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PHYSIOLOGICAL CHANGES IN THE RIND OF CALIFORNIA
ORANGES DURING GROWTH AND STORAGE '
By E. M. HARVEY, physiologist^ and G. L. RYGG, junior pomologist. Division of
Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United
States Department of Agriculture
INTRODUCTION

This paper deals with the changes that normally occur in the rind
of Valencia and Washington Navel oranges (Citrus sinensis (L.)
Osbeck) both while the fruit is on the tree and after it is picked and
held in storage at various temperatures. The investigation fornied
part of a general physiological study of the rind of citrus fruits with
particular reference to the cause or causes of certain rind pitting and
spotting diseases that occur in transportation and storage.
When the work was begun it was deemed desirable to place the
greater emphasis upon the determination of the normal changes in
the rind that occur while the fruit is on the tree. However, even at
that time, a few collections were taken for storage study. Emphasis
was not shifted to the determination of changes in the rind under
various storage conditions until considerably later. Therefore, this
paper is concerned almost entirely with the rind of Valencia and
Washington Navel oranges in the field, and the observations on the
effects of cold storage are to be considered preliminary.
Although the results of this investigation allow the comparison of
the Washington Navel and Valencia orange rinds in certain aspects, it
should be kept in mind that under the circumstances much more than
varietal characteristics must be considered. One of the most important factors involved is the difference in the season of the year in which
the two varieties are harvested. This phase of the investigation is
considered in the section of this paper dealing with a comparison of
the Washington Navel and the Valencia orange rinds.
REVIEW OF LITERATURE

In previous papers on oranges a preponderant amount of attention
has been given to the pulp and juice. The reason for this is readily
understood, but when one comes to deal with an important disease
that has its seat entirely within the rind, the physiology of this tissue
assumes a new interest. It is true that much is known regarding the
essential oils of the rind, but relatively little is known of its other
constituents, particularly in relation to their seasonal variations in the
field or in storage.
Bigelow and Gore (1) ^ observed changes in the proportion of rind
to pulp of oranges during ripening, and later Copeman (3) made
1 Received for publication Aug. 30,1935: issued June 1936.
2 Reference is made by number (italic) to Literature Cited, p. 746.
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similar observations through a period of 104 days. Both of these
papers record a small but constant decrease in the proportion of rind
to pulp as the season advances. Willimott and Wokes (8, 9) reported
an extensive study of seasonal distribution of vitamins, oxidases,
sugars, and acid in the pulp and rind of citrus fruit. Kecently
Gaddum (4) has followed the seasonal variation of the pectins in
Valencia oranges. He found that the pectic compounds remained
practically constant in the albedo and pulp until after the full-ripe
stage, when they began to decline; and that the water-soluble pectins
increased to a maximum just previous to the beginning of the decline
of the pectic compounds, after which they also began to decline—a
situation which is of interest in connection with the late-season increase
of susceptibility to storage spot often observed. Many other papers
are concerned either wholly or in part with the orange rind, but most
of the experiments reported were not designed to show seasonal
behavior. As a guide to these works, the extensive bibliography of
the genus Citrus compiled by Matlack ^ is recommended.
MATERIALS AND METHODS

The study reported herein was carried on through the orange seasons
of 1932 and 1933 in two locaUties, Pomona and Corona, Cahf.*
Collections could not be made from the two locahties on the same
day because of the time required in the laboratory to give each the
necessary immediate care. Usually the Corona collection was made
1 day after the Pomona collection, but in December and January there
was a difference of 4 days; and in both instances a rise of temperature
occurred immediately following the collection at Pomona. As a
result the means for the 5-day periods preceding the corresponding
collections at Corona were several degrees higher than they would have
been had the pickings been made the next day after the ones at Pomona.
Collections were always made in the early morning. Each field
collection consisted of 50 fruits, or 10 from each of 5 selected trees,
taken with as uniform spacing as possible. WTien the fruit arrived in
the laboratory the rinds were removed at once and each rind was
divided into six portions as follows: (1) Stem-end flavedo;^ (2) stemend albedo, (3) equatorial flavedo, (4) equatorial albedo, (5) blossomend flavedo, and (6) blossom-end albedo. A separation of this sort
was considered desirable on account of the frequent localization,
especially in the Valencia orange, of pitting and spotting in more
or less specific portions of the rind. This arrangement aUowed the
making of four major comparisons, namely: (1) Seasonal, as regards
the rind as a whole, and both general and seasonal of (2) stem and
blossom ends, (3) flavedo and albedo, and (4) fruit from the two
localities. The two equatorial portions were analyzed exactly as were
the stem-end and blossom-end portions, but the data are not considered necessary for this report and are not presented, unless specifically
mentioned. The quantities recorded for the equatorial portions are
almost always intermediate in value between the corresponding ones
in the stem and blossom ends.
8 MATLACK, M. B. BIBLIOGRAPHY ON THE CHEMISTRY OF THE GENUS CITRUS. U. S. Dept. Agr., Bur.
Chem. and Soils. 159 pp. 1932. [Mimeographed.]
* These two localities are about 30 miles apart and in the same general district. The grove used in Corona
was at the southeastern side, and the one in Pomona was near the northern side of the district. The climate
was approximately the same for each grove, although at Corona the temperatures were somewhat higher
and there was more sunshine and less humidity.
' The terms "flavedo" and "albedo" designate outer rind and inner rind, respectively.
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Water was determined in fresh lots which were separated from the
general macrochemical sample just previous to the preservation of
the latter in alcohol. Two methods were employed: (1) The usual drying of the tissue to constant weight and (2) the toluene method. The
latter method, in spite of its known faults, was found to be the more
satisfactory for the flavedo because of the error introduced by oven
drying, due to the high volatile-oil content of this outer rind tissue.
The general macrochemical samples consisted of 50 g fresh weight,
and these, as just indicated, were preserved by covering them with
95-percent alcohol and heating to 70° C. for 1 hour.
Nitrogen and carbohydrates were determined by the methods
described by Harvey {6, pp. 5, 9).
The sugars were calculated as follows: (1) ''Reducing sugar", as
glucose, from the copper equivalent to the permanganate titration
before inversion; (2) ''invert sugar'', as invert sugar, from the copper
equivalent to the permanganate titration after inversion minus the
permanganate titration before inversion; and (3) "total sugar", as
the sum of "reducing sugar" plus "invert sugar."
Hesperidin was determined in the rind of the Washington Navel
variety only. The method of analysis was as follows: Into a 300-ml
Florence flask were transferred 25 nü of the extract, or soluble fraction,
51 ml of watery and 4 ml of concentrated hydrochloric acid. This mixture was allowed to simmer for 40 minutes under a reflux condenser.
The contents of the flask were then cooled, neutralized, and filtered.
In the earljr analyses hesperidin was determined by two methods:
(1) By collecting the insoluble derivative, hesperitin, on a Gooch filter,
then drying and weighing; and (2) by determining the increased reducing power after hydrolysis. Both methods were tested with pure
hesperidin solutions as well as with tissue extracts. The gravimetric
method, although satisfactory otherwise, required such large samples
(200 ml of extract) to obtain sufficient accuracy that it was finally
abandoned in favor of the other method, that is, the determination of
the sugars derived from hesperidin. The weight of the sugars found
was multiplied by the factor 2.17. This is larger than the theoretical
factor, but it was found that the destruction of sugar during hydrolysis made this modification necessary.
Hydrogen-ion determinations were made on the rind of Washington
Navel oranges by means of a Leeds and Northrup "student" potentiometer with a quinhydrone electrode. Juice from the different
rind portions was obtained by means of a specially constructed press
after the tissue had been frozen for 24 hours at temperatures of
— 15° to -20° F. Flavedo tissue readily yielded abimdant juice,
but it was often difficult to express sufficient quantities of juice from
the amount of albedo tissue available.
In making the hydrogen-ion determination it was found that the
potential of the rind juice showed a strong tendency to drift during
readings. This difficulty was largely overcome by using a large excess
of quinhydrone and by diluting the juice to five times its original
volume. At this dilution the pH was approximately the same as that
of the undiluted juice, whereas a lesser dilution had a tendency to
give a smaller pH and a greater dilution a larger pH than the origmal.
In each locality five adjacent trees of Valencia oranges were selected
to furnish the experimental material. The trees at Pomona were 28
years old and were growing in Hanford gravelly sandy loam. .One-
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half of each tree was irrigated every 2 weeks. At Corona the trees
were within a year of the same age and were growing in Yolo gravelly
loam. The whole of each tree was irrigated about every 30 days.
From May 18 to November 14, 10 collections of fruit were made
from each locality. The results indicated later that the first collection
probably should have been made about May 1 or April 15 instead of
May 18 when the fruit was already well colored. The interval
between collections was 2 weeks except the last three intervals, which
were approximately 30 days. In November additional lots were
collected from each locality and stored, some at 33° and some at 53*^
F. These were held for 7 weeks for observation and analysis.
The Washington Navel oranges were from similarly selected trees in
the same localities. The trees in the Pomona grove were 43 years
old and those in the Corona grove were 30 years old.
The intervals between collections varied with the season as follows:
Those between collections nos. 1 and 2, and 2 and 3 were 3 weeks;
those between nos. 3 and 4, and 4 and 5 were 4 weeks; and the interval
between nos. 5 and 6 was 6 weeks.
Additional lots of fruit were collected from each locality for storage
at 52°, 42°, and 32° F. These collections corresponded with the field
collections of January (no. 3), March (no. 5), April (no. 6), and the
extra Pomona field collection.
Six regular field collections were made during a period of 140 days
beginning November 25, 1932, and ending April 13, 1933. The first
coUection was made before the usual commercial picking time, when
the fruit was still dark green, and the last was made after the regular
picking season. From the first the Pomona fruit was somewhat
deeper in color than the Corona fruit, and as the season advanced it
became evident that the latter was maturing more rapidly than the
former. By the first week in January the fruit at both locations was
well ''colored.'' One extra field collection was made at Pomona on
May 25 to serve as a control for a storage experiment that was started
on that day. Since the last collection date at Corona coincided with
the time of full bloom, the fruit was falling readily and showed some
lack of firmness. On the corresponding collection date at Pomona
the fruit was still firm, and the trees were not in full bloom until May
25. At the last, or extra, collection at Pomona the trees were blossoming and the fruit was much like that at Corona on the previous collection date.
EXPERIMENTAL RESULTS
Most of the experimental data reported herein were obtained under
field conditions, but some were obtained under conditions of storage.
CHANGES UNDER FIELD CONDITIONS
SEASONAL CHANGES

