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Air Transport of California Strawberries:

Pallet Covers to Maintain Modified Atmospheres

and Reduce Market Losses

By John M. Harvey, investigations leader, C. M. Harris, plant physiologist, and Frank M. Porter, plant pathologist.

Market Quality Research Division, Agricultural Research Service

SUMMARY

Various types of pallet covers were tested as a

means of maintaining high carbon dioxide (C0 2 )

atmospheres during air transport of California

strawberries. The use of dry ice with covers that

provided an effective gas barrier resulted in at-

mospheres with 20 percent or higher concentra-

tions of C0 2 . Both curtain-coated fiberboard and

heat-shrunk polyethylene covers were effective.

Berry temperatures in the top layers of pallets

averaged about 38° F. at shipping point and 50°

at destination ; respective temperatures in the mid-

dle layers averaged 39° and 42°. Ambient tem-

peratures averaging 64° at the origin airport and
58° on the plane contributed to the rise in fruit

temperature.

Relative humidity on the plane was generally

about 11 to 12 percent.

Time from shipping point to wholesale delivery

averaged about 13 hours for nonstop flights in

which actual flying time was about 5 hours.

Shelf life of berries was increased by high C0 2

atmospheres, which reduce decay during market-

ing. Overall cutting and bruising injury of berries

averaged about 4 percent.

BACKGROUND

Production of strawberries in California in 1969

was 268.8 million pounds, with a value of about

$60.7 million. California produces about three-

fourths of the total United States production of

strawberries marketed as fresh fruit. Marketing

of the crop starts in February and continues until

rain or frost occurs, usually in November. About
202.4 million pounds of the California crop were

shipped fresh and about 149.6 million pounds were

shipped out of State. Of the out-of-State ship-

ments, 38 million pounds were by air, 5.6 million

pounds by expedited piggyback freight, and 115.5

million pounds by truck. No berries were shipped

by railway express for the first time in many years.

Most truck and piggyback shipments go to markets

west of Chicago, and most air shipments go to

markets east of there. The value of strawberries

shipped out of State was about $37.4 million in

1969.

Surveys in the New York and Chicago markets

indicate that losses in California berries due to

decay and physical damage average from 20 to

26 percent through the consumer level,1 which

would constitute a monetary loss of $7.5 to $9.7

million. These losses could be reduced by better

control of transit temperatures, improved packag-

ing, modified atmospheres, and other decay control

measures.

Strawberry temperatures during air transport

are generally higher than during surface trans-

portation, because of the lack of refrigeration (6,

7, 8, 9, 10, 11
)

2 during a large part of the transit

period. Previous research has shown that straw-

1 Personal communication from J. Kaufman and L.

Beraha, investigations leaders, Market Pathology Lab-

oratories, U.S. Department of Agriculture.
2
Italic numbers in parentheses refer to Literature Cited,

p. 10.

1
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berries suffer about twice as much decay at 55° F.

as at 34:° and about four times as much at 70° as

at 34° (6). Other types of deterioration show a

similar temperature relation. Modified atmos-

pheres with 20 percent or higher carbon dioxide

(C0 2 ) levels have been shown to reduce the ac-

tivity of decay-causing organisms (1, 2, 3, 12, 13)

and also to reduce losses from decay under con-

ditions of air transport (9, 10, 11).

An effective method of maintaining high C0 2

atmospheres in transit was needed. Since straw-

berries are commonly palletized before shipment,

research on various types of pallet covers was con-

ducted to determine their effectiveness as gas bar-

riers, their effect on transit temperatures, and their

consequent influence on decay of berries shipped

in them.

MATERIALS AND METHODS

Strawberries for air shipment are usually pal-

letized in units of 60, 72, or 84 flats. Most pallet

loads of berries are covered with a fiberboard

sleeve and cap ; some, however, are shipped with-

out covers in early spring because of the cool

weather.

Test Packages

Strawberries for test packages were selected

at the receiving dock of the precooling plant for

uniform quality, size, maturity, and field of origin.

The test flats of berries were placed in the top and
middle layers of each pallet load of fruit tested.

