifn£!!!0tI!.er ex?eriment S.ec.kel P^rs were held for 11 days at 66°
LVlt °Sr-C°nai?g 50 Per cent of carbon dioxide, and
fci7c?&2 evldent^urf atm°Spher6' ^^^^"^ *
those rPnnT^T £f ™31 P°ny-refngerator experiment* similar tothose reported for berries and peaches were made with freshly nicked
iME^r ^m thG Huds°n River Valley- The temSfinF in 1™/ ™^™to™ ™ practically the same, dropping to 5^*. m about 24 hours and remaining between 45° and 52° the re
mainder of the time. After three lays' treatment Ae pearswereplaced in storage at 32° F. Similar lots had been sLed immediately
at that temperature, and other lots were held at outside raantern*
foeoatUAreC SPri"?4?17 65°f°r the three da*s and t^Zed^t62 . After six weeks' storage it was found that fruit that had been
SuTw^^'08? 1C iS U] W-hich thi6 Carb°n dioxidrcontent wSS?n 5 Ton , nt m th,e begmning and tapered off to 25 per cent atthe end or 20 hours and to 10 per cent at the end of 30 hours was fn
better condition both as to firmness and as to the presence oNtoTwnS
p^Sh^fh*"1?!^had bcen stored ^2rPears that had been held in an atmosphere containing 50 to 75 ner
cent carbon dioxide in the beginning and tapering of?1 25 per c?nl
to pr^Soi^?^ 7*^ *° t° ?° h°Urs showed aresistanceto pressure oO per cent greater than the immediately stored fruit and
had less than half as much internal breakdown. The fruit that was
Mi^T^ihrTn\rPr ??", dayS and *»>•* heuS pony re?IIM ♦? • wlt,11.oufc1carbon dioxide for three days was much softer
o iteimin^ kldy ^ fruit and had a^r^ir„t^lfto^awlro^tftff Nf°fco"trast in ?avor was found between
ri£ was compared ^^ treatmcnts when fruit of ***** matu-

ArPLES

De^s7nnJhTlSreAVi0-USly' Jonathan aPPIes ^re included with thepeais m the first Anjou experiment. The storing and samplino-
JrZshlZ^Tw vrea.dy ft8??** in that experiment Th?SShin lS? Washington, D. C, it was found that the differenceswithin lots were greater than those between lots, yet on the whole the
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treated fruit was firmer and had slightly less flavor and juiciness
than the untreated. Among the apples removed to the Wenatchee
laboratory no difference could be detected in flavor or quality.

Ihe apples of the experiment described above were immature at
picking time and came from orchards where the fruit is of noto
riously poor quality. A second experiment was made with Jonathan
apples that were more mature and of better quality. The carbon
dioxide treatments were given as described in the third experiment
with Bartlett pears, with the same wide range in the percentages
oi gas and in the periods of exposure. After being held in storage,
as described for the Anjou pears, sample lots were shipped to Wash
ington, D. C, and other lots were removed to the Wenatchee labora
tory. The treated fruit was slightly firmer and made a better
appearance than the untreated, and in all cases had fully as "0od
flavor. J b

Yellow Newtown apples were subjected to the carbon dioxide con
ditions reported in Figure 25, without impairment of flavor.

In the fall of 1931 pony-refrigerator experiments similar to those
reported tor berries and peaches were made with freshly picked
Grimes Golden and Delicious apples from Virginia and Jonathan
apples from Mary and and from New York. After two days in the
refrigerators the fruit was placed in storage at 30° to 32° F with
other lots that had been held at outside temperature. Additional
lots were placed at 32° at the time of picking. After several months'
storage the fruit that had been exposed to carbon dioxide was found
to be m better condition as to firmness and freedom from soft scald
and other diseases than fruit that had been placed immediately at
82 while the fruit that had been delayed at outside temperature or
held in refrigerators without carbon dioxide was found to be softer
and to have a higher percentage of decay. No contrast in flavor was
found between the apples from the different treatments when fruit
oi similar maturity was compared.

GRAPES

Several varieties of grapes were tested and all showed extreme
tolerance of carbon dioxide. Cornichon grapes were included in the
experiment of Figure 4, Sultanina (Thompson Seedless) grapes in
the experiments of Figures 14 and 15, Catawba grapes in the experi
ment of Figure 10 and Concord and Malaga grapes in the experi
ment of Figure 20, with no apparent modification in flavor in any
case. J

Experiments were also made at (he constant, temperatures with
maintained percentages of carbon dioxide. In one test Sultanina
grapes were subjected to 40 per cent carbon dioxide at GS° F. for five
days and at 50° for seven days, and the flavor was still normal at the
end of the experiment.

