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INTRODUCTION

Sinee peaches are harvested during the late summer, they may he
exposed to relatively high temperatures of 80° Lo 90° F. or above
aller harvest. During transit they may be subjected to tempera{ures
of 60° to 36°, depending on the method of refrigeration and their posi-
tHon in the load. Although penches eannot be held in storage [or long
periods, it is often desirable that they be stored for a few weeks to
extend the marketing period. It is important, therelore, to know the
effect of different temperatures on the rate of ripening and on the
dessert qualily and composition of the [ruit, and to determine the most
desirable storage temperature and the maximum length of time that
the fruit may be stored advantageously, The object of the investigu-
tions reported herein was to obtein information relative to these
points.

MATERIAL AND METHODS

The perch-storage investigations extended over the four seasons ol
1930 to 1933, inelusive, and were coneerned prineipally with the four
vareties Carman, Belle (Belle aof Georgia). Klberta, and J. H. Hale.
The {ruil was obtained front a conunereial orchard near Leesburg, Va..
h 1930, 1831, and 1932, and from Arlington, Va., and College Tark,
Md., in 1933, The fruif was stored at the various temperatures the
same day that it was picked or in some Instances on the following
morning.

The [ruit was picked when it wux cunsidered to be shipping ripe.
The date of picking and condition of the frult when harvested are

shown in table 1. The period during which pickings of a variety were

L Bubmitted for publicetion Chelober 27, 1058,
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made varied in diﬂ;gy/;nt seasons from 6 days for Belle
to 21) to 15 days §F Elberta {August 16 to 31). These variations
may have been due to differences etther in the time of ripening or in
the matnrity of the fruit at the time of picking. The data show that
both factors were in part respousible, as the firmness of the varieties
often varied considerably, indicating that the fruit was not of the
same maturity when picked. On tlie other hand, the firmer lots were
not always the earlier picked lots, indicating seasonal differences in
the time of ripening. The dry weight, sugrar, and acid contont of the
fruit of & variety also varied considerably hetween sensons, and this
variation did not seem to be related to the maturity of the fruit ns
messured by its firmness (table 1).
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The ground color of the fruit at harvest was determined in 1933
by means of the apple and pear color chart (I7).2  Although the color
shades on this chart did not correspond with those of some of the peach
varieties, particularly the white-fleshed ones, it was possible to deter-
mine the approximete depth of color of inogt of them. Coe (5) has
presented a eolor chart for peaches, but this was even less satisfae tory
than the apple chart.

—_
T Italic nitmbers tn parentheses refer to Lilerature Cited, p. 31,
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In 1930 the studies were of & preliminary nature and the peaches
were held at only 30° to 31° and 60° F. In 1931 and 1932 storage
or ripening temperatures of 30°, 32°, 36°, 40°, 50°, 60°, 70°, and 80°
were used and the rate of softening and the respiratory activity of
the fruit were determined at these temperatures.

The firmness of the fruit was determined by means of the Magness
and Taylor (18) pressure tester with & plunger five-sixteenths of an
ineh in diameter and with a penetration of five-sixteenths of an inch.
Morrnis (19) and Coe (5) used similar plungers in their studies. Blake
and Davidson (2), however, used a plunger three-sixteenths of an
inch in diameter, which gave readings about 50 percent as high as
with the ¥s-inch plunger. Two tesis were made on the pared flesh
of each peach near the middle of each cheek, and 10 to 20 peaches
were generally used each time.

Coe (5) reported pressure tests on the pared suture, at which point
the fruit was generally considerably softer than on the cheeks. Blake
and Davidson (2), on the other hand, found the suture to be only
shightly softer than other parts of the fruit and recommended that
12 tests be made on each peach, at the suture, opposite the suture
(dorsal side), on each cheek in the middle of the fruit, and also at the
apex and hottom of the fruit. They also recommended that the tesis
be made on the unpared surface, Because of these differences in
the methods of determining firmness, it is not genernlly possible to
make direct comparisons between the firmness of the fruit as reporied
by the various investigators. The desirability of 1 uniform method
of testing the firmness of peaches is obvious.  Since a ¥g-inch diatncter
plunger was the first to be used on peaches (76) and has been more
commonly used and gives equally satisfactory results (2), its gencral
adoption would seem desirable. It would also secmn desirable to tesi.
the fruit at more than 1 point but hardly necessary to malke as many
as 12 tests on cach fruit. The differences between the tests at the
apex snd at the bottom as reported by Blake and Davidson (2) were
not consistent, and the tests around the middle were generally inter-
mediate between those at the botfom and at the apex. The results
of Blake and Davidson do not indicate that the average of the 2
cheeks nt the middle varies significantly from the average of all 12
tests.  Sinee this was the original method used (76), and as there
does not appear to be any good reason for changing, its adoption as u
stundard method seems desirable.

The respiratory uctivity was determined on duplieate lots by meuns
+* “he apparatus described by Haller and Rese (12).

For sugar determinations, longitudinal segients were cut from the
sides of at least 20 peaches. These were ground in a food chopper
and thoroughly mixed, and 50 gm. of the material was weighed out
and extracted with approximately 80-percent slcohol by means of
a Soxhlet e.traction apparatus. The extract was made to volume
apd the sugars were determined in an aliquot of this by the Munson-
Walker-Bertrand method.

Dry weights were obtained by drying the residue after extraction
and by drying an aliquot of the extract to constan* weight under
vacuum at 70° F. Total dry weight was obtained by combining the
dry weight of the residue with that of the extract.

