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Technical Bulletin No. 627 b/ : August 1938

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

BODY ICING IN TRANSIT REFRIGERATION
OF VEGETABIES

By L. 12 Mavusox, assaciafe horticndinrisi, and . T, Peyvzik, physiologlst,
Division of Fruit and Vegetable Crops gnd Deseases, Burear of Plant ndustry 12
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INTRODUCTION

The reflrigeration of certain vegetables in transit by hody icing,
that is, by placing ice in the car in divect contact with the lading, is
o practice that bas been followed for many yvears, Information as to
who originated the practice or when it originated is lacking as little
has been published on the subject. One of the earliest uses of body
lcing was apparently in the shipment of barreled beer. Fish has been
shipped for many years with ice in the package or on top of the lading.

This methed has been used for a long time in the shipment of

*L3uhmitied for publivation Februnry 7, 1938,

A Thaexparimental work prior to 1930 was under the direet supervision of Lon A, Hawking, thereniter unider
the-direction of D. ¥. Fisher. Other staff members who assisted in Ehese Lesls weee W. 5. Graham, R, T
Nawton, C, W_ Alang, R. C. Wright, G. B. Ramsey, 0. 0. Brailey, I. 5. Wiant, P. I, Harding, and ©. E.
Asbury, of the Division of Fruit and Verstable Crops and Disepses, and W. V. Hukill, of the Bureau of
Agricultural Enginecring, Delhert Garman, of the Interstale Commeree Commission, necormnponied each
of the tests mrde prior to 1935 as an ohserver, A. F. Wablstrom and E. A, Gorman made the demwings.
"THig wriiers ars indehted to R, C. Wright for the data on rata of cocling and sugny content of green core.  ‘The
generolrs coopernlinn of the Pacifle Fruit Express Co., 8anta Fo Refrigerator Departioent, Northern Pacific
Jtefrigerntor Depnrement, Fruit Growers Express Cn,, American Refrigerater Trnnsit Co., and the Atlanlic
Ceast Line, tha Chicugo.'l)ur]ington d&r Quiney, tha Doanver & Rio Gronde, che Erie, (ke Missourd Pucific,
th¢g Northern Pacifie, the Pennsylvonia, the” Richmond, Fredericksburg & Totomas, the Senhoard Alr
Line, and the Wubash railroads, and Lhe connecting lines over which the transpertation tests were routed is
acknowledged; slso thie conperation of shippers at the various shipping peintsin forwarding shipmentsunder
variogs experimental mathods of refrigaration. Specind ackn owledgment Is made to the ra]pr&senwti\'es afl
the railroads end refrigerator car lines who participated in these tests and rondered materlal nssistanea in
the handling of the lest ears en route.  Without the cooperation and assistanice of the sgencies mentioned
tha investigation could not have been made.
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spinach, particularly from cerfain regions where it was shipped in box-
curs. The walue of body ieing in shipping spinach from Texas ip
refrigerator cars was made the subject of an investigation by the De-
partment of Agriculture in 1921.° In recent years the use of body
ice has become quite common in shipping green peas, cabbage, green
corn, bunch carrots, bunch beets, celery, cauliffower, ragishes, lettuce,
spinach, and otherleafy vegetables thatare not injured by being shipped
wet. This method is employed in the western and southern parts of
the United States, but it 1s not used to any considerable extent in the
Middle Western or Northeastern States except when @ long rail haul
is necessary. i . o . .

The refrigerator car is designed primarily to refrigerate commodities
by means of ice in the bunkers or speclal compartments, which are
provided with drains for eliminating water from the melting ice.
Until after this investigation there was no provision made for removing
the water from ice placed with the lnding in the body of the car, or
for waterproofing the floors. Since the completion of certain phases
of the investigations in 1927 ncarly all refrigerator cars have been
cquipped with waterproofed floors and an outlet has been provided
for the water from the melted body ice.

The use of body ieing brings up the question of the effeet of the
water from the melting lee on the insulation and floor of the car, as
this occasion=iy amounts o several tons, Most insulation in common
use, or aaidable for use in refrigerutor cars, will absorh water, but
with suc'i absorption its cfficiency in retarding the fow of heat Is
greatly lowered. The effeet on the wooden floor of the car Is important,
it being well known that wood when wet and exposed to the air will
rot unlest treated with some fungicidal material, and that 16 will de-
teriorate 1auch more rapidly if kept moist than if kept dry.

At the instance of both shippers and earriers, o cooperative investi-
gation by the Department of Agriculture and the Inferstate Com-
merce Commisgion was undertaken in 1924 to determine (1), whether
produce commonly shipped under body ichng can be transported to
market in good conditivn without body lcing, or whether some form
of body icing is necessary; (2), the effect of the water from melting
hody ice on the car; and (3}, how damage to curs,if found resulting
from body icing, can be prevented cconomically and effectively. No
attempt was made to determine the value of hody icing for all the
commodities with which it is employed, the tests being limited to the
more important ones, The work reported in this bulletin is confined
to that on lettuce, cuuliflower, and green corn.

A complete and detailed report * was mimeographed and releascd
at the close of certain phases of the investigation in 1927, but copics
of this report are no longer available. The results relative to the effects
of body icing on car structure were imuedintely transmitted to the
carriers which instituted and have since largely compleled necessary
modifications in methods of insulating and waterproofing the car floors
to permit body icing to be used satisfactorily. Details regarding these
studies therefore are omitted from this bulletin as havine served their
purpose, but information relative to the use of body icing in the re-
frigeration of different vegetables in transit is still i demand. This

3 RoLEY, V. W. HANDLING SPINACH FOR LONG-DISTANCE SIIPMENT. T7. & Deph. Apr. Farmers’ Bl
T185: 8. 1621 Qat of print, hod mey be eonsalted In lihrories.

i AwEInS, Ta8 A, TAvLOR, U, If, MALLSoR, I D). INVESTHGATION ON THE HOBY IUING OF VEGE:
TaBLEs. UL 5, Depl. Agr. p M3, Mus. 20927 Mimeographed. |
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portion of the report therefore is being placed in permanent form,
together with. results of certain other work along the same line done
at a later date.

DEFINITION OF TERMS

Definitions of several technical terms, as used in this bulletin, follow:

“Package ice” is the ice placed in the package with produce; “top
ice” is the ice placed over the top of the load; “body iee” is any ice
placed with the load in the body of the aar; “‘pigeonhole ice” is chunk
1ce placed In spaces left between packages in the load; “bunler ice”
is the ice (usually in ehunk form) placed in the bunkers of the car.

“Btandard refrigeration” is the filling of the bunkers to capacity,
%‘enerally prior to loading, and then refilling at all regularicing stations.

‘hese stations are generally spaced so that the cars are reiced ab least
once each 24 hours. “Initial icing” is filling the bunkers to capacicy
ab shipping point and not reicing them in transit,

A “layer" is a horizontal section of the load, one package in heigh,
and 1s numbered from the bottom of the car; & “row” is a vertiesl
section of the load, running lengthwise of the car, one paclkage in
width, and is numbered from a side wall; a *stack™ is a vertical scetion
of the load, crosswise of the car, one package in length, and is num-
bered from a bulkhead. As used in this report the “bunker position”’
1s in the stack next to either bunker bulkhead; the “quarter-length
position” is in the stack midway between a bullkchead and the doorway,
while the “doorway position’ is in the stack between the doors. A
“through load” is one in which the packages are continuous between
the bulkheads, while a “divided load" has an open space between the
doors and is braced with wooden timbers to prevent shifting of the
packages,

EXPERIMENTAL PROCEDURE

The experimental work consisted of making observutions on ship-
ments of vegetables under various methods of refrigerntion. In any
particular test the shipments came from the same or nearby shipping
points and all usually had the same destination. The time of loading
and unloading was approximately the same for all ears, Two types
of tests were made and are referred to as transportation tests and
shipping tests. Transportation fests were those in which observers
accompanied the cars and obtained a complete record of conditions
In teansit; shipping tests were those in which one or more cars were
shipped from the same locality but were not nccompanied by ob-
servers.  In some of the Intter, temperature records were obtained
with thermographs placed in various parts of the ioad, genecrally
within pockages. In these tests no ohservations were made on ice
mel.age or outside temperatures in transit.

The lading of test cars was carefully inspected for guality and con-
dition at time of loading. When package ice was used in lettuce
tests, the ice for 12 erates was weighed and the packages were loaded
in the first, fourth, and eighth stacks, center row, one in each of tha
four layers. These crates were opened at destination and the un-
melted ice was removed and weighed to determine the meltage in
transit.  All other body jce was either weighed or carefully estimated
when placed in the cars, and the unmelted portion was weighed when




4 TECHNIUAL BULLKTIN 827, U. 9, DEPD. OF AGRICULTURE

the cars were unloaded at destination. In the transportation tests,
the ice placed in the bunkers at each re-icing station was weighed by
the observers and the amount of ice left in the bunkers at time of
unloading was estimated, after first piking down the ice and measuring
the distance between the top of the ice and the top of the bunker.