Pallet Covers

Four types of pallet covers were tested: (1) A
sleeve and cap made of corrugated fiberboard, (2)

a sleeve and cap made of "curtain-coated" fiber-

board, with the seams taped, (3) a sleeve and cap
made of "curtain-coated" fiberboard, with a dou-

ble-fold and strapped closure, and (4) a 3-mil-

polyethylene cover that was heat-shrunk over the

pallet load of berries. The floor of the pallet used
with each type of pallet cover was provided with
a covering of the same material used in the sleeve

and cap.

Curtain-coated fiberboard is made by passing
the fiberboard beneath a flowing curtain of molten
waxes and resins. The curtain consists of a blend
of paraffin, polyethylene, and other resins, heated
to 225° to 240° F. The process results in a uniform
coating of the fiberboard ; the thickness of the coat-

ing depends upon the speed at which the fiber-

board passes beneath the curtain and also upon
the flow rate of material in the curtain.

Closures for curtain-coated pallet covers were

made either by (1) taping the bottom and cap to

the sleeve with a 4-inch polyethylene pressure-sen-

sitive tape (fig. 1, A, B) or (2) folding the cap

and bottom of the pallet cover tightly over the

sleeve and strapping them in place (fig. 1, C, D)

.

The polyethylene covers were in the form of

large bags that were pulled down over the pallet

loads (fig. 1, E). The closure was at the bottom

where the bag overlapped the margins of a sheet

of polyethylene previously placed between the

wooden pallet and the fruit stacked upon it, The

cover was heat-shrunk with a blast of hot air that

pulled the film tightly against the pallet load and

also drew the bag and base covering tightly

together.

All fruit was precooled before applying the cov-

ers and 6 pounds of dry ice (as a source of C0 2 )

was placed in an empty berry flat in the top layer

of the pallet load. The dry ice was wrapped in

heavy paper to slow the rate of sublimation, and an

additional empty flat was set below the one with

the ice to prevent freezing of adjacent fruit.

Atmosphere Sampling

A plastic tube was inserted into the pallet load

to measure carbon dioxide and oxygen levels at

intervals in transit, The place at which the tube

passed through the pallet cover was carefully taped

to prevent leakage of gases. Atmosphere composi-

tion was determined with an Orsat-type analyzer.

In unaccompanied tests, an atmosphere analysis

was made at the airport before departure and also

on arrival at the destination airport, In accom-

panied tests, additional analyses were made in the

plane and at transfer or stopover points.
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A and B, Curtain-coated pallet cover with taped closure : C and D. curtain-coated pallet cover with fold-

strap closure : E, shrink-wrap polyethylene pallet cover.
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Temperature Measurement

Transit temperatures of berries were measured

with thermocouples inserted in berries in the mid-

dle and top layers of each pallet of fruit. In ac-

companied tests, temperatures were read on a po-

tentiometer at intervals during handling and

transit. In unaccompanied tests, temperatures were

read only at shipping point, at the origin airport,

and at destination; in addition, recording ther-

mometers were placed in empty berry flats in the

top and middle layers of each pallet.

Relative Humidity Measurement

Relative humidity in the cabin of the airfreight-

er was measured with a sling psychrometer. Wet-

and dry-bulb readings were converted to relative

humidity by the use of a psychrometric chart cor-

rected for a 5,000-foot altitude. Cabin pressure was

maintained at a level approximately equivalent to

this altitude.

Commercial Handling

Test shipments were handled in transit accord-

ing to conventional commercial procedures. Infor-

mation on the test shipments is given in table 1.

The pallets were conveyed from shipping points

to the airports in refrigerated trucks. At the air-

port the pallets were either placed on a master
airline pallet and covered with a cargo net or

placed in a fiberglass-covered igloo. The berry pal-

lets were handled in units of six. After "unitizing,"

the berries were set in a holding area to await load-

ing on the plane.