The juice of the peach flesh was expressed through canvass by means
of a hydraulic press, and the pH value determined with a saturated
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calome] hali-cell and a guinhydrone eiectrode. The total or titrat-
able acidity was determined by titration of an aliquot of a water
extract of the tissue to an end point corresponding to pH 7.0 as
determined with the above apparstus. The percentage of acidity
was ecalculated on the basis of the acid being 50 percent malic and
50 percept citric, as reported by Nelson (20).

t temperatures of 50°, 60° 70°, and 80° F. the fruit was held
continuously unti] ripe, and the composition was determined at this
time. The {ruit did not ripen at temperatures of 40°, 36°, 32°, and
30°, but lots were transferred to 70° at weekly intervals for ripening,
and the composition was determined at the time of transfer and
after the fruit had become ripe.

In 1933 additional varieties were used. Holding temperatures of
32°, 40°, and 70° F. only were used, except in a few Instances where
a temperature of 50° was used. The softening rates and respiratory
activity at the different temperatures were not determined.

PRESENTATION OF RESULTS

FPreliminary reports of certain phases of this work have becn
made (10, 13, 14).

RELATION GF FIRMNESS AT HARVEST TO PICKING MATURITY

The peaches vuaried considerably in firmness, and it was possible to
obtain lots representing twe or more stages of maturity ut n single
picking, as was done with certoin varieties in 1933 (table 1), Truit
of different maturities was separated by color; the less motuve lots
generally were considerably firmer.

The average pressure test of the Elberta lots mnged from 11.1 to
14 pounds (fable 1), except for the 1931 picking, which tested only
3.5 pounds. This lot had many ripe fruits and was too soft for
desirable storage or shipping quality. The early picking in 1933,
which was firmest, ripened with fair quality, These results indicate
that Elberta peaches should be picked with an average pressure test
between 11.0 and 14.5 pounds. Mngness and Allen (76 recom-
mended that Elbertas be picked at a pressure test between 12 und
16 pounds for shipment from California, and Coe {5) recommended
12 to 18 pounds for Utah conditions. On the other hand, Blake
and Davidson (2) considered that firmer peaches were necessary
under the more himid conditions of New Jersey and recommended
15 to 17 pounds for nearby shipment and 17 to 20 pounds for long-
distance shipment. It seems likely that the fruit would tend to be
softer ot the sume maturity under humid than under dry conditions
and therefore should be picked somewhat softer in order to ripen
with satisfactory dessert quality. The results reported herein for
Virginia conditions indieate thaf the recommendations of Blake and
Davidson were too high.

Although the J. H. Hale peaches were picked in 1830 and 1931 at
sverage pressure tests of only 9.1 pounds (table 1), these lots had
some peaches that were somewhat ripe and not firm enough for best
shipping conditions. From these results it seemns likely that satis-
factory shipping and dessert quality would be oblained by picking
this variety at pressure tests between 11 and 16 pounds. This
agrees well with the recommendations of Coe (5) that they be picked
at pressure tests between 12 und 17 pounds.
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Belle penches were picked with an average pressure test ol 5.4
pounds in 1930 and 1932 (table 1). These lots, however, contained
meny soft fruits, and the pressure tests of 12.5 and 13.8 pounds in
1931 and 1933 represented more satisfactory shipping conditions.

Carman peaches were picked with an average pressure fest of 7.1
pounds in 1933 (table 1), but this lot slso contalned many peaches
that were too soft for satisfactory shipping. The results indicate
that pressure tests of 9.0 to 12.0 pounds at harvest would give satis-
factory shipping and dessert quality.

The pressure tests of certam other varieties are given in table 1
{or the 19383 season. The results are {airly uniform for the different
varieties and indicate that for many enstern-grown varieties a pres-
sure test of 10 to 14 pounds at harvest represents a condition of the
fruit at which if ripens with good dessert quality and would hold up
well {or shipping.

RELATION OF TEMPERATURE TO SOGFTENING

The mie of softening at the different temperntures of the varieties
used in 1931 and 1932 is presented in figures 1 and 2.

The peaches genersliy tested about 2 pounds or less when fully ripe
ond were in prime enting condition. The eurves show that softening at
70° and 80° F. was very rapid and at nbout the same rate. At these
temperatures the fruit became fully ripe and soft in 1 to 3 days,
depending on the firmmess at the time of picking. In 1932 Elberta
required a longer time (about 5 days) to ripen.  Even at 60° softening
was very rapid, and in 3 to 6 days the [ruit softened to a pressure test
of 2 pounds or less. At 30° the softening wns considerably slower
and at least 6 to 10 days elapsed before the fruit reached good condition
for enting, At 40° softening was greatly retarded and in eonly three
lots did the fruit soften to 2 pounds or less after 3 weeks’ stornge.
In 1931 Belle showed very little softening after storage for 24 days at
40°, and in 1931 and 1932 all varieties failed to ripen at this ternperature
before internal breal-down became serious. At 36°, 32°%, and 30°
there was practically no softening, and frequently the fruit was signifi-
cantly more firm at some of the nspections than at time of harvest.
The daily rate of soltening is shown in table 2,

Tanne 2. Duaily valc of safiening of peaches ol parions femperatures
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Morris (19) determined the rate of soltening of Elberta peaches at
60°, 50°, 40°, and 32° F.  I1is results approximate those shown hierein,
excepl that he found semewhat more softening ot 32°.
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EELATION OF TYEMPERATURE TO RESPIRATORY ACTIVITY