The chemical data are summarized in table 1, which gives the
average Values of the different substances under observation. These
averages were calculated from the combined results of all portions of
the rind and from both localities for each collection date; for Valencias
each value is the average of 24 analyses and for Washington Navels it
is the average of 16 similar analyses.^
• Duplicate samples were analyzed from each of the two localities; with the Valencia rinds there were six
portions, but with the Washington Navels only four portions since the equatorial portions were not
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Water.—In such a summary of data as that given in table 1 it does
not appear at a glance that there was really a seasonal trend of water
content; but on closer examination and in consideration of the number
of analyses represented, it becomes clear that in Valencia oranges
there was a gradual rise of water nearly to the end of the season (fig. 1).
After that time there was a slight decrease of water, as recorded in
the last collection. In the data from individual portions of the rinds
(data which cannot be presented here on account of limited space)
some considerable fluctuations of water were noted. However, all
these larger variations seemed to be correlated chiefly with the availabihty of soil moisture, although there was some correlation with
temperature and other environmental factors, but not with the
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1.—Seasonal changes in mean air temperature (means for 6-day periods preceding collections),
water, soluble and insoluble solids, and hydrolyzable polysaccharides content of the rind of Valencia
and Washington Navel oranges.

FIGURE

maturity of tibe fruit. That is to say, the water-holding power of
orange rinds changed only slightly with the season. The water
content was not correlated closely with mean temperature, possibly
because all collections were made early in the morning, when the
saturation deficit set up during the previous afternoon may have been
mostly satisfied.
The magnitude of this possible diurnal variation of water content
in Valencia rinds was investigated through a period of 24 hours.
Six collections were made during a night and day following a hot day.
The largest diurnal difference between midafternoon and early
morning was about 2 percent, but this value is probably not very close
to the maximum variation produced by the occasional severe conditions encountered in orange groves during the summer.
In Washington Navel oranges the water content showed a downward
trend during the early part of the season, followed by fluctuations
due to immediate environmental factors (fig. 1).
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Soluble solids.—In Valencia oranges, as shown in figure 1, the
soluble solids in the rinds as a whole vary almost inversely with the
mean temperature/ There is a broad minimum during AugustSeptember, corresçonding to the hottest weather of the season, and
two maxima, one in June and the other in October-November, the
coolest periods. The separate portions of the rinds often showed
greater fluctuation but in the same direction. The higher temperatures and the lower water content evidently favored the condensation
of sugars in the rinds to insoluble polysaccharides, hence the lower
soluble solids. In Washington Navel oranges, on the other hand.

M/fr

SEIPT.
OCT.
/von
DATES OF COLLECTIONS

JUNE:

l^ALENO/^

ORANGES

DEC.
/332-'J3

JAM.

Fee.

MAR.

AP

kl/ASHINGTON N/^\/EL OR/tNQBS

2.—Seasonal changes in mean air temperature (means for 5 day periods preceding collections),
reducing and invert sugar, total nitrogen, hydrogen-ion concentration, and hesperidin content of the
rind of Valencia and Washington Navel oranges.