In accompanied shipments, the test pallets were

placed in the forward position in the cargo com-
partment of the airfreighter so that they were ac-

cessible for temperature and atmosphere readings

in transit. Thermocouple leads and gas sampling
tubes were passed through a safety net between

the cargo compartment and a vestibule behind the

pilot's cabin; instruments were then attached to

the lines. This procedure permitted the collection

of data in the vestibule. In unaccompanied ship-

ments, the test pallets were placed at random
positions within the airfreighter, according to

load-balancing requirements of the airline.

At terminal airports the individual berry pallets

were transferred to a refrigerated truck that

hauled them to the wholesale market.

Evaluation of Test Packages

Test flats of berries were recovered at the whole-

sale market and taken by automobile to the U.S.

Department of Agriculture's Market Pathology

Table 1.

—

Air shipping tests with California strawberries

Date Carrier and flight No. 1 Shipping origin in

California 2

Stops or transfers

en route

Destination 3 Accompanied

1968

Mar. 28 AAL 842 Anaheim... _ „ None New York....

Apr. 3 TWA 600 do None do
June 12 UAL 9972 Watsonville None do

June 19 UAL 9974 do Cleveland do
Aug. 28 AAL 868 do None do
Sept. 17 UAL 9972 do None do
Oct. 1 UAL 9994 do Chicago Philadelphia.

Oct. 9 UAL 9972 do None New York...

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

1969

June 3_... UAL 2872 do None do..

Sept. 9... AAL 828 do None do..

Oct. 1 UAL 2874 do Cleveland do_.

Oct. 8 UAL 2982 do None Chicago.

No
No
No
Yes

1 AAL, American Airlines; TWA, Trans World Airlines; and UAL, United Airlines. These are regularly scheduled cargo flights.

2 Flights for shipments from Anaheim originated at Los Angeles International Airport; those from Watsonville originated at San Francisco International

Airport.

3 All shipments destined for New York arrived at John F. Kennedy International Airport.
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Laboratory for detailed examination. Separate lots

of berries were examined on arrival and after hold-

ing 1 day and 2 days at 60° F. The berries were ex-

amined individually for decay, cuts and bruises,

and other defects. Data for decay and cuts and

bruises were treated statistically by analysis of

variance. Data on atmosphere modification were

averaged for test pallets in which C0 2 levels were

20 percent or higher and for camparable check lots

without C0 2 . Transit temperatures are averages

for nonstop flights.

RESULTS

Atmospheres in Transit

Carbon dioxide concentrations hi the atmosphere

during air transport of strawberries in three types

of pallet covers are shown in figure 2. The C0 2

built up rapidly between shipping point and origin

airport and approached a maximum by the time

the first reading was taken on the plane. Carbon

dioxide levels were slightly higher in intact shrink-

wrap covers than in the coated-fiberboard covers.

However, a number of the shrink-wrap covers were

torn before reaching destination, which caused a

loss of C0 2 .

Oxygen levels within the pallet covers rarely

were reduced below 15 percent; this level had no

effect on the berries or decay organisms.

No atmosphere modification occurred in the un-

coated fiberboard covers.

Temperatures in Transit

Berry temperatures in the top layers of the pal-

lets averaged about 38° F. at shipping point and
about 50° at the destination airport (fig. 3). The
temperature rise was greatest during the 2y2 hours
at the origin airport, after which there was a

6 7 8
HOURS

Figure 2.—Carbon dioxide modification during air transport of strawberries in three types of pallet covers.
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gradual rise on the airfreighter. Most berries are

carried in refrigerated trucks to the origin airport

and from the terminal airport to the wholesale

market, which prevents a temperature rise during

these portions of the transit period.

Berry temperatures in the middle layers of the

pallets averaged about 39° F. at shipping point

and 42° at the destination airport (fig. 3).

A comparison of 1968 and 1969 tests (fig. 4)

shows average temperatures of berries to be slight-

ly lower in 1969—a reflection of the switch to

forced-air precooling by the strawberry industry

(4-, 5). Berries that start cooler usually remain

cooler throughout transit than berries that are not

precooled so well.

