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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON,. D.C.

'BRUISING AND FREEZING OF APPLES
IN STORAGE AND TRANSIT

By Deaw H. Rosg, senips shpsiologist, and J. M. LuTz, junior physiologist,
Division of Fruit and Vegenble Qrops and Digcases, Burcan of Plani Industry®
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INTRODUCTION

Rather heavy losses are experi nced every year with shipments
of boxed apples because of a pecu’iar type of injury that occurs in
transit. The injury is most common ‘in apples from the Pacifie
Northwest but has been found in those from Eastern States. It
1s more frequently seen and is sometimes more severe during the
winter months than in the fall and spiing. However, it has been
observed on boxed apples shipped in the fall before freezing weather
had occurred either in the producing regions or anywhere along tha
route taken by the shipment. It has slso been seen so late in the
spring that there was no possibility of the fruit having been exposed
to freezing weather in transit.

In shipments of boxed apples the injury is usually found only
in the fruit at the lower side of the bottom layer of boxes in the
railway car, and for this reason is frequently thought to have been
caused by freezing. Tts ocenrrence in shipments arriving on the
market during the period from December to March, inclusive, leads
recelvers to suspect freezing damage in the whole bottom layer of

I The wrltvra nre indebted to R. L. Newton nnd M. J. Puyze, of the Pivigion of Fruit
and Vegetable Crops and Direases, Burecu of Plent Industry, U.S. Department: of Agri-
gulture, for the constructivn of the apparatug used to gimolate transli conditions

172827°—3§3———1 1
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bozes and _geﬁérdfi;\; 'reslu_lfs-lin the sale of those boxes at a price
substantially lower than that bronght by tne rest of the load. So
common is it at times on eastern markeis that it becomes an im-

" portant facthr in complicating the freight-claim situstion among

railroads, shippers, and recéivers. :

A condition similar to-that found in boxes has also been cbserved
just under the lids of bushel baskets and at various levels downward
from the tail end of barrels, In general, in the latter case, the
tighter the pack the farther down the injury is found in the barrel.

The form of the injury which is characteristic for barreied lots
has been found (1) in York  Imperial apples at the packing house
2 days after the barrels had been headed, and before even z light
frost had occurred; {2} in Jonathan and I"'ng David apples, in New
York City, after being unloaded from cars which moved from
Vir%in_ia. in Septembsr withiout transit refrigeration.

The following are the outstanding characteristics of the injury:

In boxed apples a flat bruised area is present on the side of the
apple that was in contact with the lower side of the box as the latter
lay in the car. The bruised spots have a water-soaked, darkened
appenrnnce, are generally quite firm, and may be an inch or more in
diameter. Occasionally the skin covering them is discolored in
spots or streaks, as shown in plate 1, B, or over practically all of
the bruised area, as in plate 1, A. In cross section there is usually
a water-soaked, glassy, wedge-shaped area which extends from the
skin toward the center of the apple. This may be shallow or it may
extend quite to the core. In some instances the inner edge of this
area appears as a fairly smooth curve, concave toward the core; in
others it is broken by strands or rays having the water-soaited
appearance just mentioned and extending radially for as much as
three fourths of an inch beyond ths main affected area (pl. 1, C e,
and D). Sometimes small water-soaked patches or streaks are also
seen underneath bruises produced bv the pressurc of one apple
against another, as shown in plate 1, C, b and ¢. Large bruised
areas such as that shown in plate 1, A, are usually sunken, grayish
or slate colored, and the flesh underneath them js rather soft.

In bruised apples from barrels and baskets, the bruised areas seen .
in cross section show a light-brown zone of fractured flesh under-
neath which there is frequently a more or less complete cone of

lassy, water-soaked flesh almost identical in appeurance with that
gescribed for boxed apples (KL 2, A). It should be noted that
the apple shown in plate 2, A,

temperatures.

In barreled lots, the apples next to the lid at the tail end show
the flat bruises, whereas those farther down show concave areas
where one freit has been squeezed against or into another. Both
kinds are produced of course when the head is forced into place
in closing the barrel. In all three kinds of packages—boxes, barrels,
and baskets—fruits can practieally always be found which show
only the light-brewn, shallow, so-called packing bruises ir which
the flesh is crushed or fractured (pl. 2, B and C}, the iines of fruc-
ture running roughly lparailel to the bruised surface, or concave
away from it and parallel to each other,

had not been exposed to freezing
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TYPICAL TRANSIT INJURY FOUND IN APFLE SHIPMENTS FROM THE PACIFIC
NORTHWEST OR PRODUCED EXPERIMENTALLY.