FIGURE

there was an increase in soluble solids and a decrease in insoluble
solids as the season advanced.
Hydrolyzahle polysaccharides.—In Valencias the polysaccharides
graph (fig. 1) shows a strong tendency to parallel the mean-temperature graph. When temperatures were high the polysaccharides
were high, and vice versa. Individual portions of the rind showed
this tendency more strikingly than did the rind as a whole. In
Washington navels the graph for polysaccharides practically parallels
that for insoluble solids.
Total sugar.—^In Valencia oranges total sugar showed little change
through the season, owing to the fact that the behavior of the reducing sugar was almost the reverse of that of invert sugar on all
7 The mean-temx)erature graph was constructed by averaging the mean temperature of the 5 days immediately preceding each collection date at each locality. The two graphs resulting were essentially
alike throughout, that of Corona being somewhat the higher.
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occasions: if reducing sugar was high, invert sugar was low, and
vice versa. The graph in figure 2 representing reducing sugar is
somewhat similar to that of soluble solids (fig. 1). The invert-sugar
graph (fig. 2), on the other hand, nearly parallels the mean-temperature graph.
The seasonal trend of reducing sugar is of considerable interest.
There are two maxima and one minimum. The first maximum
occurred at the second collection; it may have marked the end of
the relatively rapid development of the orange toward maturity.
As the season advanced the general level at which reducing sugar
could be maintained (without being condensed to sucrose or other
higher carbohydrates) became lower and lower, reaching a minimum
during the hottest weather. This minimum perhaps marked a
stage just previous to rapid deterioration. It was the time when
the rind was freest from green color, and it coincided with the invertsugar maximum. After this period there was an apparent reversal
of the processes and the rinds began to "go back'' in color, or become
greener, particularly at the stem end. The reducing sugar increased
and the invert sugar decreased, so that, as the temperatures dropped
in autumn nearly to those of Apru or early May, the chemical picture
within the Valencia rinds became similar in this respect to the one
early in the season.
In the Washington Navel variety total sugar increased continually
through the season, largely because of the steady increase in reducing
sugar (fig. 2). Invert sugar fluctuated apparently more under the
influence of immediate environmental factors. The graph of invert
sugar is somewhat the inverse of the mean-temperature graphs,
although there was apparently a very small increase as the season
progressed.
Nitrogen,—There were no large seasonal changes in the percentage
of total nitrogen, which was determined only in the Valencia variety.
The individual portions of the rind showed numerous apparent
fluctuations not only in the percentage of but also in the relations
between soluble and insoluble nitrogen. Whether the total quantity
of nitrogen actually changed is difficult to determine on account of
the much greater variations of other substances. There must have
been changes in the form, because, for example, the nitrogen released
upon the decomposition of chlorophyU seemed to have remained in
the rind; at least, the percentage of total nitrogen continued to
increase gradually to the time of the marked decline of the rind
in September (fig. 2). Near the end of the observation period the
percentage of total nitrogen began to diminish although the rind
became greener.
Hesperidin,—^Hesperidin was determined only in rinds of the
Washington Navel variety, in which it was found to diminish during
the winter to a little more than one-half the original percentage
(fig. 2).
Hydrogen-ion concentration.—^Hydrogen-ion concentration likewise
was determined only in the rind of the Washington Navel variety.
It changed very little during the entire period of observation although there was a very small but steady decrease during this period
(fig. 2).
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COMPARISON OF STEM AND BLOSSOM ENDS

To make a general comparison of stem and blossom ends of the
rinds, all determinations belonging to each end were brought together
and the average values calculated (table 2). Each average represents the albedo and flavedo for all collections, both at Pomona and
at Corona. Table 2 shows a striking difference between stem and
blossom ends of the rinds of both varieties, certain phases of which
were reported upon by Klotz and Haas (5, 7). The following differences are shown in table 2 and figure 3: The rind of the stem end
exceeded that of the blossom end in percentage of water, reducing
sugar, total sugar, soluble solids, and soluble nitrogen; ^ the blossomend rind exceeded the stem-end rind in invert sugar, insoluble nitrogen,^ hydrolyzable polysaccharides, insoluble solids, crude fiber,^ and
flavedo-albedo ratio. In the Washington Navel rinds hesperidin and
active acidity were likewise higher in the blossom end. Few exceptions to these differences occurred on any collection date or in either
locality.
In addition, there were some very interesting seasonal variations in
the difference between the two end rinds, particularly in the Valencia
variety. The general summary as given in table 2 cannot disclose
such seasonal trends; however, figure 3 shows how the difference
between the stem and blossom ends fluctuated through the season.
In Valencia oranges the difference in sugars tended to increase as the
season advanced until the September 10 collection, when the maximum divergence was reached. If the graphs for sugars in Valencia
oranges (fig. 3) are compared with the mean-temperature graph (fig.
1) it will be seen that the graphs are remarkably similar, indicating
that the difference between the composition of the stem and blossom
ends was a variable influenced by the temperature and that the higher
the mean temperature the greater was the divergence. The graphs
of figure 3 also show the seasonal divergence or difference between
the two end rinds as regards insoluble solids, soluble solids, and
hydrolyzable polysaccharides. In Valencia oranges these constituents do not exhibit a similar close parallelism with the mean-temperature graphs (as shown in figs. 1 and 2), but they agree in giving the
greatest seasonal divergence for these substances as occurring at the
September 10 collection. The seasonal-divergence graphs for water
and nitrogens presented in figure 3 are similar to each other but do
not parallel the mean-temperature graph. On analysis of the variations of the two rinds in respect to water it was found that in every
case such variations were caused by the more rapid loss or the
slower gain of water by the blossom end of the orange. This finding
agrees with observations on the diurnal variations of water in Valencia
rinds referred to on page 728, when it was noted that the blossom end
showed somewhat the larger diurnal deficit.
Some emphasis has been placed here upon the seasonal variation
of the difference between the two end rinds for the reason that if there
is any significance in the many recorded differences between the ends
of Valencia rinds in relation to storage and other spotting it should be
of interest to know that the difference is strongly affected by seasonal
factors.
8 Determined only in the Valencia variety.
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2.—A comparison of the chemical composition of orange stem-end and
blossom-end rinds ^
VALENCIA
Reducing sugar

Invert sugar

Total sugar

Soluble solids

Portion of rind
Average

Stem end
- _.
Blossom end

Range

Average

Range

Average

Range

Average

Range

Percent
Percent
Percent Percent Percent Percent Percent Percent
24.59 21.91-26.39
10.30 6.95-11.96
34.89 33.11-37.24
67.67 50.98-61.20
15.69 11.03-19.05
10.51 7.98-14.05
26.20 24.85-28.43
50.24 47.62-62.80
Hydrolyzable
polysaccharides

Insoluble solids

Soluble nitrogen

Insoluble nitrogen

Portion of rind
Average

Stem end
Blossom end

Range

iLverage

Range

A.verage

Range

A.verage

Range

Percent
Percent
1""ercent
Percera
Percent
Percent Percent
Percent
32.56 28.1^38.25
10.17
7.20-12.69
0.439 0.386-0.617
0.432 0.397-0.464
39.05 36.69-42.97
14.63 11.43-17.73
.401
.366- .451
.496
.476-. 630
Total nitrogen

Water

Flavedo-albedo
ratio

Crude fiber

Portion of rind
Average

Stem end
Blossom end

Range

Averag e

Percent Percent
PercerIt
0.871 0.801-0.958
76.9
.897
.853-.98C
68. S

Range

Averag e

Range

Averag e

Range

Percent Percen t
Percent Percen t Percent
74.9-79.5
22.39 20.11-27.47
1.54 1 36-1 67
24.52 23.26-26.95
67.7-69.8
1.74 1 60-1 87

WASHINGTON NAVEL
Reducing sugar

Invert sugar

Total sugar

Soluble solids

Portion of rind
Average

Stem end
Blossom end

Range

Average

Percent Percent
Percent
32.97 25.81-37.59
6.89
28.01 22.24r-32.27
6.05

Insoluble solids

Range

Average

Range

Average

Range

Percent Percent
Percent Percent Percent
4.23-6.97
38.86 3L 34-43.99
62.11 57 07-65 73
6.29-6.93
34.06 28.12-38.24
65.25 48.92-60.18