Ambient temperature averaged about 40° F. in

trucks between shipping point and origin airport,

64° at the origin airport, and about 58° on the air-

freighters. Temperatures at terminal airports also

were about 58°, since most flights arrived early in

the morning. Temperatures in refrigerated trucks

between terminal airports and wholesalers also

averaged about 40°.

Relative Humidity in Transit

Relative humidity in the aircraft during flight

ranged from 10 to 20 percent, but generally was
about 12 percent.

Time in Transit

Most strawberry shipments averaged about 13

hours from shipping point to delivery at the whole-

sale market (fig. 2). Xonstop flights from west to

east coast generally required about 5 hours. In ad-

s'
' \\V*\\W\\«

^AIRPORT^TRUCK^

illinium"

6 7 8
HOURS

Figure 3.—Temperatures of strawberries in top and middle layers of strawberry pallets during air transport from

California to Eastern U.S. markets.
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Figure 4.—Temperatures of strawberries during air transport from California to Eastern U.S. markets, 1968 and 1969.

dition, 4 hours were spent in airports and 4 hours

in trucks. Thus, even with nonstop schedules, only

about 40 percent of the total time in transit was

spent on the plane, while 60 percent was spent dur-

ing ground transportation and handling.

Decay

Strawberries shipped in pallet covers in which

C0 2 levels were 20 percent or higher had 1.1 per-

cent decay on arrival, 2.5 percent after 1 day, and

11.0 percent after 2 days at 60° F. (table 2). Ber-

ries shipped without C0 2 had 0.9, 3.6, and 18.4 per-

cent decay, respectively, at these examinations. The
beneficial effect of C0 2 was not evident immediate-

ly after transit (arrival examination), but the in-

creased shelf life became apparent during holding

at 60°.

Decay of berries in the top layers of the pallets

averaged 6.6 percent and that in the middle layers

averaged 5.9 percent. This difference was not great

enough to be statistically significant.

Cutting and Bruising

Cutting and bruising of berries averaged 5.0

percent in the top layers of the pallets and 3.0 per-

cent in the middle layers (table 3) . Berries shipped

in pallets with high C0 2 levels averaged 3.5 per-

cent cutting and bruising; those with low C0 2

averaged 4.5 percent. If the C0 2 had sufficiently re-

tarded ripening, less cutting and bruising would

have been expected in the lots with high C0 2 .

However, differences in cutting and bruising due

to position and atmosphere were not great enough

to be statistically significant.
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Table 2.

—

Percentage decay in California strawberries shipped by air to Eastern U.S. markets

Percentage decay of berries at indicated examination and position J in

pallet load

COs atmosphere in Mean atmosphere
transit

'

Arrival After 1 day After 2 days

Date of shipping

Top Middle Top Middle Top Middle

1968

Aug. 28 High.

Low.

Sept. 17. High.

Low..

Oct. 1 High.

Low—

Oct, 9 High.

Low..

1. 4 1. 2.7 1. 2 13.4 7.4 4. 5

1. 4 1. 3 3. 2 3. 9 12.4 15. 6. 2

. 6 . 3 1. 7 1. 4 17. 2 10. 7 5. 3

. 6 . 9 1. 8 1. 8 31. 5 39. 5 12. 7

1.4 . 6 1. 8 2. 6 7.0 5. 6 3.2

. 9 1. 8. 2. 25.9 11. 6 8. 2

2. 1 . 6 3. 8 4. 20. 12. 7. 1

. 8 1. 5. 8 17. 12. 6. 1

1 969

June 3 High.

Low..

Sept. 9_.._ High.

Low..

1. 4 2. 5 3. 6 12. 5 10. 9

. 8 . 6 3. 8 7. 1 22. 8 21. 4

2.4 2. 2. 2 2. 8 7.4 7.8

. 7 2. 3 2. 2 2. 8 2. 3 9. 7

1. 5 . 7 2.4 2. 6 12. 9 9. 1

. 7 1. 1 3. 3 3. 9 18. 6 18. 2

5. 1

9. 4

4. 1

3.3

Mean:
High CO2 X examination X position^

Low C02 X examination x position..

Mean: 3

High C02 X examination-

Low CO2 X examination..