In the transportation tests, electrical resistance thermometers were
used to obtain commodity and air temperatures within the car. The
sensitive part or bulb of the instrument was inserted into a vegetable
or hung in the air at desired locations in the car. Leads from these
bulbs were connected to a master cable, which was carried out of the
car through a thin door plate placed at the top of the doorway and
thence to the running board on top of the car (fig. 1). Readings
werse made by connecting the end of the master cable to an indicator
or reading box emuipped with a suitable selector switch by which the
electrical vesistance of each of the 12 bulbs can be determined. The
indieator box is & modifiedd Wheatstone bridge utilizing a sensitive
gelvanometer. Changes in the temperature of the bulb produce a
corresponding change in the resistance of the coil in the bulb, which
the indicator shows directly in degrees Fahrenheit. By using_this
pquipment temperature readings were obtained 2t a number of places
within the ear without opening the doors. In the tesis under discus-
sion, readings were obtained at intervals of 4 to 6 hours. Qutside air
temperatures were obtained at the same time with a mercury ther-
mometer.

An effort was made to have comparable cars in each test, with the
exception of two tests in which new cars were intentionally tested
against old ones. Generally the cars used were 1 to 4 years old and
had 1% to 2 inches of insulation in the ends and side walls, and 2 to
9} inches in the floor and roof. The old cars were 7 to § years old
and had about the same thickness and kind of insulation.

The average temperatures of the various layers as given in this
bulletin are averages of the three commodity temperatures in each
jayer for each time the readings were taken. There was very little
temperature variation between the different positions in each layer.

LETTUCE

Lettuce is the most important of the vegetables shipped under body
icipg, in respect to tonnage, and is grown commercially in 24 or more
of the States. The New York variety grown in the Western States,
where body icing of vegetables is most common, is also known as
Mountain leeberg, Los Angeles, and Los Angeles Market, but is most
commonly called “Tecberg”  ILettuce is shipped throughout the year
from the Pacific Coast or the Rocky Mountain States. Table 1 shows
the average number of carlot shipments of lettuce by months, 1927-36,
from each of the four most important lettuce-producing States where
body icing is utilized.

PACKAGE

Hend lettuce from the Western States js generally packed in crates,
of which two sizes were in common use at the time of this investiga-
tion; one is 13 by 18 by 21% inches inside dimensions, and the other
is 13 by 18 by 231 inches inside dimensions. Besides these there nre
a number of other crates having slightly different dimensions.
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Mreurg 1.—8keleh showing cleef ieal resistance thermometers installed in a refrigerator car loaded with lettuce.
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TansLE 1.—Average number of carlol shipments of letluce by months (1987-36) from
each of the 4 principal weslern letbuce-shipping Stales

Atale Jan, | Fueh, i Mat, | Apr. | Alay | June

July:.-\ug. . | Nov. | Deec.

Onlifornin. | 3,158 | 4, 185
Colorado. . . [

4,208 18601 2,200 | 2 mT [
Washingtion . _I_. R l U )

S A o | " lus | T are
¥ nzl st [ | 2 TR

Arizonn.. .. . { 1,278 O3 | 2,082 § 2, 400 T 2,954
o :

In packirg, the erates are first lined with heavy waterproofed paper,
and the heads of lettuce with the butts up are then packed in layers
(fig. 2, B). Crushed ice is placed between the first and second and

Freuns 2—Method of packing lettuee: A, Middle layer covered with fee; H,
top layer before ieing; () top layer covered with dee; D, packing completed,
paper liner folded over and ready for lidding,.

between the second and third layers (fig. 2, A), and gencrally a fow
pounds of ice are placed on the top layer (fig. 2, @) before the paper
liner is folded over the top of the lettuce (fig. 2, D). In either case,
when properly applied, all the lettuce is I contact with ice. This
method of packing is used almost exclusively for head lettuce (rom
the producing districts of Culifornia, Oregon, Washington, Colorado,
Idaho, Arizona, New Mexico, and Texas.
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LOAD

The packages are ordinarily loaded in a throngh load 4 layers high,
5 rows wide, and 16 stacks long, except in cars that are not. long enough
to sccommodate 16 stacks, or when irregular sized crates are used,
or when they are loaded only 4 rows wide in the 2 stacks between the
doors in order to leave room for additional ice.

The ice for top icing may be either crushed or in chunk form. In
the latter case the ice is placed on top of the load during the loadin
of the car. If crushed ice is used it is blown over the top of the loa
by mechanical means after Joading is completed. The amount of top
ice used is generally between 5,000 and 15,000 pounds, varying largely
with the senson of the year and the producing area. The method of
toading and icing shown in figure 3, 4, was used in the tests from 1924—
27, and was common commercial practice at thet time. In the 1935
and 1936 tests the three bottom layoers of erates werse loaded on their
sides (fig. 3, B) and the top layer was placed with the bulge up, and
crushed ice was blown over the top of the load according to the present
commercial practice. The high bulge of this type of package (fig. 4)
requires that the bottom-layer crates be londed on their sides.

PRECOOLING

The effects of precooling were studied in some of the tests. The
lettuce loaded in two of the test cars from Sumner, Wash., was pre-
cooled by plucing the heads in a cold-storage room for a few hours
prior to packing, until the temperature of the lettuce was between
40° and 45° I'.  The heads were then removed and packed.

A different type of precooling was studied in the 1936 tests from

Salinas, Calif.  The precooling equipment used consisted of fans set
w1 frames fitted with plates, which covered the top bunkar opening.
The fans were cight-bladed, 18 inches in diameter, and each was
connected directly to a small electric motor. One fan was installed
in each end of the car before loading and was removed at the end of
the precooling period of 4% to 7 hours. This type of equipment covls
the commodity by circulating cold air from the top bunker opening
through the load, returning the air to the bunkers through the bot-
tom bunker opening. The ice in the bunker removes the heat which
the air bas taken from the commodity. Salt was added to the ice
to give a_low-temperature ice-salt mixture, which will more quickly
coot the air passing through the bunker, thus inereasing the rate of coo?—
ing the load,
REFRIGERATION

Most of the shipments made during the winter, Iate fafl, and spring
months have top ice, in addition to the package ice. During the
remainder of the year initial icing or standard refrigeration is used in
addition to the body icing. Since about 1932 erushed ice blown over
the top of the load has largely superseded chunk ice for top icing,

LOCATION OF THERMOMETERS

Electrical resistance thermometers, previously described, were
placed in the first~, third-, and fourth-layer crates in the center row in
the first, fourth, and eighth stacks, or at the bunker, doorway, and
quarter-length positions, as shown in figure 1. Air temperatures were
obtained at the bottom bulkhead opening, at the doorway near the
floor, and about § inches below the ceiling.
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Ticure 3.—Cross scction of two carloads of leftuee, showing arrangement of
commereial load: A, Method used during the time of the 1924-27 tests;
B, mothed uvsed during the 1935-36 tests. This car was shipped in June
nnd shows the crusiied ice remaining at time of unloading,

EXPERIMENTAL WORK AND RESULTS

The experimental work with lettuce comprised observations on 9
transportation tests with a total of 34 cars, and 13 shipping tests with
a total of 30 cars. The shipping tests consisted of paired cars, one
with top ice and the other witheut. The transportation tests also
contained comparable cars shipped with and without top ice. In




fCorrection for Technical Bulletin 627, T 8. Department of Agriculture)

The following illustration should be substituted for that shown as
figure 3, on page 8.

et B

Fiorer 3. Cvo-z zection of {wo carloads of lettuce rshowing arrangement of
commerecial Ioad: <1, Method used duriug the thme of the 1924-27 tests; B,
method used during the 1935-36 tests, Thiz ear was shipped in June and
shows the crushed ice remaining at fime of unloading.
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addition, cars were included to determine (1) whether lettuce could be
safely shipped without body ice under standard refrigerstion, (2) the
effect of age of refrigerator cars on their efficiency, (3) the temperatures
in transit of ears shipped with crushed top ice versus chunk top ice,
and (4) information on the precooling of lettuee after loading, and its
effect on subsequent transit temperatures and ice meltage.

The tests were all from Western States, 42 cars being from various
parts of California, 3 from Washington, 13 from Arizonsa, and 6 from
Colorado. Most of these fest cars were unloaded in New York City,

Figune 4.--Cratc of lettuce showing 2 3%-inch bulge ab time of unloading in
Wushington, D. C., May 1937.

Philadelphin, Pittshurgh, and Chicago. The lettucs was in the cars
from 8 to 15 days, mostly 10 to 11 duys. As the season is the most
important factor in determining the amount of refrigeration necessary
for the safe carriage of lettuce the tests from the Western States will
he considered in three sections; namely, those made during the winter
mounths (December, January, and February), those in the swmmer
{June, July, and August), and those during the fall and spring when
temperatures are modernte.

TESTS DURING WINTER MONTHS

Two transportation tests consisting of five cars each wors made
from Phoenix, Ariz., and Brawley, Calif,, to New York City, during
January and February 1926. Eaeh test consis{ed of shipments with
and without top ice I S-vear-old and l-year-old refrigerator cars.
Ineluded with each test was one extra car that did nob receive body
ice but was shipped under standard refrigeration.