Hydrolyzable
polysaccharides

Flavedo-albedo
ratio

Water

Portion of rind
Average

Stem end
Blossom end

Range

Average

Range

Average

Percent
Percent
Percent
Percent Percent
37.89 34.27-42.93
12.18 10.88-13.96
75.8
44.75 39.82-51.08
15.02 12.97-16.75
71.7

Range

Average

Range

Percent Percent Percent
0.94 0 87-1 02
73.4-78.4
70.2-73.2
1.15 1 10-1 23

Hesperidin

Hydrogen-ion
concentration

Portion of rind

Stem end_Blossom end

_ _

___

Average

Range

Percent
2.50

Percent
0.59-3.93
2. 67-3. 7S

1

Average
pH
6.82

a Fin

range
pH
5 48-6 08
ñ 97-.'î 74

1 All values except water and hydrogen-ion concentration are calculated on the basis of dry weight.
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ALBEDO

Table 3 gives a summary of all analyses arranged in such a manner
as to allow comparison between the composition of the outer and the

JULY

lO
Sepr
DATCS

VALENCIA GRANGES
FIGURE

8
OCT.

12
NOV.

or COLLCCT/ONS

2S

/6
Dec.
I93Z-33

5
JAN.

MAR.

WASHINGTON NA\/£L ORANGES

3.—Seasonal differences between stem and blossom ends with respect to certain constituents of
tlie rind of Valencia and Washington Navel oranges.

inner layers of Valencia and Washington Navel orange rinds. The
principal differences observed may be stated briefly as follows: In
the Valencia rinds the flavedo always exceeded the albedo in weight
(as indicated by the fact that the ratio always exceeded 1) and in
nitrogen, but the albedo exceeded the
flavedo in crude fiber.
In both varieties the
flavedo also had a
higher percentage of
reducing sugar, invert sugar, total
sugar, and soluble
solids ; the albedo had
a higher percentage
of insoluble solids
and hydrolyzable
polysaccharides.
There was no marked FIGURE 4.—Comparison of seasonal changes in the flavedo and albedo
of the rind of Valencia oranges with respect to the sugar
difference in the per- layer
content.
centage of water. In
the Washington Navel variety the albedo was higher in hesperidin
and active acidity.
In Valencias the ratio of flavedo to albedo was always greater than
unity. At the beginning of the Valencia season it was 1.57, increasing
to a maximum of 1.77 at the September 10 collection. The variation
of this ratio seemed to be due largely to changes within the albedo.
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3.—A comparison of the chemical composition of orange flavedo and albedo *
VALENCIA
Reducing sugar

Invert sugar

Total sugar

Soluble solids

Portion of rind
Average

FlavedoAlbedo

Average

Range

Percera
19.74
19.01

Percent
Percent
16.63-23.36
11.62
16.16-21.76
9.12

Average

Range

Percent
Percent
8.23-14.67
31.36
6.69-11.44
28.13

Hydrolyzable polysaccharides

Insoluble solids

Range

Average

Range

Percent
29. 26-34.44
27.87-30.92

Percent
63.69
51.44

Percent
48.81-66.62
48 22-54 21

Insoluble nitrogen

Soluble nitrogen

Portion of rind
Average

Flavedo
Albedo

Average

Range

Percera
26.80
48.64

Percent
Percent
22.93-28.43
8.12
44.00-52.99
17.04

Average

Range

Flavedo-albedo
ratio

Crude fiber

Water

Range

Percent
Percent Percent
0.462-. 691
0.625 0.496-0.533
.270-. 384
.408 .358- .449

Percent
Percent
0.503
6.14-10.98
12.78-20.07
.328

Total nitrogen

Average

Range

Portion of rind
Average

Flavedo.Albedo

Percent
1.028
.736

Range

Average

Percent
Percent
0.976-1.087
72.9
. 66.5- . 832
72.6

Average

Range

Range

Percent
Percent
71.7-74.6
17.68
7L 1-7.5.0
.^T.fiO

Percent
.

Average

Range

Percen
1.64

Percent
1.67-1.77

WASHINGTON NAVEL
Reducing sugar

Soluble sclids

Total sugar

Invert sugar

Portion of rind

Flavedo
Albedo

Average

Range

Average

Percent
32.85
28.09

Percent
25.40-37.34
22.39-32.36

Percent
7.17
4.76

Insoluble solids

Range

Average

Average

Range

Percent
Percent
40.02
6.62-7.87
4.00-6.38
32.85

Percent
Percent
32.37-44.79
66.51
26.83-37.43
6L76

Hydrolyzable polysaccharides

Ranee

Percent
58.96-69. 71
47.03-66.21

Flavedo-albedo
ratio

Water

Portion of rind
Average

Flavedo
Albedo

Range

Percent
34.49
48.24

Average

Percent
Percent
30.29-41.04
10.73
16.46
43.79-62.97

Average

Rangd

Percent
Percent
8.83-13.36
73.3
15.02-17.77
74.3

Range

Average

Percent
Percent
L04
72.0-75.5
72.2-76.3

Range

Percent
0.84-1.24

Hydrogen-ion
concentration

Hesperidin
Portion of rind

Flavedo
Albedo -

-

Average

Range

Percent
2.42
3.47

Percent
2.02-3.08
1.32-5.57

1

Average
pH
6.10
5.25

Range
pH
6.69-6.38
6.07-5.40

_

Í All values except water and hydrogen-ion concentration are expressed on the basis of dry weight.
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The seasonal trends of sugars in the flavedo and albedo of Valencia
rinds are shown in figure 4. The graphs for reducing sugar and invert
sugar show the characteristic behavior of these substances. The hotweather period of August and early September diminished the reducing sugar and increased the invert sugar decidedly. The color of the
fruit remained good until after the September 10 collection, when it
began to regreen rapidly. The flavedo and albedo did not differ
much in their reducing-sugar content, but the former was considerably higher in invert sugar throughout the season.
COMPARISON OF POMONA AND CORONA FRUIT

One of the interesting facts shown by the data was the very considerable difference in the chemical composition of the rind of Valencia
oranges in the two localities, Pomona and Corona. Colby {2) published the results of a comparative study of sugars and acid in the
jiiice of Washington Navel oranges from different sections of California, but the writers have seen no comparative observations on the rind.
A summary of the writers' results is presented in table 4. Each
value given in the table is the average of 80 or more determinations.
In Valencias the rind of the Pomona fruit had a higher content of
water, reducing sugar, soluble solids, soluble nitrogen, and total
nitrogen. On the other hand, the rind of the Corona Valencias was
higher in invert sugar, insoluble solids, hydrolyzable polysaccharides,
and the flavedo-albedo ratio. Total sugar and insoluble nitrogen
show very Kttle signiflcant difference.
The rind of Pomona Washington Navel oranges was higher in water,
hesperidin, hydrolyzable polysaccharides, and insoluble solids, but
lower in reducing sugar, invert sugar, total sugar, soluble solids,
hydrogen-ion concentration, and flavedo-albedo ratio. The fruit
at Corona, as already stated, was somewhat more advanced in maturity on all collection dates, and therefore the fruit from the two
localities was not strictly comparable.
TABLE

4.—A comparison of the chemical composition of the rind of oranges grown
in two localities during the season of 1932-33^
VALENCIA

Locality

Pomona, Calif
Corona, Calif

HydroInFlaReInSolu- solulyzaIn- Total Solu- soluTotal
vedoduc- vert
ble
ble
Water
ble
ble
nitroalbeing
sugar solids ble
poly- nitro- nitro- gen
do
sugar sugar
solids sacgen
gen
ratio
charides
Pet.
21.12
17.89