A.—Exterlor view of a Romn Beautly apple, showing severe transit injury in Lhe form of o large, Nat-
tened, discolored, and water-soaked prer, This apple was taken (in Jonuary) fram the botlom lnyer
of tritit in e commerclelly peeketd hox wileh bad inin on the false ffoar of o meilwnry car during the
transit pertad, There wns o porrugeted paper liner in the box,

B.—Exterior view of & Winesap apple, showing the same kind of infury a8 in A but o less pronounced
form,  The apple was Isken from g eammercinl shipment 10 January, Note discolored streaks in
the skin, Ne rorrugated liner.

' —Cross sectioh of » Rome Doty apple, from & eommercisl shiprmient in January, showing the trat-
st tyre of injury & produced by oressure agrinst tie side of the hox amel bwo breises b and ¢ prodneed
by pressure ngainst othor nppdes, o commngaded Hoer.

Bo~Crosg seetinn of & Deliefons apple, showing injury produced by loiting nnder pressure for lour
days ot 70° F. Mo carrupated linee.
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B

A, Crast secetion ofa King Oavid appte, <low i mueh tationed, breised ren in which o wne of hrowned
Oesh is preseol jusi vmder e sban, sl boelos Eliis i 1 conieal walor-=onhesd ared extomding b the core,

Phais apprle wak ke froan D Ll elid of & jmeeed whieh wis ool B dersey Chiy, X0, an Sepeaiber
17 afler b ay jonrney from Front Qavad, Ve Pl cor wie mioved s ot refrigerniton, T aml O,
Oedinary poeking or Bondloe Drokes oo loile Bty apples, shawing lines of fwture in the floh,
ingst of whicl ore reughily porolis te the steboe of e Draisaed s,
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_ The glassy, -rater-soaked condition is commonly attributed to
freezing in transit or in storage and has been the cause of much
controversy among shippers, carriers, and receivers. Whether pro-
duced experimintelly or observed in shipments of apples in railroad
cars, it will be referred to in this bulletin as transit injury or the
transit type of injury. The investigations herein reported were made
in an effort to determine the cause of this condition and practical
means by which it can be prevented.

HISTORICAL DATA

The effects of freezing on apples have been investigated by Caz-
rick ? and by Diehl and Wright,® but only under such conditions that
while the fruit was freezing it was motionless and subjected to
pressura. During both investiyations, apples which had ice in their
tissues were bruised, held for various lengths of time, and then
allowed to thaw. They were then examined to determine the na-
ture and extent of the injury produced.

Carrick* refers to a “darker triangular region shown in no. 4
[pl. IIT] and the three similar ones in no. 5 which were produced
“by quickly applying a slight external force at these points while
the fruit was still frozen.” He also refers to a more severe form
of the injury in which the triangular brown ares extends to the
core (his pl. VI, 1). He says;®

The distinctive appearance of apples when. suficiently frozen and thawed,
here assumed to be s manifestation of death, has been repeatedly designated
by the terms browning and gdizcoloration. In reality, the latter term often
refers {o some shade of brown or gray. The specific shade of color depends on
the varlety of apple, the severlty of the injury, and the age of‘the lesion.
These darkened areas, in whatever region they are observed, &re usually water-
soaked, and in less severe injury they appear somewhat transluces:t, gs when
ice is still present. When a large amount of tissue has been killed, the general
effect is very suggestive of an overmature fruit which has become dlscolored
In the absence of wicroorganisms.

Mention also is made of the frequent localization of browning in
the fibrovascular bundles.

Diehl and Wright describe and illustrate much the same symp-
toms of freezing injury in apples as those described by Carrick,
with a comment® that “bruises in hard frozen apples have a greater
depth and are conical in shape with the apex reaching nearer to
the middle of the fruit than on apples similarly bruised while un-
frozen.” They alse note the condition in ordinary bruises men-
tioned earlier in this bulletin where lines of fracture appear ap-
proximately paraliel to the surface.

In neither of the reports just discussed is there any description of
#n injury associated with freezing similar to the transit injury dealt
with in this publication., The apple shown in plate 5, ]B, in the
report by Diehl and Wright ™ has discolored areas in which there

*Cannick, D, B, H20MB EFFECTS OF FREEZING ON MATURE FRUITS OF THE ATPLE, N.YX.
{Cornell) A§r. Expt. 8tn. Mem, 81, 54 p., 1llus, 1924,

!DueHL, H. C,, an@ WricHT, R. G, FHREEZING INJURY OF APPLDS, Jour. Agr. Resenrch.
28 99-127, itlus. 1924,

dCapricg, . B. Op. elt, p. 40.

L Op, cit., p. 89

SDieHL, H. C,, and WrieHT, B. . Op. ctt, pp. 104-105,

7e—— and WataeT, R, ¢, Op. cit.
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are bands or stresks extending inward toward the center of the
fruit. These streaks do not have the water-soaked appearance, how-
ever, that is described on pages 2 and 6 of this bulletin and shown
in plates 1 and 2.