GIDE4 " —pE—0
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INSPECTION OF LETTIECE

A record of the condition of the lettuce at time of loading is given in
table 2, as is also the average percentage of heads that showed decay
at destination after being in transit 10 or 11 days under various
methods of refrigeration. The data indicate that when package ice
is used it is immadterial whether top ice or bunker ice is used for addi-
tional refrigeration. In each of the two tests one car was shipped
under standard refrigeration without body ice. One of these ears
arrived in good condition while the other showed much decay, mostly
slimy soft rot (bacterial soft rot), which is believed fo have heen due
to the higher outside temperature that prevailed during this test.

TaBLE 2—Record of fnspections of letince shipped in lest cars during Jonuary
and February 1028 from Arizona and California fo New Yerk City, and percentuge
of decay after 10 or 11 days in refrigerator cars under verious methods of refrigere-
tram

FACKAGE ICE—TOP ICH

Codition ! ef lebluce Candition ! of lelinca
heads nt tire of lontl- Tiendds ab i inie of Juad-
hg Hends tng ieads

- Fhow- . | shaw-

Aver e g g de
e lem- . o5t - age tems, dasti-
pern- | Solid untion . pera- | Solid Aallon
hlm: 1o flrin Illlre 1a {irin
wilien wlien
packed i parken | | :
H 1

@ R | Percent | Pereend | Pereent |} ! Y, Prrecnl LPereeut l!—"rrrem‘
5.6 jUH 4 LI, A N EnS IRl 405
43 b a T J 3.3 A ER 1] N

PACKAGE ICB-INTITIAL ICING

% n it 1[ ni

B4 4

if

L G238 G5 i ! [ M l'n’i,i'li

I Ng lettnce showed tipharn or deeay.

? includes 4 percent burst henads.

A Ng prper in erates; all others Yingd wilh waterproafed paper.
¢ Much deeay.

RATE QF COQOLING

The rate of cooling in cars shipped with (1) package ice and top
ice, (2) standard refrigerstion {no body ice}, and (3) package ice
with Initial icing is shown in table 3. 1t is evident that the top layers
cooled more rapidly in the top-iced cars than in those without top
ice, while the rate of cooling in the hottom layers of these cars was
sbout the same. There was not much difference in the average
temperature of the load resulting from the two methods of supple-
mental icing. On the other hand, standard refrigeration without
packege ice resulted in much slower cooling and higher average
temperatures than where body ice was used. In the cars under
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standard refrigeration which had no body ice, the slow cooling of ull
the lettuce except that near the bottom bunker opening indicates the
need of having the ice in direch contact with the commodiiy. Thisis
also shown in figure 5, which presents the average femperatures in
transtt of lettuce in cars under the three methods of refrigeration, in
test 7 from Brawley to New York City. In this figure average tem-
peratures are shown because all the temperatures obtained in each
layer were nearly the same. Similar results were also obtained in &
duplicate test from Phoenix to New York City. The rate of cooling
1o the car without body ice was more rapid in the end of the car where
the load was four rows wide than In the opposite end where it was five
rows wide,

| | :
AVERAGE TEpPERATIRE {or Larees
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/—‘:z.xszs; s
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Figure §.-- Outside air temperature and average temiperature of top and bottom
layers of letbuce in transit under the fellowing conditions: Car H, package iee

and buuker ice; car J, package ice and top iee; and car E, standard refrigeration
{one end four rows wide and the opposite end five rows wide),

INFLUENCE OF OQUTRINDE TEMUEHATORES

The influence of fluctuating outside temperatures on letiuce tem-
peratures shipped with top ice was very slight. A 25° to 30° I, rise
m outside temperature generally caused a rise of 3° in the temperature
of the air in the car near the ceiling at the doorway, but practically
no change in the air temperature at the bottom doorway or in the
commmodity temperature In any part of the load. However, when
the outside temperature dropped to a minimum of 5° F. on two
nights during the test from Arizona in January 1926, there was
freezing In all of the test cars. Because of the rapid cooling obtained
by the use of body icing the temperature of the lettuce in these cars
was already comparatively low, and these shipments, therefore,




12  TECHNICAL BULLETIN 627, U. 8. DEPL. QF AGRICULTURE

suffered greater damage from freezing than those shipped without
body ice. Freezing in cars without body ice was largely confined to
the bottom layer with some slight freczing along the sides of the load.
However, freezing in the body-iced cars was found in both the top
end bottom layers, also along the sides of the load and next the
bunker bullkheads. In the bottom layer of such cars entire crates of
lettuce were found frozen solid, while in the top layer the freezing
damage was slight and confined to the outer leaves. It appears
therefore that during severe cold weather the presence of ice in the
body of the car increases the hazard of ireezing. '

"TanLp 3.—Time necessary for letiiee to reach 40° and 32° F. after loading; mazxi-
mum, mininwm, and querdge outside temperalures and letiuce temperatures tn the
top and botlam layers of cars shipped from Avizona and Celifornia to New York
City wnder various wmethods of refrigeration during Jonuary and February 1926

PACKAQE ICE-=TOP ICE

Pime reguired for laties;

to rench— Tomuperatur

Oulstile Top nyer Yolimn lnyer

M- MIni-| A ver- 3axi-| Mini-| A ver-| Alngd-| Mini-| Aver-
layer yayee [T (UM | ape mum| mum| age | mum|mum| age
k

ffnnrs Ffours|Ffours L] M SR LY 8 ©. 1 °F.

2.1 3 12 H & | dh EL . 3.4
.3 14 7] A 5 | A0, 43 g a9
A 4 21 15 i T B e s i a4
A1 3 12 12 I n i It K da

PACKAGE IO E—INITIAL TOINTG
48

& a8
a4l 43
an p i3
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Lol o " 90 dE 2 i)

JE ._|mn,u )
E.. IR0 A

1 Lettuee did not eoul to 33° I, during Lrin.
IC'E MELTAGE

There was not a great deal of difference in the total ice meltuge in
the body-iced cars (table 4), the meltage being only slightly greater
in the cars without top ice despite the fact that an average of 5,227
pounds more ice was placed in them than in those with top ice. The
results indicated that lettuce with package ice can be shipped with-
out ice on top of the load during the winter months if initial bunker
icing is provided. However, they also indicated that the ecombina-
tion of package ice and top lce is more cconomical than package ice
and initial ieing because of the saving of an average of over 5,000
pounds of ice per car.
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TaBLE 4. —Record of ice swpplied end wmelled in cars of leliuce shipped from Arizena
and Californie lo New York City during January and February 1928 wunder
various methods of refrigeration
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Lhe ents contained 320 crates per oar, except sar 2 which hicd 243 crtes.

The avernge amount of ice placed in the two ears shipped under
standard refrigeration was about the same as that placed in the top-
iced cars, but the meltage in the former was materially less and the
average lettuce temperatures maintained were correspondingly higher
(fig. 5). TESTS DURING SUMMER MONTHS

Two transportation tests were made from Sumner, Wash., and
Minturn, Colo., to Chicago, Ill., during July and August 1925, and
one test from Salinas, C{fi[., to Chicago, Ill., Philadelphia, Pa., and
New York City in August 1936. A total of seven shipping tests was
made during September 1926 and July 1827, from the Watsonville
and Salinas, Calif,, districts to New York City, Philadelphia, Pa.,
and Chicago, IIl. These tests comprised @ total of 27 cars.

INBIECTION OF LETTUCE

A record of the condition of the lettuce at time of loading and upon
unloading at destination § to 15 days later is shown in table 5. In
general this lettuce did not have the same quality and condition as
that used in the winter tests, it being more affected with tipburn at
the time of shipment; in several cars it also showed early stages of
slimy soft rot. In each test the lettuce was comparable at time of
shipment. The inspection data show that the use of top ice had a
noticeable effect on the amount of decay found at destination, the
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TanLe 5—Record of inspections of leltuce shipped in lest cars during July, August,
and Seplember from California, Colorade, und Weshinglon io eastern markels,
showtng number of days lelluce was in cars and perceniage of decay Tn cars wilh
and without top fee !
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deeny being generally heaviest where no top ice was used.  An exam-
mation of the lettuee shipped in the 1936 test showed no difference
between that which had been precooled and that which had nat, nor
hetween the nonprecooled loads shipped with and those shipped with-
out bunker ice.

RATE OF (OOLLNG

Top-iced enrs maintained lower temperatures in the top layer in
transit than comparable cars that were not top-iced, while in the
hottom Inyers the temperatures were about the sume (table § and fig,
6). Irom these records on summer shipments it is elearly indieated
that top lee must be used in addition to package ice and standard
refrigeration it top-layer temperatures are to be kept uniformly low
during the transit period.

In general, the results of the summer tests showed that the 30
pounds of package ice and standard refrigeration, even with salt
added to the bunker ice, cannot ba depended upon under all eonditions
to maintain the low temperatures necessary for long-distance shipment
of hiead lettuce. The addition ol top ice to the Tu(ling during these
months is essential, The effectiveness of the Lop ice was demonstra ted
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in the August 1936 test in which lettuce with package ice was shipped
without bunlker ice but with 15,060 pounds of crushed top ice. This
lettuce arrived at distance destination in as good condition as that
shipped with bunker ice in addition and the transit temperatures in
the two loads were about tiie same.