Pd.
8.88
11.67

Pet.
30.60
29.56

Pet.
54.18
50.00

Pet.
34.98
40.07

Pet.
11.24
13.78

Pet.
0.479
.360

Pet.
0.451
.480

Pd.
0.930
.840

Pet.
74.9
70.6

Pd.
1.55
1.66

WASHINGTON NAVEL

Locality

Pomona, Calif...
Corona, Calif

HydroFlaInRelyzaInduc- vert Total Solusoluble Water vedoalbeble
ing
sugar solids ble
polydo
sugar sugar
solids sacratio
charides
Pel.
28.83
32.15

Pet.
5.58
6.35

Pet.
34.41
38.50

Pet.
57.20
60.06

Pd.
42.80
39.94

Pd.
14.23
12.96

Pd.
74.5
73.0

Pet.
LOO
L09

Hy.
droHesperidm

ion
concentration

Pet.
3.66
2.23

Pet.
5.80
5.53

Í All values except water and hydrogen-ion concentration are calculated on the basis of dry weight.
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Another factor that should be taken into consideration in this
comparison is the rise in temperature that occurred at Corona during
the interval between the pickings of Washington Navels at the two
locations in December and January. The data were examined to
find whether this difference in temperature for the few days preceding picking might have helped to widen the difference in composition
of the rinds of fruit from the two localities. Graphs were constructed
to show the seasonal divergence, with regard to certain substances,
between the stem end and the blossom end (fig. 3) and between Pomona and Corona Washington Navel rinds taken as a whole (fig. 5).
It was noted at once that the extent of divergence between the stem
end and the blossom end,
with regard to several
substances, remained
rather uniform throughout the season, but that
the divergence between
the Pomona and Corona
rinds was considerably
greater earlier in the
season when the meantemperature difference
between Pomona and
Dec.
J^n.
D/ITCS OF COLLECTIOfie /33Z-33
Corona was the greatFIGURE 5.—Seasonal differences between Washington Navel oranges
est. If this explanafrom Corona and Pomona with respect to certain constituents
tion has any value, it
of the rind.
indicates that the temperature changes at Corona on the dates stated may have affected
the composition of the rinds to an extent measurable by the methods
employed in this study.
FEB.

M/IR.

J^PR.

CHANGES UNDER STORAGE CONDITIONS
VALENCIA ORANGES

During the November 12 collection extra quantities of fruit were
picked and placed in cold storage in order to observe the changes
that might take place in the rinds.
The temperatures used were 33° and 53° F. A controlled high
relative humidity was maintained in the 53° room but no contl^ of
relative humidity in the 33° room. In the latter the relative humidity
was always lower than in the former; in fact, enough lower to more
than offset the lower vapor tension at 33°, with the result that the
rinds of this lot lost noticeably more water. The period of storage
was 7 weeks (Nov. 12 to Dec. 31). When the final examination was
made the fruit seemed in fair condition, except for the characteristically ''old" appearance and considerable shrinkage in the lot held at
33°. The difference in rate of water loss in the two storage rooms
renders the interpretation of the chemical data difficult. ^ It is clear
that all such experimental storage rooms ought to be maintained at
equivalent relative humidities so that the loss of water from the fruit
would be approximately the same in every room.
The stem-end rinds lost water faster than the blossom-end rinds.
Apparently there can be a significant difference in the behavior of
the two ends in this regard, depending upon whether or not the fruit
is attached to the tree. The flavedo-albedo ratio varied in storage;
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the flavedo nearly always lost water more rapidly than the albedo.
It is not known whether this was due to the greater exposure of the
flavedo or to its smaller water-holding capacity. Some tests were
made of the rate of drying when flavedo and albedo tissues were exposed in the laboratory. The flavedo lost about 26 percent of its
original weight in 4K hours, whereas the albedo lost 16 percent.
Weighings at the end of 24 hours showed that the albedo tissue had
continued to lose water at nearly a constant rate, making a total of
62 percent, but the rate of drying of the flavedo had so decreased after
the first period that the total loss was only 44 percent. It would be
interesting to test the successive changes in flavedo-albedo ratios of
oranges during storage at low humidity. Soluble solids decreased
in all portions of the rinds at both temperatures, and the decrease
was more than twice as much at 53° as at 33° F. When the stem
end and the blossom end were compared it was found that the stemend rind had lost twice as much of its soluble solids as the blossom end.
A diminution of total sugars accounts for a large part of the change
in soluble solids. Keducing sugar decreased shghtly, but invert
sugar decreased greatly. The latter almost disappeared when the
fruit was held at 53° F. There was an apparent small increase of
hydrolyzable polysaccharides in aU portions of the rind in both
storage rooms. However, it is doubtful whether this is a real increase,
for it is decidedly contrary to the results obtained for polysaccharides
during extensive companion studies of the rinds of grapefruit in
storage. The changes in soluble and insoluble nitrogen in storage
were so sUght that no correlations were noted.
The results obtained in the determination of the hydrogen-ion
concentration in the rind and in the pulp juice of the two storage lots
from Pomona are presented in table 5. From these data it is evident
that the rind of the fruit from the 33° F. room was more acid than
that from the 53° room. This is true of all corresponding portions
of the rind, the average difference being 0.26 pH. The stem-end
portions of the rind were more acid than those from the blossom end,
and the equatorial portions held an intermediate position. The
flavedo was less acid than the albedo. The pulps showed a difference
of only 0.04 pH, but in this case that held at 53° was more acid.
5.—Hydrogen-ion concentration determinations of different portions of
Valencia oranges after being held in storage for 7 weeks at two different temperatures ^

TABLE

Storage temperature (°F.)

53
33
Difference

Stem-end Blossom- Equatorind
end rind rial rind
pH
5.97
5.79
.18

pH
6.33
6.01
.32

pH
6.23
5.96
.27

Flavedo

Albedo

pH
6.60
6.32
.28

pH
5.77
5.51
.26

Average
of rind Pulp juice
portions
pH
6.18
5.92
.26

pH
3.78
3.82
.04

1 Each pH value is the average of 16 determinations. The writers are fully aware that the averaging of
pH values, here and elsewhere in this paper, is mathematically unsound, but they believe that through the
ranges shown, the averages of pH values as numerical entities are probably as sound biologically as the averages of the actual hydrogen-ion concentrations or the equivalent pH values, and are considerably more
convenient.
WASHINGTON NAVEL ORANGES