Zimmerman * described the fransit inzm_’il seen In bottom-layer
boxes of apple shipments arriving in New York and, so far as the
writers are aware, was the first to call atiention to the value of
paper pads in preventing it. His dsecription is as follows:

The brnises ate large, fint, in many cases diseolored, and extend into the
flesh of the apple for some distance, * * * If the fruit acfually has been
frozen, the bruises are deep, glussy, discolored, and the discoloration extends
inte the flesh in a pyramidal shape, whereas the bruises on apples which have
not been subjected fo freezing temperaiures in transit may be badly dis-
coloved (especiaily on large ripe Romes or Delicicus), bui discoloration does
not extend into the flesh to as great a depth,

Results reported later in this bulletin show, however, that glassy,
discolored biuises extending deep into the fiesh can be produced in
apples at fcmperatures well above freezing and therefore are not
necessarily a sign of freezing injury.

EXPERIMENTAL WORK

The apples used in thi: investigation were grown in the Pacific
Northwest. They were sceured in November and December 1930
and in January 1981 and 1932 from commercial lots that were in
cold storage at the time or had just been removed from such storage.
Immediately after being purchased they were placed at 32° T. and
held there until needed for the tests. The fruit was carefully sorted
before being used, and bruised specimens removed. In any one
segson it probably was somewhat riper and therefore softer in the
later tests than in the earlier ones, and for that reason was fairly
comparable to commercial lois inspectad at various times in New
York City during the season (winter of 193031} in which most of
the feste were conducted {p. 12). Temperature readings were ob-
tained by means of single-junction copper-constantan thermecouples,
of the kind described by Taylor? used in connection with a galva-
nometer and a potentiometer,

FREEZING IPOINTS OF BRUISED AND UNBRUISED FORTIONS OF APPLES

Barly in the investigation it was thought possible that the pressure
exerted on the b~*tom layer of apples in transit might have forced
some of the cell cip into the intercellular spaces of the fruit and that
the temperatures encountered were low enough to freeze the cell sap
but not the pulp. Accordingly, freezing-point determinations were
made on bruised and unbruised portions of apples. The results are
shown in table 1. Although the average freezing point of the
hruised portion was slightly higher than that of the unbruised pox-
tiom, it hardly seemed possible that the small difference in freezing
points (0.15° to 0.44° ¥.) was sufficient to cause one portion of the
apple to freeze while the remainder did not. Furthermore, in some
instances the unbruised portion of one a;lz_»lple froze at a higher tem-
perature than the bruised portion of another apple,

1 ZIMMERMAN, . PADPER PADS IN FAUGIT PACEAGES, DBetter Frait 24 {I1):10-11. 1830,
PRAYLOR, G F. HA0ME IMPNOVEMENTS OF THE NEEDLE-TIPEZ THERMOCOUPLE FOR LOW
TEMPERATURE WORE, Jour. Indus. snd Engla. Chem, 12:787-789, fllus, 1820,
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TABLE 1.—Freezing points of bruised and unbruised portions of apples

Average
Ireeziug
point
of uu-
bruised
portions

Average
freezing
ning of
rojsed
nortions

aF. °F.
Rome Baauty. - - - 28.35
Slayman Winesap - . R %gg

Delicious

RATE OF GGOLING OF APPLES IN THE BOTTOM LAYER OF A PACKED BOX

The rate of cooling in the upper and lower parts of individual
apples in the bottom layer of a packed hox of fruit was determined
in order to find out whether it is possible for the lower part of the
individual fruits to freeze while t}ﬁe upper part of the same fruits
remains above the freezing point. The determinations were made
aiter a box of fruit which had been held at 40° F. for s period of
6 days had been placed in a reom held at 25°. This box was placed
on & platform similar o the false floor used in a standard refrigera-
tor car and was surrounded on the sides, ends, and top by other boxes
of apples that had the same temperature. Just ef};re freezing

occurred the temperature of the bottom portion of the lowermost
apples was 1° to 2.5° below that in the top portion of the sume fruits,
but freezing took place in all parts of an individual fruit at about

the same time.

EFFECT QOF FREEZING ON BRUISED AND 'iIJNBRUISED APPLES

Bome Beauty, Delicious, and Stayman Winesap apples, some of
which had been purposely bruised, were subjecte to a temperature
of 21° F. for various periods up to 11 days in order to determine the
relative effect of freezing on bruised and unbruised apples. In most
cases a water-soaked ares appeared under the bruises even after slight
freezing. This injury apparently was not the same as the, fransit
injury described earlier in this bulletin because the bruises chacme.
teristic of the transit injury are firm and darkened, whereas those
produced in this experiment were soft and the only discoloration
was a slight browning after freezing. Unbruised apples did not
show injury until after prolonged freezing, In the Delicious only
slight injury was noticeable on unbruised fruits after they had been
frozen 3 days; Rome Beauty apples were very susceptible to freez-
ing injury and the Stayman Winesaps were even more so.

