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Technical Bulletin No. 780 April 1941

NATED STATES

PARTMENT 0K ACRICULTURE
| IWASHINGTON, D. €.

A Physiological Study of Carotenoid Pig-
ments and Other Constituents in the
Juice of Florida Oranges'

By Ersroxy V. MiLnen, physiclogist, 1. R. Wixsrow, senior horlicniturist, and
D. ¥, Fisusk, principal hovlicaliurist, Division of Fruit and Vegelable Crops
and Liseuses, Bureay of Plant fudusiry ?
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INTRODUCTION

During the course of eartier work by the present writers on the pig-
ments in citrus vinds (1936437}, preluninary analyses indicated that
much of the vellow color in the orange flesh is due to ethor-soluble or
ciTgtenowl pigments.  Studies on seasonal changes in oranges have
béeh conducted at the Orlando, Fla,, United States Department of
Agricullure Horticultural Fickl Laboratory for the past 5 vears, and
iLaswhelleved that n presentation of the results with respeet Lo carote-
noid pigments in he juice of the fruits under Investigation will
materially assist in 4 proper appraisal of quality and food value of
Floaida oranges.,

Carotenoid pigments are of especial interest because n number of
them are converled into vitamin A in the animal body. A deficiency
of this vitamin dowers resistence to respiratory discases and may
cause nutritional “night blindress,” a disease i which the vietim
may sce istinetly during the day or in bright light but sees poorly
ab night or in faint light,

' Bubritfed For publication funbiwry 3, 10H4).

1 Uhe writers wigh to scknowiedge tie nssistanee of A, Peyton Musselwhite nnd Freocis L. {agley in the
vollogtion of date for this hulldio,
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In the prelimingry work it was noéed also that different varieties of
oranges contained different quantities of these carotenoid pigments and
that some varieties, like Temple, [ling, Dancy tungerine, and Owart
satsuma, contained cxcepéionslly large quantities. It is believed
that these highly pigmented varieties of oranges should be ealled to
the attention of dietiflans secking additional sources of vitamin A.

LITERATURE REVIEW

The literature on exrotenoid pigments in orange fruits is not very
extensive.  Vermast (6)* in 1031 veported that the flesh of Citrus
aurantium L. contained 0.36 me. of earotene and 1.08 mg. of xantho-
plyll per 100 gm. of {resh material.  In 1936 Zechmeister and Tuzson
(8} reporsed that 660 gni. of the (lesh of the orange (Citrue aurantium)
contained 1.6 mg. of eryptoxanthin and 2.8 mg. of other oxygen-
covtaining polvenes (catculated as lutein).  Ahmad, Mullick and
Mazumdar (1937) (1) stated that ovange juice contains 0.3 to 0.4 mg.
of earotene per 100 gra  In 1938 Taylor and Witte (5) analyzed 164
lots of ornnges prrchused on the open market in New York City.
These investigntors reported the lollowing carotenc coritent expressed
as milligrams per liter ol juice: Flovida assorted, 0.32; Florida Pine-
apple, 0.34; Florida Valenein, 0.57; California Navel. 1.07, and Cali-
fornia Valencia, 1.05.

Other studics of pigments in eitrus fruits that have been reported
have been limited to the puvifieation and identification of these
compounds.

AMATERIALS AND METHODS
DEscriPTION 0F SAMPLES

Phe fruits studied in these experiments included most of the more
common commuoereial vavieties of sweet oranzes (Qitrus sinensis
Osheck) and several of the less commwon ones.  In addition, there were
several representatives of the mandaiin types (Citrus nobilis Lour.).

The ecarly varicties studied were Sixteen-to-One,* Parson Brown,
Hamlin, an:d Washington Navel. The first two mature during October
and November. The season for Hamlin is usually given as October,
November, and later, and the Washington Navel ripens during the
period of October to January. The most popular midseason variety
in Torida is the Pineapple, its season extending from November
through February. Other varieties that ripen in this same period
are Conner, Homosassa, and Jafla. The Ruby is listed in the period
February to March, The most extensively planted late variety is
the Valenein, which ripens during the period of March to June.