The respiratory rates, as shown by the carbon dioxide evolved, at
the different temperatures, are shown 1u figure 3 for 1931 and in figure 4
for 1832. The rates were consistently higher in 1932 than in 1931.
The average st all temperatuves was 34 percent higher in 1932 than
in 1931 for Carman, and 37, 14, and 23 percent higher for Belle,
Eiberts, and J. H. Hale, respectively. The higher respiratory rates
in 1932 were associated with higher concentrations of sugars and acids
(table 1} and with higher dry weights in Belle and J. H. Hale. Dry
weights of Carman and Elberta at barvest were not determined in
1931, but the lower sugar and acid eontent would indicate n lower
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Figrues 2. Firmness of peaches in stornge ot various temperatures, 1432,

dry weight for them also. Thus the Jower respiratory activity in
1931 was apparently due to a dilution of the substrate, and probably
no significant difference would be apparent on & dry-weight basis.
A simifar relation has been reported for strawberries (71).

In both ysars the Corman peaches respived considerably more
rapidly than fruit of the other varieties, with no consistent or marked
differences among the othar varielies.

The rate of production of carbon dioxide per kilograin of fresh
weight per hour varied lrom 3.8 to 6.2 mg. ot 32° F, and from 81.5 to
141.2 mg. 3t 80° TIn 1930 the respiratory rates were delcrnined at
30° and 60° only. The rate at 30° in 1930 vuried from 4.3 to 4.8
mg., which was somewhat lower thun the rates st 32° in 1932 but
generally higher than those in 1931, Although direct comparisons
cannot be made, these results indiente somewhat lower respiratory
rates ot 30° than at 32°.  The rates ot 80° in 1930 were intarmediste
between those in 1931 and 1932.
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The curves (figs. 3 and 4) show a rather rapid incroase i respiratory
activity with increassed temperature. These results are in general
agreement with those of Gore (8) but cover a wider range of tempera-~
tures. This change in rate may be expressed as Van’t Hof’s tempera-
ture coefficient (@) or the number of times the rate of activity is
changed by each 10° C. (18° F.} increase in temperature. These
temperature coeflicients are given in table 3. A coefficient of 1.5
is considered typical of a physical renetion, whereas one of 2 to 3 or
more at low temperatures is typieal of a chemical renction. The
temperature coefficients of the respirniory rates of the peaches were
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creater than 3 at the low temperutures and averaged slightly more than
4 between 32° aud 50° K. bul were only slizhtly greater than 2 at the
higher temperatures, §2° to 80°.
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As pointed out previously (10), the respiratory asetivity of peaches
incrensed more rapidly with temperature inereases than did the
respiratory activity of some other fruits.  Thus, with peaches, the
respiratory rate at 70° If, ranged from 11.4 to 17.5 und avernged 15.4
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times as great as at 32°, whereas with strawberries, oranges, lemons,
and grapefruit the rate at 70° was only 7 to 8§ times that at 32°,
With apples (17) the rate at 70° was about 10 times that at 32°, and
with Concord grapes (75} about 12 times.

Insofar as the rate of respiration indicates the rate at which the
fruit deterdorates or ripens, these results emphasize the importance
of prompt cooling after picking and indicate that cooling may be
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IFrnene 4, Respiration of peaches in relation Lo terpperature, 1932,

more important for peaches than for many other fruits. Thus, on
the basis of respirntory activity, 1 day at 70° to 80° F. would he
equivalent in the life of the [ruit to about 2 days at 60°, 4 at 50°, § at
40°, or 16 days at 32° to 30°,

Theoretically the respirntory ratios (CO,/(%:) may indicate the type
of material respired, as the complete oxidation of # hexose sugar gives
a ratio of 1.00 amd the complete oxidation of mudic or citrie aeid gives
aratio 0f 1.33.  The ratios of the peaches at the different temperatures
are given in tabic 4. There was no consistent difference in the ratio
ot the different temperatures or amonyg the different varioties. The
average ratio for all varieties and temiperntures was 1.10, indicating
that hoth sugars and acids were oxidized in the respiration, with
somewhat more sugar than acid heing respired, The analysis of the
fruit, on the other hand, indicates a relatively greater loss of acid at
50°, 40°, and 36° F. than at the other temperntures.

PR -0 L
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TasLE 4.~Respiraiory rattos (CO/0:) of praches al differeni temperalures

Carman Belle Elberts J. H. Hale
Temperature Aver-
{® F.) age

1032 1532

u
1
1
1

1.
L
1
1.
L
1.

5
0
3
2
2

Avernpge . L] RO IR R DA S R I 1.1

v Eimple determinntions. Al others avernee of duplivates.  In sune delermiculions an air leak in the
respiralory apparatng resulied in excessively high ratips.  Snch resubis wers disearded and onty the single
determinations used in these instanves,

RELATION OF TEMPERATURE TQO GOMPOSITION

The dry weight, sugars, and total and active acidity of the peaches
when stored and after ripening at temperatures of 50° to 80° I, are
shown in figures 5 to 12. At 30° to 40° the peaches did not ripen,
and the composition of this fruit was determined after 20 to 26 days
at these temperatures and also after they were ripencd at 70° after
this Tength of time at the low temperatures, These results also are
presented in {igures & to 12

PERCENTAGE OF DRY WEIGHT

The results do not indicate any consistent relation between the
pereentage of dry weight of the Mtuil and the temperature at which it
was held or ripened. TBelle had the highest dry weight at 50° F. in
1931, whereas in 1032 it was lowest at 40°.  Elberta had a very high
dry weight at 80° in 1032; the other varieties did not (figs. 9 to 12).