EFFECT OF PRESSURE DURING AND AFTER FREEZING IN STATIONARY TESTS

In an attampt to determine the effect: of pressure in producing the
transit injury some stationary tests were conducted in which pressure’
equivalent to 10 pounds per apple was applied by weights. This is
probably greatly in excess of the pressure sustained by an apple in a
packed box. Pressure was applied to the apples (1) while they were
freezing at 29° F., (2) while they were thawing, (3) while they were
freezing and again while they were thawing, and (4) to unfrozen
fruit held at 32°. The test included apples that were not bruised,
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as well as bruised apples with the weight resting on the bruise. The
varieties used in these tests were Delicious, Winesap, and Yellow
Newtown.

In no case was tlie typical transit injury produced. Pressure
while the fruit was thawing resulted in more severe injury and more
of the water-soaked appearance than was found under any of the
other three test conditions. Although some of the bruises produced
by pressure while the fruit was thawing became dark colored they
were always soft, whereas those characteristic of transit injury were
firm. The bruises were hardly visible in the fruit which was sub-
jected to pressure but not frozen. Pressure applied only while the
fruit was freezing produced very sli%h_t injury; bruising before
pressure was applied increased the total injury slightly.

BIMULATING TRANBIT CONDITIONS IN THE LABORATORY

In an effort to simu!ate transit conditions, particularly the jolting
to which shipments are subjected while being carried to market by
rail, an apparatus was constructed, conststing of a small wagon that
ran on a metal track and passed over wooden cleats five eighths
of an inch high, 38 times a minute. The box held about 15 pounds
of apples if the fruit was packed so that the lid when fastened
in place had a pronounced bulge. Rome Beauty, Stayman Winesap.
Delicious, Winesap, and Yellow Newtown apples were jolted in
this apparatus for 48 to 72 hours at 22° F.; Winesap, Delicious,
Stayman Winesap, and Yellow Newtown were run at 26° for 96
hours. Tests were also run with Delicious, Yellow Newtown, and
Winesap at 35° and 65° for 3 days. In each test some of the fruit
was wrapped, and some -was not. A box of fruit similarly packed
was held at each temperature—not jolted—as a check. About half
of the fruit was bruised before being subjected to these conditions.
All the fruit was examined for injury immudiately upon removal
from the apparatus and after being held at room temperature for
2 to 3 days. ‘

In none of these tests was the typical transit tﬂpe of injury pro-
duced. A water-soaked ares extending from the bruise radially
towards the core appeared in most of the bruised apples that were
jolted and frozen and in some of the bruised apples that were frozen

ut not jolted. The water-soaked condition was more extensive
where the britise was in contact with the top or the bottom of the
box. The bruised places, however, unlike those characteristic of
typical transit injury, were somewhat soft and usually not discolored
on the outside, Only a trace of the water-soaked condition appeared
in Yellow Newtowns.

Some of the water-soaked condition was found in bruised apples
that were jolted but not frozen; however, there was less of it in
the nonfrozen fruit than in that which froze during the experiment.
+ Because of the failure of the apparatus described heretofore to
reproduce the transit injury, a larger truck was constructed (fig. 1),
which was capable of carrying 3 bushel bozes of apples with a
200-pound weight on eachng;x.m This truck ran on a steel track

0 Texts of this apparntus by rasuns of an Impact recorder kindlf lent_by the Fruit
t

Growers’ Express Co., of Alexandria, Ve., showed that the jolting produces is abont
the same op that to which atipmenta are subjected lo the opdlnery type of refrigerator ear,
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and passed 38 times a minute over bolt heads projecting one fourth
of an inch above the irack. When the boxes with their weights
wers in place on the truck the whole load was wired down securel ,
to keep the shifting to a minimum. An extra board from the side
of another apple box was placed between the weight and the top
of each test box in order to distribute tiie applied wsight as evenly
as possible. '

Northwestern-grown Delicious, Windsap, Esopus Spitzenburg, snd
“iome Beauty apples of medium size, commercially packed in stand-
ard_bushiel boxes, were used. The boxes were Iaid on their sides
during these tests as they are when loaded into railroad cars. Unless
otherwise specified there was no corrugated pad between the apples
and the side of the box. The length of each test was approxiniately
92 hours. At 25° F., freezing started about 12 to 86 hours after the
fruit was placed in this temperature. '

Frgure 1.—Large apparatus used to simulate transit condltlons,

The firmness of the fruit at the beginning of this series of tests,
as determined by the pressure tester described by Magness and
Taylor,'* was as follows:

Home Beauty
Esopus Spitzenburg
Delicious ___
Winesap

EFFECT OF JOLTING WITH AND WITHOUT PRESSURE AT FREEZING ANE
NONFREEZING TEMPERATURES

One box of each of the four varieties of apples was subjected to
each of the following treatments:

Frozen; jolted; pressure,

Frozen; jcited; no pressure.
Frozen; not jolted; pressure,
Frozen; not jelted; no pressure.
Not frozen; jolted; pressurc.