The scasons [or the mandarin types studied are Owari (satsuma),
Qctolbor to November; Dancy (tangerine), November to January;
Temple (probably an inter-species hyhrid), January to April; and
King, March to April.

Comparisons were made of the effect of both sour orange (Citrus
awrantium) and rough lemon ((ifrus limonia Osbeck) rootstocks on
Parson Brown, Hamlin, Pincapple, Valencia, and tangerine oranges.
The same variety was colleeted in two or three different seetions of

* Italic nuwthers in purenlheses refer to Lileratore Clted, p. 3L
1 Noma used lneally for an undeseribed early variety of sweet orange.
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the State. The plots selected for the experimentsl work consisted
entirely of commearcial groves whose history was well known. The
trees had had adequate cave for a number of vesrs and were in good
condition. A more detailed deseription of the samples and the con-
ditions surrounding them is presented in table 1. The samplos marlced
“Near Orlando” were grown within a radius of 10 miles of that city,
which is located near the center of the State. The soil types were
mostly Norlolk fine sand.  They are referred to locally as high pine
sandy soils.””  The one plot in seuth-centre! Florida was also typieal
of high pine land. Tle soils in the plots in the north-central section
{Marion County) and on the cast coast contain more organic matter,
and arc usually referred to as hammock. As a rule, rough lemon
rootstock is used on the lightor soils and the sour orange stock on the
heoavier ones.

These investigations were conducted at Orlando, Fla., during the
citrus season 1938-39 and 1039-40. The first samples were col-
lected in September, and colleetions were made once a moith there-
after unfil June. Data on juice constituents other than pigments
were obtained on three lots of fruit in 1936--37, and these are included
in the seetion on maturity.

Tanve 1o Swmmarized deseription of samples

Huoatstovk . Ao of trees Loculity

H Years i
Farson Hrown Bagh lermon 118 o Near Urlandao.
IR .. BN QTATIRY L1718 [BI'R
1o . . tles © Aot 5 . orth-ventrsd Floria,
Iin R do © About 30 . East coost.
Hamlin . ______. lough lemon T IR-18 .7 Wear Orlunda,
SOLET orange About 10 - North-centrl Florido.
Hough lemuon ER-17 © Near Orlandg.
Wiaabingtnn Navel BOUr ornge About 7 Notth-rentral Floriila.
Piaeapple .. ltoued: leton H=10 - Nowr Qrinnde,
Ihe . N . Bonr oratge . . ; North-ventral Florisda.
i .. - e le . 13 Eust const.
I3 i - : D1g.
Homosassn - - .. . . Rough lemen . ARE - Menr Orlanilo,
Conner . L BOUr s iime Loty i .
Tatla e JR— 1 . o Ahout 30 -3 Neorth-central Florida.
Huby (Bleady . .. __ : tn . .40 or more Nenr Orlanda.
“leneia L Rough lemon .. Abont 12 . dputhecentral Floridw.
Senr arange SAbout 1T . Lo East eonst,
ool co- o About 2 . Near Orlando.
n Rough letmen . 33-33 - 1.
Doaey tnngerine . - o« . ¢ Ahout 20 Lo,
1 s . . Bour prange A I - North-eenteal Florida.
Trale R Lot ; l Near Oriando.

13 o . .-} Ensi const.

Owari satenng Rough lemen JAdormore . Near Orlanda.
L] . - Grapefruit R Aboni 12 1 L.