PRECOOLING

The lettuce loaded in two of the cars in the transportation test from
Sumricr, Wash., was precooled to an average temperature before load-
ing of 41° F. in one car and 45° in the other. It is shown in figure 6
that the temperature of the lettuce in the top layer of the precooled
loads was lower throughout the trip than in the nenprecooled loads.
Of the two cars with no top ice only the one loaded with precooled
lettuce reached a temperature of 32° in transit. The lowost temper-
atures in transit were obtained in the ear Inaded with precooled
lettuce and top ice.

In the 1936 test from Salinas, Calif., the lettuce was precooled alter
loading with portable electrically driven fans placed at the top bunker
opeving. Package ice was used with both the precooled and nonpre-
cooled loads. During the precooling perio(l) faster cooling was
obtained in the precooled cars than in the nonpreceoled loads without
the use of fans; however, at no time was there more than 5° difference
belween the average temperature of the precooled and nonprecooled
lettuce.  Within 15 to 17 hours after precooling was stopped there
was practically no difference in the temperature of the precooled and
nonprecooled loads, and this condition continued ¢ uring the remainder
ol the transit period.

These data show that preeooling lettuce having package ice is not
neeessary, since the ice in contact with the lettuce gives the rapid
counling desired.

TREMPERATTRES OF LETI'UCE [N MIDDLE AND BOTTOM LAYVE RS OF PRAIE

In this study it was found that the rate of cooling was slower in the
bottem layer than in the layer directly ahboveit. At the time of load-
ing ihe heuds in the middle !nyer of the crate were as much ns 17°
cooler than those in the bottom layer. Temperatures in transit were
also slightly Jower in_the middle layer of heads. This was due to a
diflerence in the application of the ice in the crates. The lottuce in
the bottom layer had ice above it anly, while that in the upper luyers
had jee both above and beneath eacli layer.

TEMPERATURES OF LETTUCE LOADRED WITH THE BOTTOM AND BULAL OF CLAT'E
KEXT TO THE WALL

In these studies the lettuce was loaded with either the bottom or
the bulge of the crate next to the side wall of the car.  When the bulge
1s next to the side wall there is a protective layer of package ice be-
tween the lop layer and wall, while with the bottom next to the wall
there is not. The only difference in temperature resulting from these
two methods of loading was that the lettuce cooled faster when the
hulge was next to the side wall of the car. It took about 8 hours
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longer to cool the lettuce to the same temperature when the bottom
of the crate was next to the side wall.

INFLUENCE OF QUTSIDE TEMPERATURE

High outside temperatures prevailed during these summer tests,
but they exerted less influence on the temperatures inside the car
when top ice was used with the test shipments. A rise and fell in
cutside temperatures of 30° to 40° F. caused a corresponding rise and
fall of about 5° in the air temperature near the ceiling at the doorway,
and 8 2° variation at the bottom doorway.

In the loads without top ice there was a gradual increase during
transit in the temperature of the lettuce in the top luyer in some cases
amounting to as much as 5°, but in the top-iced cars at corresponding
positions there was practicelly no change. In the car loaded with
precooled lettuce which was shipped with package ice and under
standard refrigeration in these summer tests there was a gradual in-
crease of 3° to 3)4°in the temperature of the lettuce in the top layer,
but no change was noted in the other lnyers. The gradual rise in
temperature of the lettuce was no doubt ecaused by the outside tem-
peratures.

ICE MELTAGE

Two transportation tests were conducted during July and August
when ordinarily the maximum outside temperatures would prevail
and when the greatest ice meltage would be expected. The total ice
meltage in the top-iced cass and those without top ice was approxi-
mately the same, as shown in table 7, although the top-iced cars re-
ceived an average of about 4,000 pounds more ice. These data show
that the average meltage of bunker ice was 8,535 pounds in the cars
not top iced and 4,921 pounds in the top-iced cars. This difference
of 3,614 pounds nearly equals the 4,000 pounds of additional ice sup-
plied the top-iced ears.  The icing records for these tests showed that
the top-iced cars generally received from 400 to 900 pounds of ice
at each icing station, whereas the car without top ice received 900 to
1,200 pounds, The ice meltage in the car loaded with precooled
lettuce was also noticeably less than that in the cars loaded with
warm lettuce.

Tests 15 to 23, inclusive (tuble 7), were shipping tests, hence the
icing records of those cars shipped under standard refrigeration are
incomplete. These tesis were made during September when the
wenther is ordinarily cooler than during July and August. However,
the amount of package ice nielted was sbout the same.

TESTS DURING SPRING AND AUTUMN MONTHS

The experimental work conducted during the fall and spring months
consisted of {wo transportation tests from Brawl;y and Vega, Calif.,
G

during March and October, respectively, to New York City and Pitts-
burgh, Pa. Six shipping tests of two cars each were also made from
the Imperial Valley, (PJa.hf., and Phoenix, Ariz,, to New York City and
Baltimore, Md., during the latter part of March and April 1926.

G1314°—38——2
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TasLe 7—Record of ice supplicd and melled in cars of lettuce shipped from Wash-
inglon, Celorado, end California lo castern markels during July, Angust, and
Seplember 1925-27, with and withouw! lop icc
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INSPECTION OF LETTUCH

The lettuce shipped in the spring was in about the same condition
as that shipped during the winter, being generally free from injuries
and decay; that shipped in the fall was 1 poorer condition, being
affected with slimy sofs ro$ at time of loading, Most of the lettuce
shipped in the experimental cars during the fall months showed from
1 to 6 percent of tipburn. At destination there was slightly less decay
in the cars with top ice than in those without it. Detailed data re-
garding the condition of the lettuce at time of loading, the number of
days the lettuce was in the cars, and the percentage of decay at time
of unloading are shown in table 8.

Lettuce, from a car (car B, fig. 7) shipped without body ice under
standard refrigeration and 5 percent of salt, was i poor condition at
the time of unloading; the cuter leaves showed decay and wilting so
that heavy trimming was required to make the load salable. This
was due to high transit temperatures, as shown in figure 7. A few
crates of lettuce from near the bottom bunker opening were in good
condition, due to the low temperature obtained at these two locations.
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RATE OF COOLING

The rate of cooling of the lettuce to & temperature of 40° F. in the
top-iced cars and in those without it was about the same (table 9),
but between 40° and 32° the cooling was much faster in the top Iayer
of the top-iced cars. The average length of time required to cool the
lettuce in the bottom layers of the cars shipped with and without top
ice was about the same, indicating that most of the cooling in this layer
was done by the package ice. Tt is evident from this table that thers
was practically no difference in the average transit temperatures of
the different cars. A rise and fall of 20° to 30° in the outside tem-

arature caused & corresponding rise and fall of only approximately 5°
in the air near the ceiling, with no noticeable influence on the tem-
perature of the lettuce in any part of the load. This was, no doubt,
due to the short duration of the high outside temperatures.

The beneficial effect of ice in direct contact with the lettuce is shown
in figure 7 comparing top-layer temperatures in three cars ;one (car A)
shipped with top ice and package ice, the second (car B) without
body ice under standard refrigeration and 5 percent of salt (530
pounds) on the first re-icing, and the third (car C) with package ice
and standard refrigeration. It will be noted thav the package
ice and standard refrigeration were more effective than standard
refrigeration with salt.

TanLe 9-—Time required for leiiuee 1o reach 40° and 32° F. after loading; mazimum,
mintmum, and average owlside lemperatures, and lefluce lemperatures in lop and
botlom layers of cars shipped from California to New York City with and without

lop dce, October 16- 29, 1925
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CE MELTAGE

The average total ice meltage for the top-iced cars and those without
top ice was about the same, the difference heing 407 pounds (table 10).
The highest percentage of ice meltage in any of the test cars was with
the package ice and the least with the bunker ice. Since the average
bunker-ice meltage for the top-iced cars was only 1,575 pounds, and

for those without top ice 2,372 pounds, or 13.9 percent and 18.4 per-




BODY 1CING IN TRANSIT REFRIGERATION 21

cent, respectively, of the total ice furnished, it is apparent that
bunker ice was not ufilized to any great extent in the refrigeration
of the commodity. As ice must be melted before it can furnish
refrigeration, the small meltage of the bunker ice indicates that top
ice and package ice would be sufficient for the successful shipment of
lettuce from the Western States to the far castern markets during
these (spring and fall) months.

TaRLE 10.—Record of ice supplied and melwd in cors of lelluce shipped from Cali-
fornia and Arizena ie New York City, Piitsburgh, Pa., and Baltimore, Md.,
during Qctober, March, and April 1925-26, with aud without top ice
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TESTS WITH OLI) AND NEW REFRIGERATOR CARS

Two transportation tests were made to determine the comparative
efficiency of refrigerator cars of different ages in the transportation of
legwt " The first test was Trom Vega, Calif., to New York City in

. oo 1925, and the second from Pheenix, Ariz., to New York City
in Jar. ary 1926, The new cars were about 1 year old and the older
ones ketween 7 and 8 years old. The dimensions of the old and new
cars were the same, but there were slight differences in the thickness of
the insulation and insulating materials, as shown in table 11.