Nat frozen; jolted; no pressure.
NoL frozen; not jolted; pressure.
Not frozen; not Jolled; no pressuve.

R AAGKRAS, J. R., and Tavion, G, P, AN IMDIOVED TYIE oF FHERRUNE TESTER FOR THEN
DETERMINATION OF FaiiT MATUmITY. 1.8, Dept. Agr, Cly, 350, B p., illus, 192G,
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“ Pressure ” means that a 200-pound weight was placed on the-
box, and wired down as already noted. The apples that were to be -
frozen were kept in a room held at 25° F. Those to be tested without
freezing were subjected to a constant temperature of either 40° or 70°,

The typical tiunsit injury described earlier in this bulletin, with
the exception of the type of injury shown in plate 1, A, was pro-
duced in most of the bottom layer of apples in boxes that were
jolted at 25° F., both with and withont pressure. It was also
produced in apples in the same position which had been given the
same treatment except that they were held at 40° during the test;
that is, under conditions where freezing could not occur. The
injury was slightly augmented by freezing as well as by the appli-
cation of a 200-pound pressure on the box.

The bruising produced by the jolting apparatus on Rome Beauty
apples at freezing and nonfreezing temperatures is shown in plate
3. That produced on Esopus Spitzenburg under these conditions is
shown in plate 4. The transit injury was not produced by freezing
alone or by pressure or the boxes when the boxes were kept motion-
less during the test. In a subsequent experiment the typical injury
was produced in all four varieties at 70° ¥., which is further evi-
dence that low temperature is not a factor in producing it. The
wrinkling of the skin noted on some of the apples that froze during
the test (shown inpl. 3, A) was also seen on apples jolted at non-
ireezing temperatures. L '

The results of these tests indieate that the transit injury is not
negessarily due to freezing:. When fruits from the various tests
just_deseribed were compared, it"“was found impossible to distin-
guish the injury produced by-jolting at nonfreezing temperatures
from that produced by jolting at 95° F., except i a few cases
wI;ere the bruised spots in apples that had frozen were noticeably
soft.

The finding of transit injury in boxes of apples that sere jolted
at 25° and at 40° F, without pressure from the ocutside shows that
the weight of the apples in a packed box furnishes enough pressure
to cause the injury. As a matter of fact, the pressure on the bottom
layer of apples in a packed box at the boftom of the load in a
refrigerator ear is probably not much greater than that produced
by the weight of the apples in the same box, above the bottom layer,
as compared with the actual weight of the boxes above. Information
on this point was obtained by partly supporting a box of apples at

- the ends, the portion between being allowed to rest on the platform
of a set of scales and the weight registered on the beam being noted,
and then setting five packed Boxes of apples on top of this box, and
again noting the weight. All of the boxcs were laid on the side,
as is done when they are loaded into railroad cars, The pressure
exerted on the scales by a single box whose ends were supported was
15 pounds; placing five additional hoxes on top of this box resulted
in 26 pounds of pressure on the seales, iun increase of only 11 pounds,
which is very much less than the weight of the added boxes.” Rock-
ing the boxes back and forth increased this pressure only slightly and
of course only momentarily.
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L:th. A, Hoen & 00

TYPICAL TRANSIT INJURY IN ROME BEAUTY APPLES, PRODUCED IN THE LABO-
RATORY BY JOLTING FOR FOUR DAYS UNDER PRESSURE IN A COMMERCIALLY
PACKED BOX.

Aapd C.—Frozon. Temperabure doring the experinient, 25° F.
B and D.—Not frozen.  Teinporabure doring the experiment, 40° 7.
No morrugnied liners,
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PLATE 4

*

§

¢ o

ESCPUS SPITZENEURSG APHLES. SHOWING TRANSIT INJURY PRODUCED BY JOLTING
FOR 4 Davs
Aol O, Frozen: tenjweitre, 250 F

Hoand D, Nl frozen; tempeeatore, T0° 1.
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ROME BEAUTY AFPPLED SHOW. G THE EFFECT OF JOLTING TWO COMMERCIALLY
PACKED BOxES