Ring .. ... Jough leman Ahout 15 I Iio,

An especial effort was made to obtain plots in which the history of
the trees was definitely known. in soveral instances the source of
the budwood ¢l be traced baek to the original scedling that gave
rise to the variety. Parson Brown oranges from north-central
Florida were collected [rom the Carney grove at Oklawaha, Marion
County.  The budwood had come front what was considered the best
one of the original Parson Brown seedlings at Webster. The Pine-
apple oranges from this same section of the State were grown in the
Crosby-Wartman grove ut Citra, and these had béen budded from the
original Pineapple orango trees in the . B. Owens grove. The Temple
oranges from near Orlando were collected from the Bennett grove at
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Minorville. These frees had been budded from the original Temple
tree discovered at Winter Parck.

Prior to the commercial picking date, samples of fruit were collected
from 10 trees. Twa trees in each plot were veserved lor subscquent
samples. Oranges were collected once & month. beginning with Sep-
tember. A sample consisted of 75 to 100 [ruits, gathered from all
sides of the trees in order to obtain uniform sizes vepresenting the
average for the tree.  This sample was then reduced to 50 fruits show-
ing the most uniformity in size. The average weight, size, and rind
color were recorded.  The fruits were then halved, and the juice was
extracted by means of a fruit press during the early part of the season
and by hand after the commercial picking stage of development was
reached.  The juice was filtered through a 18-mesh strainer.  Flavor
and color of the composite juiee were recorded,  The following deter-
minations were made immediately: Total soluble solids, hydrogen-
jon concentration, tntal acidity, and ascorbic acid. The methods of
analysis weee identical with those described by Harding, Winston,
and Fisher {2).

ToraL CAROTENOIDS IN THE JUIGE

The only method lor determining carotenoid pigments in orange
juice known to the writers at the time this worlk was begun was the
one described by Tavlor and Witte (5). This was an adaptation of
Guilbert’s hot-saponification method recommended for determining
carotene in forage crops.  Peterson, Hughes, and Freeman (4) had
simplificd the Guilbert method which was itself the one the writers
tried first, It was lound unsatistactory for the following reasons: (1)
Refluxing the juice with aleoholie potash produces caramelization,
and the resultant darkened color makes it difficult to extract the pig-
ments completely; (2) duplicate cxtractions do not always agree,
apparently because ol incomplete saponification; (3) the Guilbert
method, designed for forage crops, does not quantitatively extreact
eryptoxanthin, which has been shown by Zechmeister and Tuzson to
be the main precursor of vitamin A in oranges.

After considerable experimentation with the methods already men-
tioned, which proved to be unsatisfactory. the writers developed a
sabisfactory method for determining total earotenoid pigments in the
juice. Tt will be deseribed in detail as finally adopted by the writers
inn the following paragraphs.

The ether-soluble carotenoid pigments exist in the orange juice as
served to the eonsumer ecither in colicidal dispersion or intimately
associated with fragments of the juice sacs. An attempt was made
closely to simulate the juice as actually consumed in beverage form.
This was accomplished by first passing the juice through a 16-mesh
sieve and then by removing a 25-ml. aliquot by means of a pipette with
the tip filed to make a larger opening than usual.

The aliquot was transferred to & 1-cunce ointment jar and frozen
in the freczing compartment of a mechanical refrigerator. The pur-
pose of freczing was twolold. TFirst, this permitted storing the pig-
ment samples without loss while the less stable constituents were being
determined; and second, the ice erystals could he utilized as an abhrasive
in macerating the sample. This was done the next day when the
frozen sample was transferred quantitatively to a stone mortar. The
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grinding was necessary to separate the earotensid pigments as com-
pletely as possible from the cell fragments. Sand was not suitable for
this purpose, because it was found to interfere seriously with filtering
ang extracting.