A comparison of the ice meltage in the various test cars, presented
in table 12, shows very little difference between comparable shipments
of lettuce in cars that had been in scrvice for about 7 years and for
only 1 year. The maximum, minimum, and average temperatures of
the letfuce in the top and bottom layers are given In the same table,
showing very little diflerence between the temperstures in the various
cars.
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Tapok 11.—Thickness and iype of insulution in old and new ref rigerator cars wsed
1n fests conducled Jrom Californza and rizona to New York Cily during October
1823 end January 1926
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Under the conditions of these tests there was no noticeable differ-
ence i temperature that could be ascribed to the difference in age of
the refrigerator cars.

DECAY IN TRANSIT

In each test car, as previously men tioned, test crates were placed
in each layer at the doorway, quarter-length, and bunker positions and
were inspected af destination. The data shown in table 13 indicate
that there was no significant difference in the amount of decay found
in different layers. Itisevident that the decay was least in the winter
and greatest in the summer. This was no doubt because of two con-
ditions: (1) Less favorable weather during the summer, fall, and spring
months, and (2) the much botter condition of the lettuce during the
winter than during the other seasons of the year. Undoubtedly, the
latter had more effect than the wesnther.
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Tanne 13.—Fereenlage of decay (mostly slimy soft rot) found in the verious layers of

loads of lettuce shipped with bunker ice, package ice, and with and without top fee;
swnmary of resulls of all lesls, 1825-27
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COMPARATIVE EFFICIENCY OF CHUNK AND CRUSHED TOI' ICT

Chunk top ive was used almost exclusively with body-iced shipments
of lettuce up to about 1931 or 1932,  Since that time there has been o
rapid change, especially with shipments oviginating along the Pacific
coast, and crushed or snow top ice has supplanted chunk lee for this
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Freunp 8.---Outside air temperature and average temperature of top-layer letbuce
in transit from the Watsonville-Salinas district to Chieago, IB., under the follow-
ing eondditions: Car A, crushed {op ice; car B, chunk top ice.

purpose in many vegetable-producing districts. The snow top ice,
as it is commonly called, is mechanically erushed and blown over the
load after loading has been completed, while the chunk top ice is
placed on each stack asloading progresses.

Data were obtained in January 1926 on one car of lettuce with
finely chopped ice thrown back over the load with a shovel during
loading. However, since the change to snow top ice took place after
the earlier phases of this body-icing investigation were completed in
1927, & test was made in May 1935 to determine whether any material

difference in transit temperatures and ice meltage is obtainable with
these two methods of top icing.

TEMPERATURES IN PRANSETY

A comparison of the average temperatures in transit of the top
layer, as given in figure 8, shows that there was no appreciable differ-
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ence between the results obtained by the two methods of top icing.
Individual temperatures as obtained at the various positions in the
load are not given, us there was practically no difference in the tem-
peratures at the doorway, quurter-length, and bunker positions of the
various lnyers. This condition would be expected because of the
uniform distribution of the package ice and top ice.

These results confirmed those obtained with shipments in January
1926 when chunk and finely chopped top ice were used. The results
of both of these tests show that there was no appreciable difference
in the rate of cooling or in the temperatures in transit due to the
difference in method of top icing the shipments. It would not be
expected that there would be a great deal of difference in the rate of
cooling of loads covered with either crushed or chunk top ice, as most
of the cooling of the lettuce is done by the package ice. The top ice
prevents the ¥ warm air above the load from coming in contact with the
packages and is largely responsible for maintaining the temperature
of the load while in transit. The chief ﬂdvamtnoes of snow ice are
that of being more easily placed in the car, and that it is less likely to
damage the top layer erates.

If'E MELTAGE

The total ice supplied and melted in each of the cars shipped with
crushed and chunk top ice in May 1935 is given in table 14. These
data indicate that about 1,200 pounds more 1ce was placed in the car
with chunk top ice and about 1,200 pounds more ice melted in this
car than in the one with erushed top ice. During the test in January
1926 about 4,800 pounds of ice was used in each of the two test cars.
On arrival at destivation it was found that 785 pounds of chunl top
ice had melted, as compared with 1,001 pounds of chopped top ice.
The average meltdtfe of package ice was about the same for the two
cars. These data indicate that there is no great difference in the melt-
age of body ice when crushed or finely chopped ice and chunk ice are
used for top icing the loads.

INSPECTION OF LETTUCE

The lettuce in the cars iced with crushed and chunk top ice of both
tests arrived in good condition, there being no discernible difference
between themn. This could have been e\pectcd because the lettuce
was in good condition at time of loading, and the ice meltage and
temperntures n transit were nbout the spme for all the cars.

Taane 14.—Total dce furnished and melled in cars shipped with erushed and chunk
lop tee from the Solinas-Walsonrille disirict to New ¥York Cily during May 1935

: .
. Car A (eroshed tojs fce) i C'ar I3 {chunk fo)r ice)

Suptied Alelted Supplied AMelted

; I3
Fovafs | Pounds | Percent | Pounds | Pounds | FPereent
Tackoge ice... . ), 11 4,407 4L 1 - 6, 2G5
Taplee ... {1, 00 5, 303 50, 3 5,871
Iea otk doorwny 1, 800 421 x 179

10, 717 8.0 | 50 1 11,005
1 !

! Two J-pouncd cakes of icg were J}!nml an end next to the deors on cach slde of ear with a 300-pound
chunk ofice placed an Lop of the upright cakes.
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INFLUENCE OF LOW-TEMPERATURE BODY ICE ON THE FREEZING OF LETTUCE IN
TRANSIT

The temperature of ice, as of other iner, nonliving substances,
follows rather closely that of the surrounding air. Infact, ice responds
more readily to a chanpe in femperature of the surrounding air than
many other substances because of its low specific heat. If ice that
has been stored at & low temperature is quickly placed in elose contact
with lettuce or other commodities ordinarily shipped with body ice,
it is likely to cause freezing injury to the lettuee. Although in many
cases the temperature of the ice might not be sufficieni to cause
{reezing injury, it does eause the commodily with which it comes in
contact to freeze more quickly and severely when subsequently exposed
to low temperatures. [tis well known that the lower the temperature
of & commodity the quicker it will freeze when subjected to & tempers-
ture below its freezing point; thus it would be expected that the
greatest amount of freezing injury to lettuce in transit would oceur
during the colder months of the year.

The average freezing point of lettuce is 31.2° F.5, which is nearly 3°
higher than for most {ruits and only 0.8° below the freezing point of
pure water. Itisapparent that the contact of head lettuce with low-
temperature ice would soon cause freezing of the outer leaves. Rec-
ords have been obtained showing that many commercial companies
furnishing ice to the shippers of body-iced vegetables ordinarily store
their ice at temperatures ranging from 23° to 28°.

The freezing of lettuce in transit is due either tc cold weather, the
ice in the car, or a combination of the two, During the summer and
most of the fzll and spring months weather condifions need not be
considered, leaving the body ice as the direct cause of freezing injury.

The location in the load of the lettuce showing freezing injury will
under most conditions give a clue as to the cause of the damage.
When such lettuce is confined to the crates next to the bottom bulichead
opening it is apparent that too low temperature from the bunlkers is.
the cause. If the freezing damage is largely confined to the bottom-
layer crates and to those next to the side walls of the car, the cause
without doubt is weather conditions. However, in many instances
where freezing is found in the bottom layer and up the sides of the
load it is also found in the upper part of the toplayer crates and is
caused either by cold weather, low-temperature top ice, or by both
conditions combined. TFreezing injury caused by low-temperature
package ice when scattered through the load may be mistaken for
field freezing. When the freezing injury is canfined to the upper part
of the top-layer crates in the load then the top ice is without doubt the
main cause, although cold weather may have had an influence,

A few tests were made ab Arlington Experimental Farm, Va., in
1935 to determine whether lettuce could be frozen in the crate by
contact with low-temperature ice. The ice was finely crushed and
placed in rooms ranging In temperature from 17° to 32° I, and was
Leld there until the temperature of the ice approximated that of the
room. ‘The test crates of lettuce were packed with this Jow-tempera-
ture ice. IBach crate was then placed in » Jarge box in & room held
at 32° to 33° F. (approximate average fransit temperature for letsuce),

s Whiant, R. . T0R FREEZING TEMPERATUILES OF SGME FRUITY VEGETABLES, AND FLORISTS' 570CAS.
U. 8. Dept. Agr. Cir, 447, 11 Dp. 1937,
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and the crate was then surrounded with crushed ice of the desired
temperature, The results of these tests are given in table 15 and
show that freezing of the cuter leaves occurred with ice having a
temperature of 25° or below, and that the lower the temperature of
the ice the greater the extent of the injury. The time required to
produce freezing inf'm'y with ice at this temperature could not be
determined definitely under the conditions of this test. The data,
obtained with crates 3 and 4 indicate that the length of the exposure
of the lettuce to the ice made n difference as to the extent of the
frecsing injury. Most cars of western-grown lettuce are in transit
for 5 to 9 days, so that had this test been continued for the same length
of time greater injury might have been obtained than was noted after
20 to 48 hours,

TanLe 15.—Exlent of freezing ingury oblained with leltuce in contack with ice of
varying lemperatures

Tompernture of—

Taengih

Crate Mo, of text

Textent of freezing injury
Lat- | Pack- Tun

tuee ! | npge ioe ire

Ihours | ° 2. ”, o,
L h& E 25 | Wo lreozing,

i 3 35 | Blight freczing of nuter leaves of few s,

08 28 28 | Chrler leaves of mast hends frozen.