One bos was plae-Fdipectls oniteg tepfor b o o0 B . ' w bmai bt
Byers of the pespurtits buoes T airTe s e pie o the enterle vt e tag by AL P apier
bt I from e er Tw,
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Boxes of apples in a railroad car are subjected to more or less
jolting while en route from shipping point to market, the severity
depending on the speed of the train, the type of springs under the
car, the smeothness or roughness of the track, the manner in which
the cars are handled in starting or stopping the train and in switch-
ing operations, and on the length of the rail journey. It seems
highly probable that the jolting received by the bottom layer of
apples in the bottom boxes in a railroad car is sufficient to cattse the
transit injury here under discussion, without the fruit having been
in a frozen condition at any time during the transit period. In this
connection, it is worthy of particular note that in barreled a,qples
(p. 2) the typical transit injury can be caused by pressure alone.
In this case the pressure to which the fruit at the fail end of the
barrel is subjected is undoubtedly much greater then that existing
at any time in boxes of apples packed ang handled in the ordinary
commercial manner. In barrels a single heavy application of pres-
sure produces practically the same injury as that produced in boxes
by a long-continued application of a small amount of pressure,

COMPARISON OF FROZEN AND UNFROZEN APPLES IN THE SAME ROX

Apples when subjected to freezing temperatures remain under-
cooled below their freezing point for various lengths of time before
freezing occurs, even when jolted.* This fact was made use of in
an effort to determine definitely whether there is g difference in the
appearance of apples that freeze while being jolted and of those
that do not freeze under such conditions. Standard hoxes of each
of the four varieties were run on the jolting apparatus at 25° F.,
with thermocouples placed in the bottom. portion of each of the
apples in the bottom layer, Winesap and Esopus Spitzenburg were
run without pressure on the box; a 200-pound weight was placed
on each of the boxes of Rome Beauty and Delicious. These apples
were jolted on the apparatus until about half of them were frozen;
the remaining ones were still undercooled but had not frozen. At
the end of the jolting period all of the fruit wag removed and held
for 2 to 3 days at 40°, in order to defrost the frozen apples, and was
then examined.

Typical transit injury was found in both the frozen and the un-
frozen fruit, but, with the exception of a few of the frozen apples
in which the bruised area was somewhst soft, there was no apparent
significant difference between the apples that had actually been
frozen and those that had sndercooled I}):)ut did not freeze. In other
words, the results are further evidence that freezing is not necessary
for the production of the injury. An interesting point in this con-
nection is illustrated in plate 5, B, which shows the water-sonked,
glassy condition alongside the hole made in s Rome Beauty apple
by inserting a thermocouple. Slight movement of the thermocouple
in the flesh of the apple while the hox was being shalken was appar-
ently sufficient to produce the condition shown. 1In this instance the
pressure against the flesh must have been very slight.

2 LuTz, J. M., and WricaT, R, C. STODIES ON THE UNDERCOOLING OF CERTAIN FRUITS
AND YEGETADLES UNDER EXPERIMENTAL TRANSIT CONDITIONS, Unpublished manuseript,
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EFFECT OF JOLTING ONE BOX DIRECTLY ON TOFP OF ANOYHER

During this investigation the question was frequently raised, why
apples in the lowermost layer of the bottom boxes in the car show
the transit injury while apples in the same layer in boxes on top of
these are injured less severely, if at all. If the injury were due to
freezing it could be attributed to a temperature difference at various
ievels 1n the car sufficient fo result in a localization of the injury
near the floorboards, since it is a weli-established fact that the tem-
persture at the bottom of the load in a refrigerator car in transit is
ileaé'ly alwsys several degrees lower than that in other parts of the
oad,

In order to secure information on this point, one box of apples
was placed directly on top of another en the platform of the jolting
apparatus and wired in place. This fest was run with all four va-
rieties at 40° F. and with Rome Beauty, Delicious, and Winesap
at 25°. The typical transit injury was produced at both tempera-
tures in most of the apples in the bottom layer of the hottom ones
(pl. 6, B), whereas only a trace of it was found in apples similarly
placed in the top box (pl. 6, A). The most plausible explanation
for the difference is that the bottom box of apples absorbed the shock
which produced the transit type of injury and did not transmif it
to the upper box. If thisis the true explanation it probably accounts
for the prevalence of the transit injury in the bottom layer of boxes
in a railroad car, ever when some of the apples at that location do
actually freeze, since the evidence already presented indicates that
freezing alone does not produce the injury. It might be argued that
injury appeared in the iower box and not in the upper one because
of the extra weight on the apples in the lower box. Against this it
is only neccssary to refer to the evidence already presented (p. 8),
that the injury can and does occur in jolted boxes which have no
weight on top of them.

EFFECT OF PLACING 3TRIPS UNDER THE ENDS OF TEST BOXES

It was thought that resting the ends of the boxes on a wooden
strip might be of some value in preventing the bruising injury.
Accordingly, standard boxes of apples, the ends of which were sup-
ported by i- by 2-inch lumber, were jolted on the apparatus at
25° and 40° F. with and without pressure applied from tlie ocutside.
Under these conditions typieal transit injury was produced in all
four varieties, similar to that found in boxes not resting on strips.
Plate T shows the condition of apples from boxes in which a corru-
gated paper liner was used and of apples from other boxes whose
ends were supported by strips.