In a second test Sultanina, Flame Tokay, Niagara, Delaware, and
Concord grapes were held in 50 per cent carbon dioxide at GG° F
With no impairment in flavor at the end of 9 days, but with (he first
three varieties becoming overripe-and somewhat insipid at the end
of 12 days. Similar lots were held at 48°, with no impairment in
flavor at the end of 15 days, but with the Flame Tokay and Concord

—1
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varieties noticeably insipid at the end of 17 days and the Delaware
at the end of 20 days.

In a third experiment, Cornichon, Niagara, Concord, and Dela
ware grapes were held in 50 per cent carbon dioxide at 67° F., with
good flavor at the end of 11 days and nothing more objectionable
than slight overripeness at the end of 13 days. Similar lots held at
49° retained good flavor at the end of 17 clays, but were slightly over
ripe and losing flavor at the end of 20 days.

In a fourth experiment, started later in the season (October 30),
Flame Tokay and Concord grapes were held in 50 per cent carbon
dioxide for eight days at 68° and 50° F. At the end of the experi
ment the flavor of the Flame Tokay grapes was good at both temper
atures, and that of the Concord was good at 50° but slightly off
at 08°. n J

In the last experiment, part of the grapes of each variety were in
oculated with Botrytis before the test was started. At the end of
eight days the control lots had 100 per cent of infection at 68° F.
and about 90 per cent of infection at 50°, whereas the grapes held
in 50 per cent carbon dioxide were entirely free from rot at both
temperatures. The experiment indicates that the use of solid carbon
dioxide should make it possible to greatly reduce grape rots in transit
without affecting the flavor of the fruit.

In storage experiments carried out in the fall of 1931 it was found
that shattering could be greatly reduced on Moore Early, Niagara,
Concord, Worden, Delaware, and Golden Muscat grapes by a day's
exposure to carbon dioxide gas. In most cases the period that the
fruit could be held without shattering was doubled by the carbon
dioxide treatments.

OHANGES AND MANGOS

Oranges and mangos were included in the tests reported in Figure
25. The carbon dioxide treatments of this experiment had no evi
dent effect upon the flavor of either of these fruits.

TOMATOES. STRING BEANS, AND PEAS

Small lots of ripe tomatoes were included in the tests reported in
Figure 2G. The carbon dioxide treatments described for this experi
ment had no evident harmful effect upon the tomatoes.

In one experiment string beans were held at GS° F. in 40 per cent
carbon dioxide for 21 hours; in another experiment string beans and
peas were held at "72° in 30 per cent carbon dioxide for 48 hours,
without impairment in flavor or condition.

CORN, CARROTS. AND CAULIFLOWER

Sweet corn was included in the tests reported in Figures 15, 17, 19,
and 20. It was also included in the test in which beans were ex
posed to 40 per cent carbon dioxide for 24 hours at 08° F.; in other
tests it was exposed to 40 per cent carbon dioxide for 48 hours at
32°, 41°, 50°, 59°, and 68°. Several different varieties of sweet
corn were used, and in all cases the corn that had been subjected to
carbon dioxide was fresher and sweeter at the end of the storage test
than that which had been held in normal air. Its superior condi
tion was evident after cooking as well as before.

•..-• • -. .- -..-•.-.-
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*nP<£r(its and tcauliflower were held in 30 per cent carbon dioxide at
a ZC j-u? ours* At the end of the experiment both the green

and the edible parts of these treated products were much fresher in
appearance than were those of similar untreated ones. The carrots
and cauliflower that had been subjected to carbon dioxide were much
sweeter than the controls. This was evident before cooking and still
more so afterwards. When cooked the treated carrots were dis
tinctly superior to the untreated. The treated cauliflower showed
a slight reduction in flavor or odorthat made the question of quality
a matter of personal preference.

DISCUSSION

As pointed out in the beginning (p. 1) the present investigation
was undertaken with the hope of finding at least a partial remedy
for the spoilage that results from the warm condition of fruit dur
ing the nrst hours after loading for shipment. The studies that
have been reported emphasize the hazards that must be met in at
tempting to securesuch a remedy by means of treatment with carbon
dioxide. In order to give satisfactory inhibition of the rots it has
been found desirable to have a concentration of carbon dioxide ap
proaching 25 percent, but experiments have shown that the exposure
of peaches or strawberries to 25 per cent of carbon dioxide cas for
as long a period as 24 hours is liable to affect the flavor, especially
I JrL," 1S . Id at the usual summer temperatures. This leaves
but little margin for safety. By using solid carbon dioxide in suffi
cient quantities to insure the escape of most of the carbon dioxide
gas from the car within 24 hours, it has been found possible to make
four experimental shipments with strawberries and five with peaches
m which a very significant reduction in rots and in the softening
flL™ J??i was obtained without any appreciable effect upon the
flavor of the fruit. Certain precautions were taken, however, which
would be impracticable in commercial shipments. The shipments
were followed m transit and frequent records taken of the gas con
centration. Moreover, the cars were examined in advance, and al
lowance was made for tightness and newness of construction. In
bnnW^ff *JPK* °f thc \°?d ?arbon dioxide was placed in thebunker, on top of the ice, so that it could be conveniently removed
it there was an indication of excess treatment.