The first storage experiment of this study was started at a time
corresponding to the third field collection. The fruit came from the
same trees at Pomona and Corona that were used for the regular field
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collections. The fruit from each of the two localities was divided
into two lots and placed in storage on January 7 and 11, respectively.
The length of the storage period was 30 days. One lot from each
locality was held at 52° F. with an average relative humidity of 89
percent, and the other lot was held at 32° with an average relative
humidity of 76 percent. At the end of this period the fruit was free
from rind blemishes at both temperatures. Chemical analyses of
the rinds of these and the following lots were carried through exactly
as described for the regular field collections.
The time of collection for the second storage experiment corresponded with that of the fifth field collection, March 1 to 4. Lots
from each locahty were stored for 46 days at 52°, 42°, and 32° F.
with average relative humidities of 89 percent (range 85-93 percent),
85 percent (range 83-86 percent), and 85 percent (range 83-87 percent), respectively. At the end of this time none of the fruit showed
any rind blemishes except the lot from Corona held at 32°. In this
lot 72 percent of the fruit showed a brown stain somewhat resembling
common apple scald.
The third storage experiment was carried out with Corona fruit
only, and the time of picking corresponded with that of the sixth
field collection, April 13. The temperatures and relative humidities
used were the same as for the second storage experiment. The
length of the storage period was 33 days, after which the rinds were
found to be free from storage blemishes except in the lot held at 32° F.
All of this fruit showed various amounts of brown stain.
The fourth storage experiment was made with Pomona fruit only,
and the time of picking corresponded with that of the seventh ^ field
collection. May 25. The temperatures and relative humidities were
again the same as those used in the second storage experiment. The
length of storage was 41 days. At the end of this period there were
no storage blemishes» on the rinds except in fruit of the lot held at
32° F., all of which showed brown stain. The fruit had been picked
after the regular commercial season, and none of it was very firm
when placed in storage; at the time of removal from storage it was
somewhat soft and not fresh looking. This last statement applies
nearly as well to the Corona fruit used in the third storage experiment.
This fruit had been picked nearly 6 weeks before the Pomona fruit
of the fourth storage experiment, yet the fruit of both locations seemed
to be at about the same stage of maturity when placed in storage.
EFFECTS OF TEMPERATURE
ON RIND AS A WHOLE

External observations of the oranges used in the simple storage
experiments described above pointed to two tentative conclusions,
namely, (1) the fruit was most susceptible to brown stain at 32° F.,
and (2) it was also more susceptible during the latter part of the season.
The effects of storage temperatiu^es on the chemical composition
of Washington Navel orange rinds are shown in table 6. The values in
this table are from the data from the second, third, and fourth storage
experiments. Data obtained from the first storage experiment are
not included because there was no storage at 42° F.
» Since, as already stated, the 7th field collection was made only at Pomona, to serve as a control for the
storage experiment, the analytical data from it were not mcluded m the presentation of changes m the
field but were used for the average percentages at begmnmg of storage given m table 5.
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It is evident from table 6 that certain substances in the rind gave
definite responses to the temperatures used. Invert sugar showed
only a small decrease at 32° F. but a very large one at 52°. Reducing
sugar showed a smaller decrease, which was progressively reduced as
the temperature of storage was lowered. The striking alteration in
invert sugar had little effect on the general trend of total sugar because
invert sugar comprised scarcely more than one-tenth the amount of
reducing sugar. Total sugar, therefore, behaved much like reducing
sugar.
TABLE

6.—Effects of temperature on the composition of the rind of the Washington
Navel orange in storage i
Reducing sugar

Invert sugar

Total sugar

Soluble solids

Storage conditions
Content

Loss

Content

Loss

Content

Loss«

Content

Loss

Percent Percent Percent Percent Percent Percent Percent Percent
5.94
34.67
40.61
63.0

Before storage
After 46 days at—
52° F
42° F
32° F

33.43
34.01
34.25

3.58
1.91
1.21

Insoluble
solids

3.14
3.66
5.46

47.1
38.4
8.1

Hydrolyzable
polysaccharides

36.57
37.67
39.71

9.9
7.2
2.2

Hesperidin

60.4
60.7
62.8

4 2
3 7
3

Hydrogen-ion
concentration

Storage conditions
Content

Gain

Loss
Con- (-)or
tent gain(+)

Content

Gain

Percent Percent Percent Percent Percent Percent
11.89
2.12
37.0

Before storage After 46 days at—
52° F,.._
42° F
32° F

39.6
39.3
37.2

7.1
6.2
.54

12.57
12.41
11.79

+5.72
+2.29
-.93

3.14
3.04
2.65

48.1
43.4
25.0

PH

Difference in
pH

5.94
5.47
5.52
5.83

0.47
.42
.11

1 All percentages are calculated on the basis of dry weight.
> The percentage of loss or gain is calculated on the basis of the percentage present at the beginning of the
storage period.

The recorded increase of hesperidin in storage is very interesting.
At 52° F. hesperidin increased to one and one-half times the quantity
present at the beginning of storage, and even at 32° it increased to
one and a quarter times that originally present. That this is an
actual increase in the quantity of hesperidin seems certain, for if the
loss of sugar and other solids is taken into account, there is still a
clear margin showing increase of this substance at all temperatures
used. This synthesis of hesperidin in storage seems to be correlated
with the rate of respiration, and its accumulation with the lack of
translocation. Hesperidin was found to decrease steadily through
the season while the fruit was on the tree. This fact suggests a
number of possibilities, of which one is that while translocation of
this rather stable glucoside (or group of glucosides) can continue
while the fruit is on the tree, there may be a diminution of the rate of
respiration as the orange matures. Thus one might account for the
seasonal decrease. It can scarcely be assumed that the synthesis of
hesperidin ceases completely at any time in the field.
71648—36
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Soluble solids showed the greatest loss at 52° F. and the least at
32°. The insoluble sohds consequently had an apparently opposite
trend.
Hydrolyzable polysaccharides apparently increased in storage at
52° and 42° F., but if the loss of other substances is taken into account
it is foimd that they remained practically stationary, or possibly
decreased sUghtly at all temperatures.
When the rinds were considered as a whole it was found that the
flavedo-albedo ratio remained practically unchanged in storage.
However, if stem and blossom ends were compared separately it
was found that in the stem end the ratio made an average increase
of 0.04 at 32° F., a decrease of 0.03 at 42°, and a decrease of 0.04
at 52°. In the blossom end the changes were almost exactly reversed,
the changes in value of the ratios being a decrease of 0.04 at 32°, a
decrease of 0.03 at 42°, and an increase of 0.06 at 52°.
Under all conditions of storage there was an increase of active
acidity in all portions of the Washington Navel orange rind (table 7).
The greatest increase was at 52° F. and the least at 32°. This effect
of temperature is quite the reverse of that recorded for the Valencia
orange rind, which will be referred to again in the comparison of the
two orange varieties.
ON PORTIONS OF RIND

In all the preceding discussion of the effects of different temperatures on the rind of Washington Navel oranges in storage, the rind
has been considered as a whole, except for a brief mention of the
flavedo-albedo ratios in the rind of the stem and blossom ends.
A detailed account of the relative behavior of the stem and blossom
ends, of the flavedo and albedo, or of fruit from the two localities,
would seem undesirable in a summarized report of this kind. Nevertheless, it may be stated that the different portions of the rind did often
respond to storage conditions somewhat differently, although these
responses differed in quantity only.
TABLE

7.—Hydrogen-ion concentration of different portions of the rind of Washington Navel oranges held in storage Jß days at different temperatures

Before storage (control)
52°
42°
32°

Average^

_ _ .-

-

Average 1

Blossom
end

Flavedo

Albedo

pH
6.15

pH
5.74

pH
6.39

pH
5.49

pH
5.94

5.69
5.75
6.03

5.25
5.29
5.63

5.74
5.79
6.24

5.20
6.24
5.42

5.47
5.52
5.83

6.82

5.39

5.92

6.29

5.61

Stem
end

Storage temperature (° F.)

í See footnote 3 to table 1.