58 Outer lenves of all hends [rozen, fesw heads frozen 2 1o 3

layoers deep.

32 h Severe [reezing on muter 2 to 4 lenves of ull heads.

az i Hovere freezing on outer 3 to 6 Jeaves of all hewds,

t Temperabure of lltuce ol tine erates wers reqmeked with ice.

Through the cooperation of the Bureau of Agricultural Economics
records were obtained on 92 ears of lettuce shipped from the Pacific
coast during 1935 in which freezing injury was found; however, it
oocurred almost entirely in the outer layer of heads in the upper part
of the top-layer crates. This digtribution is considered reasonable
evidence that the freezing injury found in them was because the let-
tuce had been in contact with low-temperature ice. These cars were
unloaded at destination during all months except April and July. No
eflort was made to obtain a complete list and no doubt there were
other cars showing freezing injury from low-temperature ice on which
records were not obtained.

Of the 92 cars on which records were obtained, 50 were unloaded
during November 1935. As most of these cars were loaded in the
central district of California (of the 3,523 cars of lettuce shipped frem
California during November of that year, 8,267 were shipped from this
district) the natural route to eastern markets would be via Ogden,
Utah; Chicago, Il.; and thence east. Records obtained by the
United States Weather Bureau ai its various stations along this
route show that the mean temperature for November ranged between
33° and 48° F. A study of the daily temperatures shows that there
were o few nights of low temperatures, but that during the daytime
the temperatures were moderately high, indicating that the periods of
low temperature to which these cars were subjected were of short
duration. Weather conditions were such that transit freezing prob-
ably would not have occurred had the lettuce not been in contact with
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low-temperature ice. There were many other cars originating from
the same district and unlonded at destination at the same time that
arrived without freezing injury.

The results just discussed indicate that low-temperature ice does
cause freezing of the outer leaves of head lettuce while in $ransit.
Other body-iced commodities, snch as carrots, are also frozen by con-
tact with low-temperature ice. This type of transit freezing injury
can be easily prevented by permitting the cakes of ice to stand in the
packing house until they start to melt when the ice will be at a safe

temperature.
DISCUSRION

Studies were conducted from 1924 to 1927, inclusive, from western
producing distriets to determine if body ice is necessary for the safe
carviage of lettuce to eastern markets. Additional work was done in
1935 and 1936 on other pliases of lettuce transportation. A total of
66 test cars were shipped during the six sensons,

The data obtained during this investigation showed that lettuce
could be safely shipped under standard refrigeration without body ice
only during cold weather, and that lettuce shipped by the same method
during mild weather in the winter months arrived in poor condition.
The results indicated that the hazards of shipping without body ice are
too great for general commercial practice.

It was also evident that top ice, in addition to other means of
refrigeration, is necessary for [iettuce shipments during a period of

approximately 6 months beginning about April 1. The guantity of
top ice melted varied with the outside temperatures. It wasfound that
for shipments moving during the hottest weather in July and August

from 7,000 to 9,000 pounds of top ice was melted; whereas for ship-
ments moving during the otber summer months the meltage of ice
was from 4,000 to 6,000 pounds. During winter months the meltage
of top ice for the most part was between 1,000 and 2,000 pounds, whiie
during the balance of the year it was from 2,000 to 4,000 pounds.

Although the above amounts represent the approximate quantity of
top ice actually melted to provide necessary refrigeration in transit,
additional ice should be supplied as a factor of safety and to allow
the receiver some leeway in the disposal of the load after arrival at
destination.

Package ice is necessary with shipment of lettuce from western
producing districts. The amount of additional refrigeration required
will vary with the season. Either top ice or bunier ice is needed in
addition to the package icing. Top icing is preferable to bunker icing
because it provides quicker and more uniform cooling of the lettuce
and better protection against the penetration of outside heat. The
one test in which salt was added to the bunker ice indicated no
material benefits from its use.

Thirty to thirty-five pounds of finely crushed ice in the package was
found sufficient to provide the necessary quick cooling and the mois-
ture needed to keep lettuce fresh and crisp. This quantity is small
enough to induce no undue slackness of the pack when it has melted.
A source of moisture inside the crate is required because the waxed
paper liner (fig. 2) prevents the entrance of water from the melting
top 1ce.
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The results show that crushed top ice gives practically the same
results as to temperatures in transit and srrival condition of the lebtuce
as chunk top ice. The crushed as compared with the chunk top ice is
more easily placed over the load and saves time in loading. Tt is also
regsonable to expect that there should be less breakage of the top-layer
crates in shipments under crushed top ice than where chunks of ice
are thrown over the load.

The contact of the package ice with the heads gives sufficiently
rapid cooling of thelettuce to make precooling by mechanical means
unnecessary. Moreover, no significant saving in ice can be expected
because of precooling since the ice meltage in transit of precooled and
nonprecooled ears was practically the same,

During cold weather the presence of body ice in the car increases
the hazards of freezing injury, because it maintains the lettuce at g
temperature only slightly above its freezing point. Therefore, when
body ice is used the lettuce is more quickly reduced below the freezing
point under the influence of colder outside temperatures, so that during
cold weather freezing of the lettuce in the load is more likely to occur,

The results discussed on pages 27 and 28 also indicate that low-
temperature ice sometimes causes freezing of lettucs while in transit,
even during the summer months. The extent of the injury is deter-
mined by the temperature of the ice and of the lettuce at time of
packing.  This freezing injury is easily prevented by permitting the
cakes of ice to stand in the packing house until they start to melt.

'The most satisfactory temperature for carrying lettuce was found
to be between 35° and 32° ¥, and was obtained by the use of package
icing snd by one of the two other available methods of supplemental
refrigeration, namely, ice over the top of the load or ice in the bunkers
of the car.

It is evident that temperatures in transit and the condition of the
lettuce ab time of shipmens are the chief determining factors in ifs
successful transportation to market. In these tests Jethuce reached
the market in good condition when it was cooled quickly, as by the
use of body ice. When the lettuce cooled slowly, as in the shipments
without body ice, its condition was generally poor on arrival at desti-
nation. Letiuce that was in gootf sound condition when shipped
under body ice arrived in good condition; that affected with decay,
tipburn, or burst heads often arrived showing excessive decay regard-
less of the amount of refrigeration furnished in transit.

Marked changes in the methods of packing and loading lettuce
came into use between the 192427 tests and the 1935-36 tests. The
package ice used in the later tests was finely crushed by a machine;
In the 1924-27 tests it was shaved by hand and contained many com-
paratively large chunks that were capable of causing more bruising
injury than the crushed jce now used. During the early tests the
lettuce was packed so that there was little or no bulge, thus permitting
the crates to be londed right side up one above the other. There was
Do excessive bruising or injury of the outer leaves noted during these
tests, although an occasional head would be indented by contect with
a large chunk of package ice. In more recent times the crates have
been packed with such a high bulge (fig. 4) that it is necessary to
load the crates in the three bottom layers on their sides (fig. 3). . This,
even with the finely crushed packege ice, causes excessive bruising of
the outer leaves,
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Bruising of the heads not only seriously detracts from the appear-
ance of the lettuce hut necessitates heavy trimming. After the
bruised ribs and leaves of an originally well-formed head have been
trimmed off on the market only o small misshapen head is left. Such
a head not only gives a poor appearance but wilts and discolors quickly,
so that further trimming is needed before it can be used. During
these tests it was found that permitting the heavy protective wrapper
leaves to remain on the head at time of packing reduced the extent
of the injury but did not prevent it. It is evident that the excessive
bruising mjury in transit is due to excessively heavy packing of the
crates and can be avoided by use of & lighter pack. The excessively
heavy packing of lettuce is therefore undesirable. It has grown up
in the industry as a result of buying by the package and selling by
head. This practice is not confined to the packing of lettuce but is
on the increase with other vegetables and fruits as well. However,
any practice that gives the consumer an inferior product and requires
the payment of freight and refrigeration charges on waste is highly
undesirable,

CAULIFLOWER

Cauliflower is grown and shipped commercially in the States
located chiefly along the Pacific coast and in the Great Lakes region.
The ¢verage yearly shipment for the United States is between 7,000
and #,000 cars, of which more than three-fourths are shipped from
States In which body ieing 3s commonly used in the transit refrigera-
tion ef this commeodity. Caulillower is shipped during the year from
the principal producing regions, as shown in table 16.

The long-season late-maturing caulifiower is sometimes referred to
commercially as “broceoll.” This plant requires the entire season
to mature and makes its heads in the spring. It is the cauliflower
shipped chiefly from Oregon, is very similar to the winter cauliflower
grown in Calfornia, and is handled in much the same way. The
“broccoli’” shipments from Oregon are included in this report as
cauliffower.