EFFECT OF STRIPE IN COMMERCIAL SHIPMENTS

During the winters of 1920-30 and 1930-31, abont 20 shipments
of apples in which the ends of the bottom layer of boxes were sup-
ported by strips were inspected in New York. Some of these had
been prepared for test by the United States Department of Agri-
culture, and the others constituted part of an extensive series of
tests inaugurated by one of the private car companies. It was found
that the strips were of no value in preventing the transit injury.
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In fact, when a box slipped endwise, as frequently happened, so that
one end rested oxn the false floor instead of on the strip and the other
end rested on a strip at an angle, worse bruising resulted than if the
strips had not been used.

EFFECT OF PLACING CORK, LITH, AND CELOTEX UNDER THE BOXES

* Sheets of cork, lith, and Celotex were placed on the platform, and
boxes of fruit were placed directly on each of these materials to
determine their effectiveness in absorbing shock sufficiently to prevent
bruising injury. The cork and lith were 2 inches thick, and the
Celotex was one half inch thick. Typical trapsit injury was found
in apples in the bottom layer of all the test boxes placed on these
meaterials.

EFFECT OF PLACING LITH UNDER THE SHAKING APPARATUS

In order to test the effect of a yielding roadbed, 2-inch sheets of
lith were built up into a block 12 inches high, 214 feet wide, and
7 feet long in 2 room maintained at a temperature of 40° F. The
shaking apparatus was set on this block and a 4-day fest was run
with commercially packed boxes of Rome Beauty, Delicious, and
Esopus Spitzenburg apples, the boxes being laid on their sides on
the carriage of the apparatus. No corrugated-paper liners were
used. Adfter the completion of the test the lith was rerioved, the
apparatus was placed on a concrete floor, and a second test was run
with apples from the same lot as those used in the first test. An
examination of the two lots showed that more of the transit type

of bruising had been produced when the shaking apparatus rested
on the concrete floor than when it rested on lith.

EFFECT OF A FROZEN AND AN UNFROZEN BASE UNDER THE SHAKING APPARATUS

About the middle of January 1932 two other tests were run,
with the same varieties as in those just described. In the first test
the shaking apparatus rested on a relatively dry, unfrozen mixture
of soil and gravel about & foot thick, confined by a wooden form;
during the second test the gravel and soil mixture was kept frozen
by means of brine coils connected with a refrigerating system. The
brine rqils were not installed until after the first test.

The woxes were jolted under pressure for approximately 26 hours.
Examination at the end of that time showed typical transit bruising
on the lower side of the bottom layer of apples in all boxes of both
tests. In other words, the condition of the experimental roadbed
seemed to have little or no effect on the amount of bruising produced
in the fruit. Whether this holds under actual transit conditions
during the shipment of apples by rail is o matter for further
investigation.

EFFECT OF CORRUGATED-PAPER LINERS IN TEST BOXES

In an attempt to find a means of reducing or eliminating the
transit injury, various boxes of fruit were prepared for test by
placing a single corrugated-paper liner between the fruit and the
side of the box which was to lie on the platform of the jolting
apparatus. The boxes thus packed were joFted for 92 hours at 25°
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and 40° I, with and without pressure. All four varieties were used.
Inspection at the end of each test showed that there was much less
of the bruising injury in the boxes containing corrugated liners
than in those in which no liners were used. A slighf amount of
broising appeared in some of the apples in boxes containing lners,
es%pecially when the fruit froze or had been subjected to the pressure
of 2 200-pound weight during the test, but it was far less serious than
that occurring where the corrugnted liners were not preseat. These
results indicate that such liners would be an effective means of

reventing bruising injury to apples under commercial econditions
in transit, because of the protection they furnished against the
injury under the extreme conditions to which the fruit was sub-
jected on the jolting apparatus.

EFFECT OF CORRUGATED-APER LINERS IN COMMERCIAL SHIPMENTS

During the inters of 1920-30 and 1930-31, at least 50 shipments
of apples in which the boxes either had been completely lined with
corrugated paper or had corrugated paper next to the sides were
inspected on the New York market. Soine of these shipments were
prepared for test by the United States Department of Agriculture,
but most of them: were ordinary commercial shipments. The transit
injury was not found in any of the fruit in these cars but did appear,
apparently in the form observed by Zimmerman3®* in 1930 and
earlier, in fruit in the bottom layer of boxes from commercial ship-
ments in which the corrugated paper liners had not been used. A
few cars of :?ples were observed ([irepared for test by the U.S.
Department of Agriculture} in which the corrugated-paper liners
were used in only part of the boxes in the car, Under such con-
ditions the injury was not present in the bottom-layer boxes thai had
the corrugated-paper liners between the firuit and the side of the
box, but did occur in the bottom-layer boxes that did not have such
liners. :