The stem end showed greater changes than the blossom end^ in all
the substances under observation except active acidity. The immediate explanation of this was found to involve the relative distribution
of the albedo tissue, which is more responsive to everything except
acidity. The albedo is more abundant in the stem end (the flavedoalbedo ratio was less than unity here), and the reverse is true of the
blossom end. Why the flavedo tissue of the Washington Navel
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orange in storage should show greater change in active acidity than
the albedo is not clear, but the condition appears to be quite different
from that found in studies on the rind of grapefruit, which will be
reported separately, where the albedo showed greater responses in
acidity. This greater activity in acidity responses of the flavedo of
the Washington Navel orange rind might possibly have some relation
to the surface brown stains noted in storage, in contrast to the deeper
seated pittings noted in the grapefruit rind where the albedo shows
the greater acidity response.
COMPARISON OF RINDS OF WASHINGTON NAVEL AND VALENCIA ORANGES

When any attempt is made to compare the rinds of the Washington
Navel and Valencia oranges in southern California, it must be kept in
mind that almost none of the chemical differences between them can
be attributed definitely to the fact that the oranges are of different
varieties. It has already been mentioned that the two varieties
are harvested at different seasons of the year. In southern CaHfornia
the Washington Navel orange season begins in the late fall and ends
in the spring, whereas the Valencia orange season begins in the spring
and extends through the summer. The average weather conditions
affecting the two varieties at harvest time differ as widely as is possible
for two intervals of such length in the district; for example, the mean
temperature for the entire period during which the Washington Navel
orange material was collected was 52.1^ F., whereas the corresponding
mean for the period of Valencia collections was 67.3°. During the
season of the Washington Navel orange there were many minima
of 32° or below, and in the Valencia season there were several maxima
of 100° or above. The opinion has been advanced that the temperature and other environmental conditions immediately preceding the
picking of the fruit are capable of producing considerable and rapid
chemical changes within the rind tissue. If this be true it seems
probable that recorded differences between Washington Navel and
Valencia orange rinds will have been influenced by the seasonal
differences in the weather affecting each variety immediately preceding and during picking. In other words, if the environmental
conditions present at the harvest time of the two varieties were
reversed, then the chemical situation in the rinds might also be
reversed, or at least considerably altered. It is to be expected that
such wide differences in temperature and other climatic factors at
the time of harvest might induce a difference in the rinds of the two
varieties that would be reflected in their behavior in storage and
transit. With the foregoing caution against accepting differences between rinds of the Washington Navel and Valencia oranges as altogether varietal, the following comparisons are presented.
IN THE FIELD

A general summarized comparison, presented in table 8, shows the
average of all chemical determinations for both varieties as they came
from the grove. Each value for the Washington Navel rind in the
table is the average of 96 determinations, and each value for the
Valencia rind is the average of 160 determinations.
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8.^—A comparison of the chemical composition of the rind of Washington
Navel and Valencia oranges before storage ^

Variety

Washington Navel 2 _.
Valencias .

ReWater ducing Invert
sugar sugar

Total
sugar

Hydro- ReFladucing- vedoSoluble lyzable
poly- invert albedo
solids sacchasugar
ratio
rides
ratio

Percent Percent Percent Percent Percent Percent Percent Percent
73.8
30.49
5.97
58.68
13.60
5.11
1.04
36.46
1.64
10.37
29.75
53.91
12.68
1.87
72.0
19.38

i AU values except those in the first and the last 2 columns are calculated on the basis of dry weight.
3 Average of 96 determinations.
3 Average of 160 determinations.

The Washington Navel rind showed a sUghtly higherw ater content
than the Valencia rind. This might easily be the effect of the higher
temperatures and greater evaporating power of the air during the
Valencia season. As to seasonal trend, the Washington Navel rind
showed a small decrease and the Valencia rind a small increase as the
season advanced.
Reducing sugar was more than one and one-half times as abimdant
in the Washington Navel rind. On the other hand, invert sugar was
nearly twice as high in the Valencia rind. Total sugar, however, in
the Washington Navel rind was nearly one-fourth more than that in
the Valencia rind. The difference in value of the reducing-invert
sugar ratio was surprising. In the Washington Navel rind this ratio
was 2.7 times as great as in the Valencia rind.
During the season total sugars remained practically constant in the
Valencia rind but increased steadily in the Washington Navel rind.
The graph (fig. 2) showing seasonal variations in reducing sugar for
the Valencia rind paralleled the temperature graph; in the Waslungton
Navel rind reducing sugar increased steadily. The seasonal invertsugar graph for Valencias was in general the inverse of the reducing
sugar graph, but in the Washington Navel rind this was not true.
Soluble solids and hydrolyzable polysaccharides were more abundant in the Washington Navel rind. Soluble solids increased steadily
throughout the season in this variety but increased or diminished almost
inversely with the temperature in the Valencia rind.
Hydrogen-ion concentration was higher in the stem-end than in the
blossom-end rind of Valencias, but in the Washington Navel rind the
hydrogen-ion concentration was lower in the stem end. The hydrogen-ion concentration of the rinds as a whole was higher in the Washington Navel orange.
The average flavedo-albedo ratios of Washington Navel and
Valencia orange rinds were 1.04 and 1.64, respectively. The smaller
ratio for the Washington Navel was due immediately to its considerably heavier albedo. The flavedo also was somewhat heavier than
that of the Valencia orange, but this difference was more than offset
by the relatively heavier albedo.
It was noted that at Pomona the Valencia rind had more reducing
sugar and soluble soHds and less hydrolyzable polysaccharides than at
Corona. In the Washington Navel rind conditions were exactly the
reverse.
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IN STORAGE

For a comparison of the relative behavior of the Washington Navel
and Valencia orange rinds in storage, the data from only two temperatures, 52° and 32° F., are available, since no Valencia oranges were
stored at 42°.
Table 9 gives some average changes in the composition of the rinds
of the two varieties in storage. In general, the Valencia rind made
greater responses to storage conditions than did the Washington
Navel orange rinds. It seems possible that the condition of the
Valencias in the field, influenced as they were by hot, dry weather,
might have brought about the greater changes that occurred in this
variety in storage. For most collections, the temperature of the
Washington Navel oranges was actually raised when taken from the
field to storage at 52° F. Changes at this temperature were greater
in both varieties, except in the hydrogen-ion concentration. In the
Valencia rind the apparent increase of reducing sugar at 52° was
probably due to the very abundant invert sugar, which for a time was
hydrolyzed at a rate exceeding that at which it was consumed by
respiration.
TABLE

9.—Comparison of the composition of Washington Navel and Valencia orange
rinds before and after storage at different temperatures ^

Variety and storage conditions

Washington Navel:
Before storageAfter 42 days at52" F
32° F
Valencia:
Before storageAfter 48 days at53° F
33° F

Reducing
sugar

Invert
sugar

Total
sugar

Hydrolyzable
polysaccharides

Soluble
solids

Percent
34.67

Percent
5.94

Percent
40.61

Percent
11.89

Percent
63.05

33.43
34.25

3.14
5.46

36.57
39.71

12.57
11.79

60.44
62.78

21.69

7.47

29.16

10.12

61.20

22.33
19.75

2.54
6.38

24.87
26.13

13.77
12.20

54.85
52.63

» All values are calculated on the basis of dry weight.