1. 1 a 2. 5 a 11. b

. 9 a 3. 6 a 18. 4 c

4. 9 a

7. 6 a

Mean for examination 3
. 1. a 3. a 15. b

1 High carbon dioxide atmosphere, 20 percent or higher; low carbon dioxide atmosphere, normal air.

2 Means for top and middle layers are 6.6 percent and 5.9 percent, respectively, and do not differ significantly at 95-percent level.

3 Means within a block followed by the same letter do not differ significantly at the 5-percent level.
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Table 3.

—

Cuts and bruises in California strawberries shipped by air to Eastern U.S. markets 1

Date of shipping CO2 atmosphere

in transit 2

Percentage cuts

and bruises 3 of

berries in

—

Mean Date of shipping COj atmosphere

in transit J

Percentage cuts

and bruises 3 of

berries in- Mean

Top
layer

Middle

layer

Top
layer

Middle

layer

Aug. 28

1968

.. High
Low

... High
Low

... High
Low

... High

Low

2. 2

. 7

9.

3. 8

3. 1

3. 1

4. 9

5. 2

0. 3

2. 1

3. 7

3. 3

2. 5

1. 9

6. 3

1. 7

1. 4

6. 3

3. 5

2. 8

2.

2. 4

5. 8

1969

June 3 - High
Low.. .

3.4

. 16. 7

7.9

2. 9

5. 6

9.8

Sept. 17

Sept. 9 . High
Low

3.

. 4. 5

1. 8

4.

2. 4

4. 2

Oct. 1_.

Mean: 4

High C02 X
Low C02 X

position ...

position

4. 3

. 5.7

2. 7

3.4

Mean :
*

High C02..._

Low CO2--- .

3. 5

4. 5
Oct. 9

Mean 4 for position__ 5. 3.

1 Berries rated for cuts or bruises at arrival examination only.

2 High carbon dioxide atmosphere, 20 percent or higher; low carbon dioxide atmosphere, normal air.

3 Cuts and bruises Y% in. or more in diameter.

* Differences in means not statistically significant.

DISCUSSION AND CONCLUSIONS

Modified atmospheres in which carbon dioxide

levels were 20 percent or higher in transit were ob-

tained in commercial strawberry shipments with

either coated-fiberboard or shrink-wrap pallet cov-

ers. Supporting laboratory studies (12, 13) have

shown that rhizopus rot of strawberries is signifi-

cantly reduced by C0 2 levels above 10 percent and

that gray mold rot is significantly reduced at levels

above 20 percent under simulated air transit and

marketing conditions. No off flavors develop unless

C0 2 levels are above 30 percent, and these disap-

pear when the berries are placed in normal air for

24 hours (2). The shipping tests reported herein

also show a reduction of decay with elevated C0 2

levels in the atmosphere.

Transit temperatures in these tests were some-

what lower than those observed in earlier tests

(7, 8, 9). This improvement is due in part to the

more widespread use of forced-air precooling by

shippers and also to the increased number of non-

stop freighter flights to eastern marketing areas.

Forced-air cooling has resulted in lower average

berry temperatures at shipping point and also in

more uniformly low temperatures throughout the

pallet than could be obtained with older cooling

methods. Berries with lower temperatures at ship-

ping point also have lower berry temperatures at

destination than those not so well precooled (fig.

3). However, high temperatures in the top layers

of fruit are still a problem.

Nonstop freighter flights eliminate the tempera-

ture rise in strawberries that previously occurred

at transfers or stopovers en route. However, at an

average cabin temperature of 58° F., a gradual

warming of berries still occurs on the plane. The

nonstop flights also contribute to a reduction in

total transit time from shipper to wholesaler. This

time averaged about 13 hours, compared with

about 18 hours in earlier tests (7,8,9). Improved

air schedules and faster precooling, together, per-

mit delivery at the wholesale market on the morn-

ing after the day of harvest in California. Older

precooling methods often required overnight hold-

ing at the precooling plant before shipment.

Relative humidity as low as 10 percent during

flight would have a drying effect on berries and is

an additional reason for protecting the fruit with

pallet covers.
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