These observations and the results obtained with the jolting ap-
paratus show the advisability of lining the sides of apple boxes with
corrugated-paper liners if the bruising injury is to be avoided,

EFFECT OF CORRUGATED-PAPER PADS IN BARRELS

The failure of the pad to protect apples in barrels is undoubtedly
due to the heavy pressure required to force the head into position.
There is ample evidence at least that the fuller the barrel (and con-
sequently the greater the pressure required in heading it), the
greater 1s the damage from bruising. -

Investigations made at a packing house at Hancock, Md., showad
that when barrels are filled so that the apples stand an inch and a
half above the top of the staves, about four times as much bruising
is produced by the heading operation as when the apples come only
to the top of the stives. In either case most of the severe bruises,
if examined 2 or 8 days after the barrels are filled, show the water-
soaked condition already described. After the fruit has been in
headed barrels for a month, bruised spots on being cut no longer
show the water-sonked condition but are dry and corky.

1 FimMEnsaN, F, QOp, eit.
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EFFECT GF MATURITY OF THE FRUIT

During the latter part of the shipping seasons of 1929 and 1930
some of the transit bruises were rather soft in fruit in the more
advanced stages of maturity. A similar condition was observed
during the Ia%nrlttory tests. It should be noted also that in tests
with Rome Beuauty apples which were eating ripe and were jolted
with and without presaure, at temperstures of 40° and 70° F, a
few bruises were found in which the flesh was brown throughout but
not fractured; in the same lots of apples there were other bruises
which had a quarter-inch layer of water-soaked flesh next to the
skin, and underneath this was a brown zone of unfractured fesh
one fourth to one half an inch deep. The latter is illustrated in
plate 5, A. TIn both types of injury there was slight but distinct
browning of the smaller vascular bundles. Both types are generally
considered definite indications of freezing injury, but both were
found in apples which could not have frozen during the experiment
and were known to have been free of brudses at the%eginning of the
experiment. The bruises in which there was browning of the small
vascular bundles were not restricted to the side of the apple which
lay aguinst the lower side of the box.

The wholly brown bruises with vascalar browning just described
had very much the appearance of those figured by Carrick on his
plate I1L, 4 and 5. When considered with the other results of this
investigation, they justify the statement that the jolting of com-
merciaﬁy packed boxes of apples at nonfreezing temperatures with
or without pressure applied from the outside is able to cause all of
the visible symptoms commonly recognized as characteristic of
freezing injury, except the browning of the large vascular bundles
near the core, the extensive killing of tissue mentioned by Carrick
(sec p. 8 of this bulletin}, and the very large bruised areas similar
to the one shown in plate 1, A. Such aveas are gray or slate colored
over nearly the whole surface; they are also noticeably sunken; and
the flesh underneath them is rather soft. The injury, as already
noted, usually occurs on the under side of the lowermost layer of
apples in the box.

SUMMARY

A peculiar type of transit injury of apples is described which is
:{"cmn(fI most commonly at the bottom of loads of boxed apples in
railroad cars,

A description is also given of a somewhat similar type of injury
found in barrels and baskets of apples when considerable pressure
has been used to force the head or the cover into place.

The occurrence of the injury cannot be ascribed to the small dif-
ference in freezing point of bruised and unbruised portions of the
apples or to the difference in the rate of cooling of the upper and
lower portions of individual apples.

Attempts to produce the injury in stationary tests were unsuc-
cessful.

The typical transit injury was produced at freezing and nonfreez-
ing temperatures by simulating transit condifions; that is, by jolting
apples in commercially packed boxes, with and without pressure

¥ Carnicx, D. B, Op, cit,
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from the outside. The only visible symptoms of true freezing injury
which have not been produced by this treatment are the browning
of the large vascular bundles, usually 10 in number, around the core,
the extensive killing of tissue found in severely frozen apples, and
" she-lavge gray or slate-colered sunken areas similar %o the one shown
in plate 1, A.

It is impossible to distinguish the transit injury produced at
freezing femperatures from that produced at nonfreezing tempera-
tures except in occasional fruits in which the broised area becomes
somewhat soft after having been frozen. However, this softening
is sometimes found in brumses on fairly ripe 1ruit which has been
bruised while not frozen.

Corrugated-paper liners placed next to the sides in boxes of apples
eliminated practically all of the bruising or transit injury both in
the laboratory and under actual transit conditions. Wooden strips
placed under the ends of the boxes were of no value in preventing
the injury in the laboratory tests or under actual transit conditions.
In barrels, the placing of a corrugated-paper pad on the fruit after
the barrel is filled but before it is headed up seems to huve no effect in
preventing bruising and the transit type of injury.

Corl, lith, or Celotex placed under the bottom layer of boxes were
of o value in Isboratory tests in preventing the transit type of
bruising.
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