Tanie 16.—Awerage number of carlot shipments of cauliflower by wmonths (1527 to
1938, inclusive) from flve principal western cavliffower-siipping States
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PACKAGE

Caulifiower 1s generally packed in the field i flats or pony crates
for shipment. The crates used in California have an inside meusure-
ment of 8% by 18 by 21% inches; those in Oregon are 8 by 164 by 23Y4
inches. The untrimmed heads are first set erect in the crates (fig. 9)
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Ficore 9.—A method of packing eauliflower in the Held: A, Sorting of heads
and placing in crates butis down; B, trimming off leaves with large knife;
C, packed erate ready fur cover.
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with the leaves of the jacket sticking above the sides of the crate, and
the leaves are then trimmed (fig. 9, B and ) so that the lid may be
nailed to the crate. Lo

AD

The test cars contained 500 to 512 crates, loaded according to the
common comnercial practice at that time.  The packagoes were loaded
bottom side up to prevent water from collecting in: the heads. Because
cauliflower is packed only ouc layer to the crate, package icing is
impractical. In body-icing this commodity, the ice was placed
either on top of the load (fig. 10, ) or on top of the load and in
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Ficuke 18- -Methods of londing cars with cauliflower: A, "op icing only;
23, ¢, and 1, top ifeing wilh pigeonhole icing.

pigeonholes; that is, in open spaces left in the load. There were
several different methods of placing these pigeonuholes, the more
common ones being shown in figure 10, B, (7, and D.

REFRIGERATION

The test shipments were made during the winter and early spring
months from Californin and Oregon, with and without body icing,
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and under either standard refrigeration or initial icing. The bady
ice was placed on or in the load in chunks.® Two of the shipping tests
mede in April were under standard refrigeration plus 3 percent of salt.
The custommary method of shipping cauliflower is with body icing
and bunker tcing without salt.

LOCATION OF THERMOMETERS

Llectrical resistance thermometers, previously deseribed, were
placed along the center fine of the car in the first, fourth, and top
layers of the first, fourth, and cighth stacks; that is, at the bunker,
quarter-length, and doorway pesitions, each of the nine thermometers
being buried in a head of cauliflower.  Air temperatures were obtained
ut the bottom bunker opening, at the doorway near the floor, and at
the top of the car about 8 inches below the cciling,

EXPERIMENTAL WORK AND RESULTS

The experimental work with cauliflower consisted of two trans-
portation tests from Compton, Calif., to New York City and Chiengo,
HL, during December 1925 and 1928; four shipping tests from the
vicinity of Los Angeles, Calif., to New York City and Philadelphia,
Pa., during January 1927 ; two shipping tests from Roseburg, Oreg., to
New York City in March 1927; and two tests from Guadalupe, Calif.,
te New York City and Philadelphia in April 1927.

lZach shipping test consisted of a pair of ears, one with body ice
and the other without, and both under bunker refrigeration. Most
ol the test shipments were initiaily iced, not re-iced, and a few were
shipped under standard refrigeration. Most of the non-body-iced
shipments received standard relrigeration, but a lew were initially iced
and not re-iced.

The tests conducted with cauliffower were made during the winter
and spring months to determine the need for ice in the hody ef the
car in order to deliver the cauliflower to the market in good condition,
the quantity of ice required, nnd the most desirable locution for it.

INSPECTION OF CAULIFLOWER

The eauliflower loaded in the test cars was in good condition, with
no decay, heads generally compact, with little Juzziness, riciness, or
spreading. Riciness is eaused by the elongation of the stems of the
flower clusters giving an uneven or rough surface, sometimes with a
granular appearance; fuzziness is the elongation of {loral bracts of
the individual flowers giving a velvety hairy appearance to the heads;
spreading is caused by the separation of the clusters giving the head
a loose open texture in the more advanced stages. These conditions
are not generally serious but are an indication of overmaturity.

Inspection at destination (table 17) indicated that body icing had
little, if any eflect on the amount of decay, fuzziness, rieiness, or
spreading of the curds found at time of unloading. These conditions
were as prevaleni in body-iced curs as in cars without body ice.

¢Crushed foe 15 now being osed extensively with cudiftower shipmunts s bas laegely supersedel
chnk ica.
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However, the body ice did have a decided effect in Freventing the
yellowing of the jacket leaves. No wilting and very little browning
of the jaclet leaves were Tound in the body-iced cars, whereas in the
cars without body ice four arrived with little wiiting, two cars with
the top layer wilted, and four with practically all of the heads wilted.
"The shipments made in December and January arrived with the least
wilting and discoloration, whereas those in March and April were the
poorest.

TasLe 17.—Record of inspections of canliffower shipped 1o lest cars during De-
comber, Januwary, March, and April, 1923-27, frem. California and Oregon lo
New York City, Philadelphia, Pu., amd Chicage, 1L showing percentage of decay

under varfous methods of refrigeration
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RATE OF COOLING

Dauta regarding the rate of cooling in transit were obtained only
during December. As shown in table 18 the ecauliffower cooled most
rapidly in the cars receiving both top ice and pigeonhole ice. The
cooling was slightly slower In the top-iced cars without pigeonhole
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ice and was very slow in the ecars withont bady iee under standard
refrigeration. This condition is shown graphically in figure 11, which
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of eaulillower in {ransit. wnder the following conditions: Car A, standard re.
frigeration, no hody ieer ear B, initial icing and Lop icing var ¢, initial icing,
top eing, and pigeonhole jcing,

gives {he svernge temperntures in transit of the top and hottom layers
in curs under the three methods of refrigeration. 1t is apparent that
the bady icing was effeetive in cooling the top layers and was necos-
sury to cool the canliflower below 40° I, during the first 36 to 48
hours (table 18).

Freezing was found in all of the test ears during the 1925 test,
mainly in the erates along the side walls and near the doorway. Since
thermotneters were not placed at these Incations but only along the
center Jine of the fond, the temperature records probably do not indi-
cate the minimum temperatures that occurred in the cars, Freezing
was most severe in the body-iced ecars.

[CE MELTAGE

A comparison of the average total ice meltage in the test cars
shipped under the three methods of refrigeration used for cauliflower,
namely, top ice, top ice and pigeonhole leing, and bunker icing alone
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(table 19) shows comparatively small differences, although there was
a wide variance in the amount furnished the cars shipped under the
different methods.

Tanve 18— Time rfquircd: Jor cawliflower {0 be cooled; also maximum, minimum,
and average oulside {emperatures, and temperatuces of lop and bollom layers of
experimental shipmenis 1n December 1927 and 1028
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DISCUSSION

Studies were condueted from 1925 fo 1927, inclusive, on 22 cars af
suliflower shipped from western produeing regions on the Pacifie
const to eastern markets to determine whether body icing is necessary
for the safe shipment of this commodity. These tests were conducted
only during the winter nand spring months.

These experiments showed that cauliflower can be shipped under
standard refrigeration without any body ice during rold weather, but
since at the lime of shipment it is impossible to forecast weather
conditions several days in advance, the use of top ice scems ndvisable
throughout the entire year. Cauliflower shipped without body ice
is likely to wilt and the resultant shrinkage decreases its attractiveness.
Body icing is also effective in preventing hrowning of the juckets and
wilting, but does not scem to prevent riciness, fuzziness, and spreading
of the heads. The three latter conditions can develop in transit, but
as they are indications of overmaturity they can usually be eliminated
by not shipping overmature stock.

It is evident from the results obtuined in the transportation tests
that placing some ice in the load resulted in more rapid cooling and
more uniform and Jower transit temperatures than when all the body
ice was placed on top of the load. The amount of body ice melted
in transit varied with the outside temperatures and during these tests
ranged from a minimum of 2,839 pounds to a maximum of 8,833
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pounds. These amounts represent the appreximate quantity of body
tce nctually melted to give the necessary refrigeration in transit.
Additional ice should be supplied as a safety factor and to permit the
recetver suffieient time to properly market the commodity.” The fact
that the average total meltage of the bunker ice in the body-iced cars
with and without pigeonhole ice was only 2,666 and 1,640 pounds
indicates that it was not greatly needed and suggests that body ice
atone would be suffieient during the winter and spring months.

Tanue 19.—Record of ice supplicd and melled in experimental shipments of cauli-
Slower during December, January, March, and April, 1925-27
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fAvernpe of the § rary receiving bunker tee,
GREEN CORN

Green corn is grown in practically every State, but earlos shipments
are largely confined to extreme Southern and Southeastern States

during the spring months
s pring PACKAGE

In the tests reported hereln the corn shipped from TFlorida and
Alabama wns packed in crates having inside dimensions of 14 by 11
by 22 inches or 13% by 11 by 22 inches, being strongly constructed
and bound with wire.
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LOAD

The cars shipped from Florida were loaded with the packages 7
rows wide, 4 layers high, and 12 stacks long, with 2 additional stacks,
1 each side of the doorway 1 Iayer high, making sltogether 350 crates
in each car. The cars were braced at the doorway with 1- by I-inch
strips.