Tt will he noted that in some instanees the percentage of dry welght
increased during storage over that at harvest, whereas in other in-
stances there was a decrease.  Whether the percentage of dry weight
increases or decrenses during storage depends on the relative rate of
moisture loss by transpiration and the rate of carbon loss by respira-
tion.

BTIGARS

Tn general the sugars follow the same trend as the percentage of
Jdry weight. They fend to inerease or deercase depending on the
relative rate of transpiration and respiration.

ACIDUTY

There was no congistent difference in the titratable acidity when
the peaches were ripened at 80°, 70°, and 60° F. The acidity was
generally eonsiderably lower in peaches ripenad at 50° than in those
ripened at the higher temperntures; even lower acidity was obtained
n.l‘];m‘ 20 to 26 days at both 40° and 36°, although the fruit at these
temperatures was not ripe.  After 20 to 26 days at both 32° and 30°
the acidity concentration wus much greater than at 36° and 40° and
averaged slightly higher than at 50°. When the peaches from the
temperatures of 40° to 32° were ripened at 70° there was o further
marked decrease in titratable acidity. The hydrogen-ion concentra-
tion showed a trend similar to that of the titratable acidity, These
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acidity changes are of particular significance, since the peaches failed
to ripen with good dessert quality at 50° and were generzlly mealy or
developed internal break-down when ripened at 70° after 2 to 3
wecks’ exposure to 40° and 36°. Although break-down oecurred in
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FGure 5 -Composition of Carman peaches when ripened al various teraporatures,
1931.  SBtraight lines represent composition when stored.  Fruit held at various
temperatures as follows: 80° I'. for 3 days, 70° for 4 dayvs, 80° fur § days, 50°
for 10 days, 40° for 21 deys (broken lines) and 4 days at 70° (solid lines), 36°
and 32° for 22 days (broken Jines) and 3 days at 70° (solid lincs).

peaches held at 32°, it was much less severe and developed later than
at 36° and 40°. Thus, the relntively large loss of total and active
acidity af 36° to 50° was associnted with a greater susceptibility of
the fruit to break-down at 36° and 40° and the development of poor
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dessert quality at 50°. Apparently the metabolic balance was upset
at the Intermediate temperatures of 36° to 50° and resulted in
abnormal ripening.
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Figure 6.— Composition of Bello peaches when ripened at various temperaiures,
1631, Biraight lines represenl composition al barvest,  Fruit beld al various
temperatores as follows: 80° F. for 3 days, 70° for 4 days, 50° for 7 days, 30°
for 17 days, 40°, 36°, auc 32° for 25 dayx (broken lines) and 4 days al 70°
{solid lines}.

BPECTIN CTIANGES DURING BIPFENING

In 1933 the soluble pectin in the expressed juice was determined
when the peaches were harvested and after ripening at 70° F. und in
some instances at 50°. The pectin was precipitated from 100 mi. of
expressed juice by making up to 300-ml. volume with gleohol and
filtering. 'The precipifate was dissolved witi: ot water and saponified




EFFECT OTF ATORAGE TEMPERATURES OX PEACHES 13

with sodium hydroxide. After standing, the solution was acidified
with acetic acid and the pectin precipitated with & calciumn chioride
solution. The caleium pectate was filtered, washed, and weighed
according o the method previously described {9). With apples, Haller
(9) reported that the pectin in 100 ml. of expressed juice approximated
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Frovrs 7.- Compositivn of Elberta peaches when ripened at various tempera-
tnres, 1931 Straight lines represent comiposition when stored.  Fruit held at
varions temperstures as follows: 30° and 70° 1Y for 3 days, 60° for 4 days, 50°
for 10 days, 40° and 367 for 22 days (broken lines; and 2 davs al 70°, 32° for
23 days ihroken liues) aned 2 days al 70° (solid lues; and 30° for 23 days (hroken
linesi and 3 davs at 70° (solid liesi,

that exteacted from 100 g of fresh tissue, and it scomed likely that
this relation might also obtain with peaches.  The amounts obtained
{table 53, however, are of a considerably lower order of magnitude
than those extracted from the tissue by Appleman and Conrad (2)
and hy Nightingale, Addoms, and Blake (27). The results indicate
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relatively low concentrations of pectin in green or shlppmg-npe
peaches in which the average pressure test ranged from 7.1 to 15
pounds. When ripened at either 70° or 50° the soluble pectin had
greatly increased and averaged over three times as much as at harvest,
This refationship is in agreement with that found by Appleman and
Conrad (7).