As mentioned in the presentation of the storage data for the Washington Navel orange rind, the changes in hydrogen-ion concentration
in storage were strikingly different in the two varieties. The Valencia
rind developed a greater acidity at 33° than at 53° F., the pH averages
of which were 5.92 and 6.18, respectively, but the Washington Navel
rind consistently showed the reverse effect, the average pH values
being 5.83 and 5.47 at 32° and 52°, respectively.
DISCUSSION

While it is freely admitted that the results reported cannot at
present be definitely Hnked with pitting and spotting in storage, there
are some general aspects of the findings that are worthy of notice.
Since orange rinds were found to respond sometimes very strikingly
to changes in. the environment, it is suggested that these responses
probably relate closely to the behavior of the rinds after picking.
Even a moderate understanding of this relationship might modify
picking practices considerably, especially for fruit destined for
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export or storage. At present the more vigilant packing-house
managers do not wish Valencias picked during periods of unusuallyhot weather and insist that they shall not be picked except during a
few hours in the early morning. So meteorology may come to play
as important a role in the picking schedule as it now does in spraying
and frost control.
It has been generally assumed that the susceptibility to spotting of
fruit coining from the grove depends somewhat, at least, upon the
district in which the fruit is grown, the season, stage of maturity, and
general cultural treatment received in the grove. However, some of
the responses of rinds observed in this work seem to indicate that a
given orange on different days may present a significantly different
aspect as regards its possible resistance to subsequent conditions in
storage and transportation that favor pitting and spotting; that is to
say, the susceptibility of an orange to spotting in storage is probably
not merely ^^high'' in very early and very late stages of maturity, but
it may vary from week to week, being sometimes high and sometimes
low, depending upon the environmental factors of the few days
preceding the picking of the fruit.
A study of the relation of storage and transit conditions to pitting
and spotting is still in progress.
SUMMARY AND CONCLUSIONS
Results are presented of a study of changes taking place in the rind
of oranges in the field and in storage during the season of 1932-33 at
Pomona and Corona, Cahf.
Seasonal changes in the composition of the rind as a whole were as
follows:
(1) In Valencia oranges there was a shght seasonal upward trend
in water content, but in Washington Navels the reverse was true, while
in both varieties there were fluctuations due to immediate environmental causes.
(2) In Valencias the flavedo-albedo ratio was always greater than
unity, increasing temporarily in hot weather; in Washington Navels
the ratio varied on either side of unity and likewise fluctuated with
weather conditions.
(3) In Valencias the soluble sohds varied inversely with the mean
temperature, but in Washington Navels there was a general relative
increase throughout the season.
(4) In Valencias there was practically no change in total sugar during the season but invert sugar increased as reducing sugar decreased.
In Washington Navels, on the other hand, total sugar increased
throughout the season, primarily because of the steady increase of
reducing sugar; invert sugar fluctuated with immediate environmental
factors.
(5) In Valencias the hydrolyzable polysaccharides varied with the
mean temperature, but in Washington Navels they decreased as the
season advanced.
(6) Nitrogen content was studied only in Valencia oranges. Only
a slight change was observed during the season, with some, fluctuations
in the proportion of the soluble and insoluble fractions.
(7) Hesperidin and hydrogen-ion concentration were determined
only in the rinds of Waslnngton Navel oranges. Hesperidin decreased
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steadily during the season to about one-half the amount present eariy
in the season. Hydrogen-ion concentration made a small but definite
decrease during the season.
A comparison of the stem and blossom ends showed a definite difference in composition during the season. In Valencias the stem end
was higher in water, reducing sugar, soluble nitrogen, and soluble
solids, while the blossom end had a greater amount of total sugar per
100 ml of solute than the stem end because of the higher water content of the stem end. These differences varied through the season,
being greatest during the hottest weather. In Washington Navels the
stem end was Hkewise higher in water, reducing sugar, total sugar,
and soluble sohds and the blossom end was higher in invert sugar,
hydrolyzable polysaccharides, insoluble solids, hesperidin, hydrogenion concentration, and flavedo-albedo ratio.
A comparison of the flavedo and albedo showed that in the Valencia
the flavedo always weighed more than the albedo and that while
there was some variation in the ratio in the Washington Navel it
averaged more than unity. In the Valencia the flavedo contained a
higher percentage of invert sugar, total sugar, soluble soUds, and
nitrogen. In the Washington Navel the flavedo was hkewise higher
in percentage of reducing sugar, invert sugar, and soluble sohds. The
albedo was higher in water, insoluble sohds, and hydrolyzable polysaccharides. In the Washington Navel the albedo was Ingher in hesperidin and hydrogen-ion concentration. In Valencia rinds the
flavedo-albedo ratio was highest during the hottest weather.
When oranges from Pomona were compared with those from Corona
the rinds were found to differ in several respects. In Valencias the
Pomona fruit was higher in water, reducing sugar, soluble sohds, and
total nitrogen, while in the Washington Navel it was higher in water,
hesperidin, hydrolyzable polysaccharides, and insoluble solids. The
Corona Valencias were higher in invert sugar, insoluble solids, hydrolyzable polysaccharides, and flavedo-albedo ratio, while the Corona
Washington Navels were higher in both reducing and invert sugars,
soluble sohds, hydrogen-ion concentration, and flavedo-albedo ratio.
Storage experiments were conducted to determine the response at
different temperatiu-es. With Valencias storage experiments at 33^
and 53° F. for 7 weeks gave the following results: (1) The stem-end
rind lost water more rapidly than did the blossom-end rind; (2) soluble
solids always decreased more rapidly at 53*^ than at 33°; (3) the stemend rind lost soluble sohds twice as rapidly as did the blossom-end
rind; (4) reducing sugar changed very little and invert sugar almost
disappeared at 53°; (5) rind from fruit stored at 33° had a higher
hydrogen-ion concentration than that stored at 53°; and (6) the
stem-end rind of stored fruit had a higher hydrogen-ion concentration
than did the blossom-end rind. There was practically no difference
in the active acidity of the pulp juice of the two lots.
In the storage experiments on Washington Navel oranges the temperatures employed were 52°, 42°, and 32° F. The responses to
storage conditions were as follows: (1) The stem-end rind always
showed greater resi)onses to storage conditions than the blossom-end
rind except in aciditjr; (2) in all portions of the rind and under all
storage conditions acidity increased, the increase being greatest at
52° and least at 32°; (3) invert sugar decreased slightly at 32° but
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greatly at 42° and 52°; (4) reducing sugar changed much less than
invert sugar but in the same direction; (5) hesperidin showed very
definite increases in storage, the increase being relatively greatest at
52°; (6) soluble solids decreased most at 52°; (7) hydrolyzable polysaccharides changed very shghtly at any temperature; (8) the flavedoalbedo ratio remained unchanged in the rind as a whole, but there was
a small increase of the ratio in the stem end that was exactly offset by
a decrease in the blossom end.
In considering the results on Washington Navel and Valencia oranges
it must be remembered that in southern California the Washington
Navel oranges are harvested in winter and the Valencias in summer,
which makes it diflBcult, in a comparison of the two varieties as grown
there, to distinguish between the differences which are varietal and
those which are caused by environment.
The results of storage experiments with Washington Navel oranges
indicate that late-picked fruit is most susceptible to brown stain and
that susceptibiüty is increased by storage at 32° as compared with 42°
and 52° F. With respect to pitting and spotting the results are not
so clear-cut but seem to show that susceptibiüty to these disorders
varies with the environmental factors of the last few days preceding
the picking of the fruit.
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