The aliquot of juice was transferred to a Biichner funnel, and the
bulk of the aqueous portion was filtered off by suction (but not to
dryness). When the solution showed a sirupy consisteney, the
aqueous filtrate was transferred from the filter flask to another flasi
and redistilled acetone was added to the filter. This was repeated
until no additional celor was extracted. The acetone cxtract was
transferred to & scparatory funnel contsining 56 ml. of purified
petroleum ether, and the aqueous filtrate, previously removed from
the filter flask, was added to the acetone-petroleum ether mixture.
The water-soluble pigments and the acetone were removed from the
petroleum ether by washing first with l-percent sodium ecarbonate
and then with distilled water. The petroleum-cther extract, con-
taining the total carotenoid pigments, was dried over anhydrous
sodium sulfate made up to volume and these were determined colori
metrically as described in & previous publication (8). The results are
reported as total carotenoids in milligrams per liter of juice, although
the colorimeter employed was standardized with only the 8-carotene
crystals,

The total carotencid reading presumably includes values for
carotene, xanthophyll, and cryptoxanthin, TInasmuch as xanthophyli
possesses no vitamin A potency, it is believed that the value of the
date would be enhanced If the results were presented so as to indicage
some of the component fractions of the total carotenoids.

XANTHOPHYLL

The xanthophyll fraction was removed by washing the petroleum-
ether extract with 92-pereent methanol until the washings appeared
colorless, Ninety-two-percent methanol was used because Wiseman
et al. (7) have shown that over 90 percent of the xanthophyll ean
thus be removed from a mixture of carotene and xanthop iyl in
petroleum ether. After this treatment the petroleum-ether extract
was dried over anhydrous sodium sulfate made up to definite volume,
carotene was then determined colorimetrically and the xanthophyll
by difference.

SAPONTFIABLE Fracrion

In all of the methods consulted, the plant material is saponified
prior to assay for carotene. It was found in the present work that
saponification removes an additional fraction (possibly cryptoxanthin)
from the petroleum ether extract, and in order to malke o thorough
comperison of the methods an aliquot was saponified after xan thophyll
had been removed. The procedure was as follows: Another 25-ml.
aliquot was treated with 5 ml. of saturated methy! alcoholic potash
and held in the refrigerator overnight. The next day the alkali was
waslied out with water, and the epiphasie petroleum cther was washed
thoroughly with 92 percent methanol. The petroleum-cther solu-
tion was dried over anhydrous sodium sulfate made up to definite
volume and the pigment was determined colorimetrically. This
fraction, remaining after the removal of xanthophyll and the saponifi-
eble pigments, is customarily reported as carotene.
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In $table 2 will be found a comparison of the results obtained with
the new method and with the Peterson-Hughes-Freeman method for
determining carotenoid pigments in plant meterial, The latter
mechod was modified siightly in that after the hot saponification the
pigments were first extracted with cold acetone before transferring to
pe}:t:roleum ether, instead of extracting directly with the petroleum
ether.

TasLk 2—Comparison of methods for exiraction of coreleneid pigments from
orange juice

PETERSON-HUQHES-FREEMAN {107 SAPONIFICATION
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tenoids less
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Ten replicate samples of Valencia orange juice were analyzed by
each method. It will be readily seen that the extraction with cold
acotone vielded higher values in all fractions. TFurthermore, less
variable replications were obtained when the new method wes used.
With the hot saponification method the results {or total carotenoids
ranged from 4.70 to 5.79 mg. per liter, whereas with the second methed
the values ranged from 5.66 to 6.44 mg. per liter.

RESULTS

SeasonNaL CHANGES IN PIGMENTS

Figure 1 is o graph depicting seasonal changes in the pigments of
the juice of early varieties of oranges. This group inchudes Parson
Brown and Hamlin on both sour orange and on rough lemoen root-
stock, Washington Navel on sour orange stock, and Sixteen-to-One on
rough lemon rootstock. All those on rough lemon rootstock and one
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Parson Brown on sour orange were zrown near Orlando, one Parsen
Brown on sour orange stock was grown on the cast coast, and all
others came from north-central Florida. Viewing the graph as a
whole, it will be seen that the carotenoid pigments iu the juice grad-
ually increased during the season. In most of the cases the highest

oranges, 1939-40,

PLEASANTLY TART
UNPALATABLE

A
Q
o

Seasonal ehanges in earolenoid pigments in, and llavor of, the juice of early Florida
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Fioune 1,