Despite its practical difficulties, it should be noted that, as com
pared with other methods of protecting the fruit during the first
hours after loading, the carbon dioxide method has made a particu
larly good showing, indicating that even if the quantity of solid
«arbon dioxide was considerably reduced the treatment would still
be more effective than any convenient method of precoolin" now
available. Such a reduction would decrease the cost of the treat
ment as well as increase its safety. With the products mentioned
in this bulletin, aside from peaches, apricots, strawberries, and red
raspberries, this reduction would apparently be unnecessary, and in
fact the tolerance tests indicate that in many instances the severity
° ku « tmen* miSht be increased, if found desirable.
<iu ST?0* of thecarbon dioxide treatment is shown in Figure 34.Jhe solid-line curves of this figure give the average of the tempera-
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tures that prevailed in the control cars in 13 refrigerator-car experi-
Su11^ i v ^!}™> 5 with Peaches, and 4 with dewberries.
w™oHf T lU the}?Tr half of the figure give the approximatetemperatures that would have been required in the top of the test
cars to have secured the inhibition obtained by the use ofsolid carbon
dioxide. The effect of the treatment upon thesoftening of the fruit
inthe top ofthe car was such as to justify ahypothetical temperature
curve below the average for the bottom of the control care. The
effect upon the rots in the top of the test car was sufficient to bridge
about 75 per cent of "•» &
the gap between the
results in the top and
the bottom of the con
trol cars and to re
quire a temperature
•curve almost identi
cal with that for the
Dottom center of the
•control cars, averag-
i n g "approximately
10 degrees lower than
the curve for the top
of the control cars.

The hypothetical
temperaturecurvesin
dicate the value of the
carbon dioxide treat
ments, but it is not
considered that they
give a proper picture
as to the time when
the inhibition actual
ly occurred. Within a
half hour to an hour
after loading the car
bon dioxide gas had
mounted to a per
centage that should
cause an inhibition
of the rots equal to
that resulting from a

tim,PeininTnPe,:atlU5 °f 207° 4°° F"J this "^ibition probably con-?# ST *vTOng deSrecs from 12 to 30 hours, leaving the controlof the rots during the latter part of the shipping period to be deter
o? the llT^ r7 *TP"*™* The ^Uickne^ ^ -h£b the action
its favor °an ° made effcCtive is an imP°rtant point in
mi^e«f^hfa%been ?Lade of tho ^act thafc the carbon dioxide treat-
Suh,SS^ •aV°r the Prese!;Yation of the sugar content. Chemi-cal studies are in progress on this phase of the problem

III II IteliiTllllTllPnWl Hlllll HIHHM MhWMMMHl

Fl?«mLil,f;rC"rv,'s„sl,ow,nK average enrbon dioxide and
m,"iVS talr«i*f°"tl,,I,T '." 1:J Wrlgerator-car ship.5?ih T,4iw,tih strj!wb<*rles. 5 with peaches, and 4
with dewberries. The upper curve elves the average
ffi0"iVr ottCt?* fas w,,cro solid cS was* uUtEIsolid lilies of the lower curves give the average tern-
pcratuTOM in the control cars: r, Top of car: bo bot-
torn renter- lb. bottom bunker r, approximate' tem
peratures that would hove been required In the top of
J !'.'♦ ^ l'nvH}° »javc produced the effects upon the rots
that were actually obtained by the supplementary use
of so Id CO,; /. a similar record for tie effects upon
the rate of softenlnc of the fruit

TM/ab cw sve/er* /i*F"
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SUMMARY

J*"ous fruits and vegetables have been subjected to different per-
centages of carbon dioxide, under a variety of temperature conditions, with the object of finding amethod of decreaTg^ tneVoHate
that occurs in the first 24 to 36 hours after loading a warm product
™tl refriger£t0r carV7Th° c°ntrol of diseases and otherforafolspoilage has been readily accomplished, but the effect of the carbon
lwSSnUP°/1 ft •flaV?^ °,f <£e product nas been f°und to set definftelimitations to this method of treatment. w

The most serious limitations have been found with peaches apri
cots, strawberries and red raspberries. Plums, cherries, blackber
ries, blueberries, black raspberries, currants, pears, apples and
oranges have shown a greater tolerance of the gas. Grapes peW
sweet com, and carrots have stood extreme^ treatments' wTh
particularly favorable results. u lun