TaBLE 5.— Firmness and peciin conlen! of peaches al harvesi when ripened at 70°

and 80° F. 1832
[Pectin uxpressed us |m||15;mms of caleiumn pectate per 100 ml oIJuiee]
| Peclin whan rlpened
. : at temporature nogd
Pr"*’lﬁg’_éﬁs' 8L . pectin at harvest for number of days
. shown in parenthe-
Variety 305
tireen EShim;ing : Green Shippiug we R I 30° P
ripe ripe T )
: RN ASifti- AfHti-
) Poutids ' Poinds grams | prame | Mittigrama | gramia
Carman.. ..... . 7.1 . 524 (5) 27L.8
New Iersey B5-22. . L em 8.4 424 {5} 1G6. 3 (16] 89,2
New Jersey 127-‘22_.. . H e 0.8 M. 8 (5) 22| L.
Hiley . _ ... . ...... .. i 11,4 1L 5.3 (6) 207.8 | .....-
Slappey. H 1.4 1. .0 Ay a2l . .
Chﬂmplcn_ . I 14,3 1.6 34.0 5l.0 (3} 1.0 ...
Early Crowford. L. 9.9 - [ S I S,
Belle. ... ___._..._ ... . ... [P 13.8 .. ... 102, 5 {7T) 2729
Elberia. .. A M7 e e - B0
Do L .. 18.3 - F71.2 ] (12 13L0
J.H. Hale__.. . : 15.2 352 {t) 1551
Auphert (Roherlm 12,1 F219. 8 108. 9 1 {3} 1242 4
Late Crawiord . 13. 8 L 8.3 {68y 34101,
Average .. .- 05. 6 218,92 ¢

U Flrret ripne fenit.
CATALASE ACTIVITY

The catalase activity of Elberte and J. H. Hale peaches was deter-
mined in 1933 during storage at 32° and 40° F. and when ripened at
70°. The results are shown In figure 13. The catalnse activity is
expressed as the total mililiters of oxygen evolved in 20 minutes.
The eurves for the two varieties are similar. The catalase netivity
at harvest was 7.1 and 5.8 ml. of oxygen for Elberta and J. H. Hale,
respectively. It increased slightly with immediate ripening at 70°,
At 32° and 40° there was little or no change during the first week,
but theve was o marked inerease during the second week, partlcularly
at 40°. After 2 to 5 weeks in storage the activity was considerably
higher at 40° than at 32°,  After the second week the sctivity at 32°
gradually decreased, and hy the fifth week it was as low as or slightly
lower than at harvest, whereas at 4¢° it was still considerably above the
activity at harvest. There was no apparent relation between catolase
activity and developmeut of internal break-down. Break-down was
not associnted with low catalase activity, as the activity was low at
harvest, at which time the fruit ripened normally at 70°. Neither
was it edsociated with high activity, as the maximum was attained
generally after 2 weeks at 40° and 32°, yet the fruit ripened without
break-down at this time.
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BELATION OF TEMPERATUKE TO STORAGE QUALITY

The condition of the fruit after storage is shown in tables 6 te 9.
The amount of decay that develops on peaches after barvest may
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Frovre 18- Catalase wetivity of 14) llberta and off; J. 1. Hale penches in
storage ab 32° and 40° F. and ripened at 76°, 1933.

[n]

vary greatly, depending on weather conditions during the growing
and harvest season. In 1931 and 1933 {tables 7 and 9) considerable
decay (prinarily brown rot) developed on the fruit, wherens in 1930
and 1932 (tables 6 and 8) relntively little decay was present. On the
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other hand, the frult was considerably more susceptible to internal
break-down in 1932 than in 1931 (tables 7 and 8).

Tam.e 6.— Effect of slorage time and lemyperafure on ripening and quality of peaches,

1880
i Srorngy :
Variete e e 'i};;[ys Sound  Twoay | Foftar b cnting CUondition and dessert
’ i Temler g, e ]  bentised E aundity
' slure X ! i i i
[ SO : |
- —_— . i | RSN —_
[ . Prreent 1 Fereent | Pereind I
q ¥0 1 8§ - . 1 None.. . Pull ripe; vers gond.
) . T 5 £R 1 L] ela Full oipe; good to very
Carman. ... .3 ae 08 ! | i ropd.
: q M & 1 &8 4] e T
i _ 2 &} 91 1 LS de ] Follripe; pogi).
H T | 6 -] F-3 i da . il rliru-; ontt o vury
. pronel
B H [ T ] G i 14 7 do Fullripe; pood toslightly
elle. __..... .} i i saUr.
! :snin;sl[ H & 52 13 Al de . Tio.
. l ni g a 18 3 SEEIU ] Pl s airdy gond fo
: V oo,
: ?(F g ] ] i 1] l MNape | Ripe dt(: sliip.hl.liy Lreen;
. e - pond Lo slishtiy bitier,
Ebert : 7 | i kn 1] 3? e L F|I:]_l it'ipl‘ﬂlliﬂdlﬂ slightiy
Crla. ... ! | wiLter.
Ml 14 4 L 96 & 4 de Lo Fullripe. pond.
EI I O i ¢ 3| o ! 1.
[ Gk 1 L Verssheht o fiaml,
0 LR FE 2 " Nonre b Fullripe; vory pond.
i : v 6 " [N [ e . T, ’
1. dinde I L i) 2 T R ; 1k,
| ) 2 x uy T W sl i Feell ripes gond.
I K HIHN i n 118 ety overngue gund.