'lglose from Alabama were loaded the full length of the ear, seven
rows wide, four layers high, except at the doorway which was loaded
with four packages crosswise of the door and three layers high.

REFRIGERATION

The two experimentinl cars from Florida were shipped uwnder
standard refrigeration with 2 percent of salt, one car with and the
other without top ice. The quantity of salt used was 2 percent of the
weicht of the ice placed in the bunkers of the cars at the various iving
stations, On account of a delay in loading the top-iced car, the
amount of top ice was weighed only in one end of the car, A total of
5,130 poundls was placed 1n this emdd. This end of the ear and the
ear without top ice were Jonded the snne day.

The four experimential cars from Alabama were under standard
refrimeration with § to § tons of top ice added.

LOCATION OF THERMOMETERS

Flectrienl resistance Lhermometers, previously deseribed (p. 4),
were used with the test from Flovida, being inserted in ears of cor in
crates located along the center line of the eur at the top, third, and
botton layers at the doorway, quarter-length, and bunker positions.
Alr temperatures were obtained at the bottom bunker, at the doorway
near the bottom of the lead, aud about 6 inches from the ceiling.

In the tests from Alabama recording thermometers were placed in
the top and bottom layers of the doorway and bunker stacks.

EXPERIMENTAL WORK AND RESULTS

The experimental shipments consisted of one transporiation test in
June 1927 from Lawtey, Flu., to New Yorle City comprising twe eurs,
one with and the other without top ice. Four shipping tests of one
car each under top ice were made in June 1933 from Loxley, Ala., to
northern markets. One of these four cars was precooled for 4 hours
with a portable precooling apparatus consisting of four 10-nch fans
suspended in the top of the ice bunker immedintely above the ice.

EXPERIMENTAL SHIPMENTS
INSPECTTON

The eornin all the test enrs was in good condition at time of loading.

The ears were of good size, genernlly well filled, with husks of guod

green color.  Ilowever, practically all of the corn in the shipping lests
showed earworm damage.

HATE OF OOLING

There was not a great deal of difference in the rate of cooling in the
bottom layers between the top-iced and non-top-ieed cars shipped
from Florida, but, as shown in figure 12, the average temperature of
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the top layer of the top-iced car cooled to below 50° F. about 36 or 40
hours sooner than in the non-top-iced car. The temperature of the
corn at time of loading was about the same in both ears with outside
temperatures ranging between 55° and 85°,

The rates of cooling in two of the top-iced cars shipped in 1933, as
obtained with recording thermometers placed in the crates, are given
m figure 13; one load (car A) had been precooled with a portable pre-
cooling apparatus, Three percent, or about 288 pounds, of salt was
placed on the ice in the car prior to the beginning of precooling.  As
the precooler was used in the ear only 4 howrs, it is prabable that
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Figore 12.—0ntside air temperature and temperatures of top and bottom layers
of eorn in transit shipped under standard refrigeration with 2 poreent of salt:
Car A without top fee; ear B with top ive.

better results would have been secured il its operation could have
been continued longer, 6 to 8 hours’ preevoling generally being con-
sidered necessary with this type of equipment.

With the exception of those at the top deorway position the temnpera-
tures in the car receiving sait (car A) dropped to 50° F. in about 30
liours, whereas it took 65 to 72 hours to reach the same temperature in
the car receiving no salt (car B), except for the bunker positions. This
difference corresponds to that obtained in the other two experimental
cars shipped about the same time.
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ICE MELTAGE

The top-iced ear and the ear without top ice from Florida were
supplied with 25,680 and 28,359 pounds of bunker ice, respectwelff, of
which 15,920 pounds and 18,809 pounds melted. Practically all of
the 5,130 pounds of top ice placed on the one end of the top-iced load
was melted after 4 days in transit. This makes an approximate total
meltage of 21,000 pounds for the top-iced car and 18,809 pounds for
the ear without top ice.

From 10,000 to 12,000 pounds of ice was placed cver the top of the
loads shipped from Alabama. Practically nil of this ice was melted af
time of arrival at destination 4 to 5 days later. It is apparent from
the temperatures shown in figure 13 that the top ice was largely
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Car A, preeooled 4 hours, standayel refrigeration, salt and top iec; car B, stundurd
refrigeration and top e,

metted after 3 days in transit, as there was no further decrense in
top-layer temperatures after 3 days and in one postéion there was o

marked Increase.
PRECOOLING EXFERIMENTS

Experiments have been conducted at the Arlington Experimental
Farm to determine the length of time necessary to cool corn by

various methods and to find the eflect on loss in total sugars after
different periods at different temperatures.

HATE OF ('DOLING

Green corn is difficult to cool. As shown in figure 14, approxi-
mately 21 hours were required for cooling the corn at the center of
crate from 80° to 40° F. in still air having & temperature of 31°.
The slow rate of cooling is no doubt owing to the high rate of respira-
tion and the insulating effect of the husks, The same amount of cool




40 TECHNICGAL BULLETIN 627, U. 8 DEPT. OF AGRICULTTUNER

ing was accomplished in about 9 hours when the corn was placed in
moving air at the same temperature. When corn was immersed in
nonagitated ice water (32° to 34° F.} that in the center of the package
cooled to 55°in 1 hour, 50° in 2 hours, 41° or 42° in. 3 hours, and 40° n
4 hours. Corn placed in an air temperature of 70° to 74° increased
temporarily from an initinl temperature of 80.5° to 83°, and finally
cooled to a minimum of 73° in 46 hours.
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Fraore 14— Comparative rate of cooting green eorn inder different conditions,
RELATION OF TEMPERATURE TO TOTAL SUGAR

Green corn has the best flavor if eaten shortly after picking when
the sugar content is highest. It is evident {rom table 20 that there is
a definite relation between the percentage of total sugars lost and the
temperature at which the corn is stored. ~This corn was picked and
immediately placed in storage. Very little sugar was lost during the
first 3 hours, cspecially when the corn was held at 50° F. or below.
After 24 to 72 hours in storage, the loss in total sugars was high in all
lots except that stored continuously at 32°,

TABLE 20— Awerage loss in fotal sugars of green corn, picked direct from the field,
after storage af different e peraticres

Average loes In lotal supar after—

Iriwttient,
©2t hours E 72 hours
1

i
1
1 3 banry

Prereent Pereent
Ioe water 1 houy; 40° F. nir slerogee ... ..o oo ! 16,41 36, 78
ice water 1 hour; T0° F, nir slornge, .- . L.
2% B i storagl e e e - s wmene e ema - 0 A 60
S0 F. Al SLOTARB e e cmaam - . 14, 50
80° B, afr SEOTRER.-.. ..« cvoo cieen mmee e

+ Disearded.

TRose, Wright, and Whiteman " recommend that eorn for consump-
tion fresh should be cooled quickly to 32° to 36° F. after harvest.

1 Rosg, D. H., Wrisut, R. C., and WHITEMAK, T. M. TILE COMMERCIAL STORAGHE OF FRUITS, VEGE-
TABLES, AND FLORISTS' aTocHs, U, 3, Dept. Agr. Chr. 278, 40 pp. 1933,
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They state that experimental lots of green corn, fresh from the field
and chilled in ice water, can be held in 32° storage for 30 days without
apparent loss of quality.

DISCUSSION

These experiments consisted of one transportation test and four
shipping tests, with a total of six cars, and precooling tests with green
corn, to determine the need for body icing and the effectiveness of
precooling methods.

The data indicste the necessity for quick cooling of green corn.
TIce on top of the load is necessary in tramsit. It is evident that
standard refrigeration is not sufficient to remove the field heat and
the heat of respiration fast enough to prevent deterioration in the
quality of the corn.

Quick cooling to a low temperature is essential to {}reserve the
«uality and condition of corn and to prevent escessive loss of sugar
and browning of the husks. The corn earworm has become a serious
pest causing large losses, in many districts practically every esr
heing infested. Since the activity of many insects decreases with &
decrease In tempersbure, it is probable that quick cooling would
decrease the damage done by earworms to the corn while in transit.
Although there is no evidence to show at what temperature the corn
earworm becomes inactive or nearly so, it is believed that tempera-
tures at which corn would be stored or transported to prevent undue
Toss of sugars would also inhibit the activity of the worms fo such an
extent that damage in transit would be negligible.

The smount of damage done by earworms to corn during transit is
of importance to both shippers and receivers. United States grades
permit g small amount of earworm injury at the tip of the ear in U. 8.
No. 1 grade, but it is entirely possible that corn meeting these require-
ments at time of shipment might not do so at destination, because of
the activity of the worms in transit unless they sre suppressed by
unfavorable temperatures. '

The use of salb on the bunker ice is beneficial in lowering tempera-
tures in cars loaded with groen corn. While the amount used varies
from 1 to 5 percent, a minimum of 5 percent probably should be used
with shipments of green corn because of the unusual difficulty in
refrigerating such a load.

The results indicated that a minimum of 5 to 7 tons of top ice, in
addition to standard refrigeration and salt, are necessary for ship-
ments of green corn during a transit period of 3 to 5 days, because
ears reoeiving this amount arrived at destination after a 4-day transit
period with only 300 to 500 pounds of ice remaining on top of the load.
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