The first objectionable effect resulting from excessive carbon di
oxide treatments was a slight loss of aroma. With more proloLed
or severe treatments, this was followed by a still ™"tertsof
flavor and sometimes by the development oi\n odor 0gf ffrmentation
or other objectionable Quality. Products having a definite and char
acteristic aroma were the most easily affected

High percentages of carbon dioxide were more harmful than
lower ones; yet, with 25 per cent or more of the gas, increase in con"
CeThfi°fWd^ greally dSrt<?Sthe Period of s^ treatment.fl/;™ °* the carbon dioxide upon the flavor increased with
an increase in temperature ma manner that indicated a relationship
with general metabolic activities. Exposure of peaches to 25 pe?
cent or more of carbon dioxide for 1 day at 77° F. had about the-

at 50°, or 4 days'exposure at 41°. J l
The flavor of peaches and strawberries remained normal in pony-

refrigerator and other experiments where the carbon dioxide content
of the air had fallen to 25 per cent by the end of 12 hours and to 10
per cent within 24 hours, but in cases where this treatment was
greatly exceeded there was often a question in regard to flavor
Apricots and red raspberries showed a similar susceptibility to in
jury while all the other products that were tested snowed a much
greater tolerance of carbon dioxide, most of them a tolerance two to
six times as great.

With strawberries at temperatures ranging from 32° to 77° F
Botrytis and Rhizopus rots were fairly well inhibited by 23 per
cent of carbon dioxide and completely inhibited by 37 per cent
or more of the gas. Botrytis inoculations on Bartlett pears and
Moniha inoculations on Italian Prunes were held completely in
check by 20 to 30per centof carbon dioxide and greatly inhibited by
12 to 15 per cent. J

In a series of experiments with Monilia inoculations on peaches
it was found that within the range of 10 to 50 per cent of carbon
dioxide the average reduction in efficiency of the fungus was ap
proximately twice that of the percentage of gas used. At 77° F.
within a range of 10 to 40 per cent, the carbon dioxide had an effect
upon Moniha rot approximately equivalent to that of reducing the
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temperature as many degrees as the percentage of gas used. At lower
temperatures the reduction in theefficiency of thefungus was equally
great, if not greater, but the equivalent temperature reduction was
necessarily less.

C£rbPn.dioxide was even more efficient in checking the softening
of the fruit thanin preventing thedevelopment of rots. With 25 per
cent or more of the gas the softening of strawberries was almost
completely inhibited, and the softening of warm peaches was as
greatly checked as by a drop in temperature of 18 degrees or more

In pony-refrigerator^experiments, Bartlett pears and Grimes
golden, Jonathan, andDelicious apples were held as firm and as free
from disease by initial carbon dioxide treatments as by immediate
storage at 32° F.
.^o11 4ioxide treatments have been found ofvalue in preventing
the shattering of grapes. fo

Sweet corn, caiiliflpwer, peaches, and carrots that had been exposed
to carbon dioxide were found to be distinctly sweeter than those
neld m normal air at the same temperature.

Fourteen refrigerator-car experiments were made in which solid
carbon dioxide was used as a supplementary refrigerant and as a
source of carbon dioxide gas. Four of these were with strawberries
five with peaches, and five with dewberries. In one instance the
carbon dioxide content of the air remained below 10 per cent and
miT,,h£r,mst?!;Ce lfc stood at about 15 Per cent for several hoursand fell below 10 per cent at the end of 12 hours; but in most cases
XT"™1?76 20 per cent for 5 t0 12 hours and above 10 per cent for
15 to 24 hours. L

These carbon dioxide treatments had no objectionable effect upon
flavor, but m two peach shipments that received the maximum treat-

; ment-a slightJ change in flavor could be detected when the fruit
e was held till fully ripened.

The carbon dioxide treatments had an average effect upon the
rots in the top of the car equivalent to a lowering of 10° F in tem
perature throughout the trip, or to an average lowering of tempera
ture of 21° during the first 36 hours of the trip.

The fruit in the top of the test cars showed greater firmness at
destination than the fruit m the bottom of the control cars, despite
the fact that the temperature in the bottom of the control cars
averaged about 13° F. lower than the temperature in the top of the
same cars.

The carbon dioxide treatments had a favorable effect upon the
fruit m the bottom of the test car, as compared with fruit in a
similarposition in the control car; but in both cases this fruit was

TTa 7 protected by the usual methods of cooling.
Under the conditions of the shipping experiments reported, the

inhibiting effect of the solid carbon dioxide has been almost entirely
' due to the carbon dioxide gas, the refrigerating effect of the solid

carbon dioxide being largely offset by a slower melting of the ice
in the bunkers.
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