1N hromh=tliawn s e 12 ARy ol

TarLe 7. Effert of storege time and irmperature an ripewing and qualitsy of peaches,
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T '
i
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a3 2 a ny . 4 1 Good 10 vory wand,
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Ak & T4 1l FL PR f o Oaod e very moark; ofinheiy
N | hilter.
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TanLe 7. - Bffect of storage time and femperniure on ripening and quality of peaches,
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TanLe B.— Effect of storage time and “~mperaiure on ripening and qualily of peaches,
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TanLe S.— Bffect of slorage lime and temperoture on ripening and qualily of peaches,
1933
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TaBLE 9.— Effect of storuge tfme and femperature on ripening and qualily of peaches,

1833 Continued
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Tasre 9.-—Effect of slorage lime and temperalure on ripening and qualily of peaches,
1833—Continued
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The growth rate of brown rot (Selerotiniu fructicole (Wint.) Relm)
at different temperatures has been studied by Brooks and Cooley
3, 4). They found that the growth rate incressed greatly with iii-
crensed temperatures, with the maximum rate on peaches at about
25° C. (77° F.).  The rate dropped off rapidly up te 30° C. (86° 1),
and growth of the fungus was practically inhibited at 35° C. (95° F.),
The highest temperature (80° F.} used in the storage investigations
reported herein should therefore be most favorable for the growth of
hrewn rot.

At most temperatures the inspections were not made after a definite
time interval hut only after the fruit had ripencd. At 70° and 80° F.,
however, the fruit ripened in ubout the same length of time, yet the
percentage of the [ruit showing decay avernged somewhat higher at
70° than at 80°. Although considerable difference between the two
temperatures was found In some instences, the differences are not
consistent, and it seems probable that they were due to sampling varia-
hility or other experimental error,

The percentage of the fruit showing deeay in a given length of time
was reduced, no doubt, by & further lowering of the temperature.
The ripening of the fruit was also retarded, so that by the time the fruit
was ripe ut 60° and 50° F. there was generally as much decay as at the
higher temperatures. FHere aguin there was considerable variability
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in the different lots with no consistent trend to indicate that the differ-
ences were tignificant. Soma of the variability was probably dune to
differences in the maturity of the fruit at the different temperatures
when the fruit was inspected.

At 40° to 30° F. the fruit did not ripen, and it was transferred to a
higher temperature (70°) for ripening. Although listle or no decay
developed at the low temperatures, by the time the fruit had ripened
at 70° there was generally as much decay as with immediate ripening
at 70°. There was no consistent difference in the amount of decay
that developed at 70° after storage at the different low temperatures.

Internal break-down of peaches has been described previously (14)
and may consist of excessive mealiness without cliscoloration or of &
water-soaked appesarance near the pit followed by browning of the
lesh and mealiness. At 80°, 70°, and 60° F. the penches ripened
normally, and although some became soft from overripeness, no typieal
break-down developed. At 50° the flesh was not discolored, but in
some instances it became mealy and dry and did not ripen to a soft,
juicy condition. This, together with the off-flavor that frequently
developed at this temperature, indicated abnormal ripening.

At 40° and 36° F. the fruit generally softened slowly but did not
beecome eating ripe before internal break-down developed. It was
necessary, therefore, to ripen the fruit at higher temperatures, and 70°
was used for this purpose. After 3 to 4 weeks at 36° and 40° internal
break-down was generally apparent; after shorter intervals of 2 to 3
weeks at these temperatures the fruit was frequently sound when trans-
ferred to the higher temperature but developed internal break-down
wlien exposed to the ripening temperature of 70°.

At 32° . the fruit did not develop break-down until considerably
later than at 36° and 40°, and it ripened to a soft, juicy condition at
70° for 1 to 3 weeks after it Tailed to ripen satisfactorily from 36° and
40°.

At 306° F. freezing mjury aocewrred in some lots. When freezing
injwry did not oceur, the results were similar to those on peaches stored
at 32°,

These results agree with those reported by Davies et al. (7) for
peaches under South African conditions. They found that Peregrine
and Elberta and other varieties of peaches developed brealk-down
earlier when stored at 37° and 34° K. than when stored at 21°, and
that the dessert quality was maintained longer at the lower tempera-
ture. They observed that peaches held at 45° did not develop
break-down, but that when they were ripened at this temperature the
flavor was not so good as when ripened at 65°.

Davies et al. (6) and Van der Plank and Davies (22) found a similar
relntion between temperature and break-down of plums. They re-
ported a maximum low temperature injury at intermediate tempern~
tures of 37° and 40° I,

RELATION OF TEMIERATURE TO DESSERT QUALITY

The dessert quality of the peaches was judged by tasting the fruit
when it became ripe imder the various storage conditions. Direct
comparisons of the relative quality of the fruit upon ripening could not
he made in this way, as the fruit became ripe at different times under
the various conditions. In order to be able to compare the flavor
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directly, samples of the fruit were frozen in a 50-percent sugar sirup
in 1933. After the storage season was over these snmples were opened
and direct comparisons were made of their dessert quality. In gen-
eral the ratings given to the different lots by this method agreed very
well with those given by tasting the fresh fruit.

A% B0°, 76°, and 60° F. the peaches ripened with characteristic peach
flavor and with good to very good dessert quality. When they were
ripened at 50°, however, there was a marked decrense in dessert
guality, Davies et al. (6) observed a similar loss of fiavor in plums at
50° and in penches (7) at 45°. At 50° the fruit either lacked charac-
teristic peach flavor or had developed an ofl-flavor. Likewise at 40°
and 36° there was a rapid loss in dessert quality. After only 1 week
at these temperatures $he quality was generally distinetly less de-
sirable than upon iinmediate ripening, and after 2 weeks it was poor
and either lacking in favor or with an ofl-flaver. At these tempers-
tures the dessert guality was usually undesirable, even before internal
break-down was apparent, and though the fruit often appeared sound
and normal, it was practically inedible.

At 32° and 30° F. the loss in dessert quality was less rapid than at
36° and 40°, so that the fruit could be held at the lower temperatures
for 1 to 2 wecks longer and ripened at room temperatures with reason-
ably good quality.

These results are not In accord with those of Moris (79), who
reported that vnder Washington State conditions storage tempera-
tures of 40%° and 50° F. retarded softening but permitted normal
ripening of mature fruit, so that good-guality material was drawn

{rom the storage rooms, whereas 32° storage seemed to prevent the
normal ripening changes, so that fruit of all stages of maturity at
harvest, which softened i such storage, was uniformly of very low
guality, Morris apparently did not remove the peaches to room
iemperatures after storage, as would ordinarily occor in commercial
practice, and this may account in pars for the lack of accord between
the results.

STORAGE LIFE OF PEACHIES

These results indicate that for maximum storage life peaches should
be held at 31° to 32° F.  The length of storage Iife varied in different
vears. Since it is not possible to predict whether the season has been
favorable for long storage, it is generally safe o store the fruit only for
the shorter periods indicated.

Carman peaches were held for 3 weeks at 30° o 31° F. in 1930 and
at 32° in 1931 and ripened at 70° with good quality and a high per-
centage of sound fruit. In 1832 the Carman peaches were satis-
factory lor only 2 weeks’ storage at 32°; after 8 weels there was con-
siderable break-down and loss of dessert quality. Jn 1932 there was
constderable loss in dessert quality after 3 weeks at 32° and much
decay developed. Therefore Carman miglht be held for 2 weeks at
32° generally and for 3 weeks when growing conditions have been
favorable to good keeping quality.

Belle kept satistactorily m storage at 30° to 31° ¥, for 3 weeks in
1980. In 1931 it developed inferior dessert quality after 8 weeks at
32° but was satislactory after 2 weeks. In 1932 the dessert quality
deferiorated considerably after 2 weeks nt 32° and slight brealedown,
developed in some of the fruit, whereas in 1938 good dessert and
storage quality were maintained for 3 weeks at this temperature.
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These results indicate that Belle can be stored satisfactorily for 2
weeks, although under favorable growing conditions it might be held
successfully for 3 weeks.

Elberta kept at 30° to 31° F. in 1930 for 4 weeks and ripened with
good quality but was unsatisfactory after 5 weeks. In 1931, however,
there was considerable deterioration in dessert quality even after 3
weeks at 32°, although there was practically no unsound fruit at this
time, ~Similar results were obtained in 1932 and 1933. Although
considerable decay developed in 1933, it was generally not so severe
with tipening after storage as with mmmediate ripening. Although
Elberta peaches may be held for 3 to 4 weeks with a high percentage
of sound fruit, the flavor may deteriorate considerably in 8 weeks,
and 1t is not recommended that the [ruit eenerally be held more than
2 to 3 weeks.

With the J. H. Hale vuriety in 1930 the dessert quality was still
good and the percentage of sound fruit high after 4 weeks at 30° to
31°. Tn 1931 considerable decay developed. being much higher after
2 and 3 weeks’ storage than with immediate ripening, and there was
also considerable deprecistion in dessert quality alter 3 weeks’ storage
at 32°. In 1932 and 1933 the fruit held up well at 32° for 3 weeks.
The results indicate that the maximum storage life of this variety is
generally 3 weeks, with 4 weeks possible under {avorable conditions.

Results for 1933 (table 9) indicate the reasonable storage life of
other varieties to be about 3 weeks for Hilev, Slappev, Champion,
Early (rawford, and Aucbert (Roberta), and 3 0 4 weeks for Late
Crawford and two New Jersey crosses. N. J. 86-22 and N. J. 127-22.

DISCUSSION

These results indicate the importance of prompt cooling of peaches
after harvest if any considerable time is to elapse belore consumption
of the fruit.  If the respiratory rate is used as a measure of the rate of
ripening, the results indicate that 1 day at 70° ¥ is about equivalent
to 2 days &t 60° 4 at 50°, 8 at 40°, or 16 at 32°. The rate of softening
was also much more rapid at 70° and 80° than at the lower tempera-
tures. Most lots had softened to 2 pounds pressure or less in 2 to 4
days at 70° and 80° in 4 to 7 at 60°, and in 8 to 11 at 50°. At 40°
many of the lots did not soften to 2 pounds after 3 weeks. and at 32°
practically no softening occurred and in some instances there was an
merease in firmness.

Neither the respiratory sctivity nor the rate of softening, however,
indicates the length of storage life under all temperature econditions.
The storage life at the low temperatures was not so long as that indi-
cated by either the respiratory rates or the firmness of the fruit,
because of internal break-down and loss of Havor. Af the higher
temperatures the rate of softening probably indicates the rate of
ripening more nearly than does the respiratory activity. At 70° and
80° the peaches softened at neerly the same rate and became fully
ripe at about the same time, whereas the respiratory rate averaged
about 40 perecent greater at 80° than at 70°.

Although these results indicate the importance of prompt cooling
of the fruit, they also indicate that the cooling should continue if
possible to 32° F. and not stop between 50° and 36° for any extended
holding, since abnormal ripening takes place at these latter tempera-
tures. This abnormal ripening 1s shown by the development of unde-




30 TECHXNICAL BULLETIN 680, U. 5. DEPT, OF AGRICULIURE

sirable flavor at 50 and by the rapid loss of flavor, and the development
of internal break-down and mealiness at 40° and 36°. These changes
are associated with a rapid loss of total and active acidity.

These results indicate that it is possible to hold some varieties of
peaches long enough for export shipment to overseas markets, pro-
vided the fruit is cooled promptly and held during transit at tem-
peratures of 31° te 32° F. Such shipments are made from South
Africa {7) with a period in transit of approximately 24 days.

The percentage of dry weight of the fruit was found to increase
during storage m some instances and to decrease in others. With
the high respiratory activity observed at the high temperatures there
would result an appreciable loss of dry matter, which would tend to
lower the percentage of dry weight. At 70° F. the average respira-
tory rate of the various lots in 1931 and 1932 was 73.5 mg. of carbon
dioxtde per kilogram-hour. Assuming that the carbon dioxide evolved
came from the complete oxidation of a hexose sugar, there would be
a loss of 0.12 gm. of sugar per 100 gm. of fresh weieht per day. This
would be equivalent to a loss of 0.88 percent of the total average dry
weight per day, or about 4.4 percent loss in 5 days. In the oxidation
of 0.6 gm. of sugar during a 5-day period at 70° there would be [ormed
(.24 gm. of carbon dioxide and 0.36 gm. of water This water would
become part of the tissue water. If no water were lost by transpira-
tion during this time the average dry matter per 100 gm. of fresh
welght would be reduced from 137 to 13.1 gm., the average water
content increused from 86.3 to 86.66 gm., and the percentage of drv
weight reduced from 13.7 to 13.13. If the water were lost as fast us
it was being formed by respiration, then the percenrage of dry mat-
ter would be reduced to 13.18 percent. In order for the pereentage
of dry weight to remain constant during 5 days’ ripening at 70° there
would need to be a total loss in weight of 4.38 g, per 100 em. of
original fresh weight.  Of this, 0.24 gm. would represent the loss of car-
bon, 0.36 gm. the loss of water equivalent to that formed by respira-
tion, and 3.78 gm. the loss of some of the original water present. The
analyses show that the average percentage of dry weight decrensed
from 13.7 to 13.8 percent, which would represent a total loss in weight
of about 3.7 percent in 5 davs at 70°,

The heat of respiration may be an important factor in the vefriger-
ation of the fruit. The peaches in a carload (epproximately 390 bush-
els of 48 pounds each) weigh more than 9 tons. Assuming that the
earbon dioxide evolved represents the complete oxtdation of a hexose
sugar, there would be enough heat of respiration produced by a ear-
lond of peaches to melt from 1,150 te 2,000 pounds of ice per day at
80° F.,, 870 to 1,370 pounds at 70°, 225 to 390 pounds at 50°, and only
55 to 90 pounds at 32°. Thus, if peaches were loaded into a car at
80° and no cooling occurred, they would evolve an average of 20,736
B. t. u. per day, which would be sufficient {0 increase the tempera-
ture of the load by slightly more than 1°, or would require the melt-
ing of 1,440 pounds of ice to maintain the temperature at 80°.

SUMMARY AND CONCLUSIONS

The firmness of a number of varieties when picked in a shipping-
ripe condition generally averaged between 9.0 and 14.0 pounds, as
determined by pressure tests on the pared cheeks. The dry weight
of the fruit when picked ranged from 11.0 to 13.4 percent in 1933 but
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was considerably higher in 1932, The range of total acidity was .51
to .96 percent, and the pH value ranged from 3.43 to 3.90.

There was practically no softening of the fruit at 32° F. The rate
of softening increased with increased temperntures and was very rapid
at 70° and 80°,

The respiratory rates at 32° F. ranged from 3.8 to 6.2 mg, of car-
hon dioxide per kilogram-hour and ineressed rapidly with temperature
to 81 to 141 mg. of carbon dioxide at 80°. The influence of termpers-
ture on the rate of respiration of peaches was greater than with many
other fruits.

Storage temperature did not affect the percentage of dry wdight
and of sugars except as 1i influenced the relative rates of water loss by
transpiration and earbon loss by respiration.

The percentage of total and active acidity was not influenced hy
ripening at temperatures of 60° to 80° and 32° F. They were some-
what reduced at 50° and markedly reduced at intermediate tempera-
tures of 36° and 40°.

The relatively rapid loss of acidity was associated with shnorma
ripening at 50° .. as indicated by poor dessert quality and hy the
development of internal break-down or fow-temperature injury at
40° and 36°.

The amount of seluble pectin in the juice increased greatly with the
ripening and softening of the fruit.

There was no apparent relation hetween catalase activity and the
development of internnl break-down.

The recults did not indicate any difference in the pereentage of
decay developing in the fruit from different teniporatures after b was
allowed to hecome ripe.

Internal break-down or low-temperature mjury developed carlier
at 36° and 40° F. than at lower or higher temperatures. There wore
somne indications of hreak-down at 50° hut none at 60° to 80°.

There was generally a marked loss in the flavor of pesches ripened
at 50° F. as compared with those ripened at higher temperatures.
There was a more rapid loss of Aavor at 40° and 38° than at 32°,

The results indicate that peaches eunnot be held in storage for
more than 2 to 4 weeks, depending on the variety and growing eondi-
tions, without serious loss of dessert quality or the development of
break-down.

On the basix of these results a temperature of 329 is reconunended
for the storage of peaches,
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