value shown oceurred in Mareh; in a few others the peak was attained
earlier. Fluctuations are apparently due to sampling errors.  When
these carly varicties had attained their greatest pigmentation, their
pigment content was from three to five fimes that shown in the
September samples.  The Parson Browns showed the highest maxima,
and the east coast and north Florida siunples of this variety were
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higher than those grown near Orlande. The Parson Brown on rough
lemen root from Orlando increased from 0,87 mg. per liter of juice to
5.39 mg. per liter, whereas the lot on sour ovange stock from the same
zrove showed an nerease from 1.32 to 5.78 during the season. The
ather two lots of Parson Browns showed higher carotenoid pigments
almost from the beginning. The north Flocida lot showed o range
of from 2.21 to 6.89 mg. per liter, while those on the cast eonst ranged
from 2.17 to 7.82 mg. per liter,

The Hamlins on hoth rootstocks were comparatively low in caro-
tenoid pigments shroughout the senson. However, like other vari-
eties they increased their quantities of juice pigments i left on the
Lree long enough, althougl thoy never atlained as high maxima as the
Parson Browns. It is signifieant that in late October and early
November, when these early varieties are normally harvoested, the
Hamlins were quite low in carotenoids.  Their average forthe October
sample was 1.027 myg. per liter as compared with 2.40 for all the
others, and the vast differences amony the othoer rarly varieties had
not begun to appear. By January the Hamlins had attained approxi-
maiely as much pigment as the Parson Browns showed during their
own shipping season. The Washington Navel and Sixteen-to-One
varicties af the Inst sampling showed higher carotenoid pigments than
did the Hamling, although thelr maxima did not equal those of the
Parsan Browns.

Flavor tests mude in the laboratory indieated that the juices of all
these varietios were cither pleasantly fart or sweet in the samples
colleeted between October 8 and November 6. Commereinl picking
of all these vurieties occurred hetween October 5 and November 26,
It is evident therelore that maximum earvofenoid content of the Juice
was not veached un(il long after the fruits had attained their most
palatable stage of maturity. This was especinlly truc of varicties
hke the Washington Navel and Sixteen-to-One. which were notably
low in acid and which became Loo swoet and even insipid in February
and March,

In figure 2 will be found & comparison ef the juice pigments in the
midscason varietics—Pineapple on sour orange and rough lemon
rooistocks, Ruby, Conner, and Jaffa on sowr orange, and Homosassa
on roagh lemon. The Pineapple on sour orange rootstock was grown
on the cast coast, the Jaffa i north-contral Florida, and the others
were produced near Orlando. These midseason varieties showed a
seasonal increase in earotenoid pigments similar to that in the early
varieties, the one exeeption being the Jaflfa.  This variety showed an
ingrease in carotenoid pigments up to November, remained ahmost
conséant from this time until Januwry, and increased only slightly
after that, Move specifically, in Seplember the juice of oranges of
this variety contained 1.24 mg. total carotenoids per liter; in November
it had 2.52 mg., but by February it had increased only to 2.74 mg. per
liter. 'The maximum value atiained was 3.11. During this period
the Pineapple on rough lemon showed an inerease in pigment from
(.86 to 5.40 meg. per liter whereas the same variety on sour orange
stock inereased from 1.70 to 5.66 mg. per liter. Throughout the
season the Homosassa varicty showed somewhat lower quantities of
carotenoid pigments in the juice than did the Pineapple, ranging from
0.95 to 4.08 mg. per liter.
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The juices of these varieties were considered pleasantly tart or
sweet sometime during the months of November, December, or Janu-
ary. ‘The shipping season for these varieties usually extends from the
middle of November through Junuary. It is evident, then, that they
contain & higher pigment content when shipped than do the carlior
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verieties. Likewise they may increase in earotenoid pigment even
after attaining meximum favor. The Pincapple orange on rough
lemon stock illustrates the point. It was considered pleasantly tart
in November, sweet in January, bui by the ime it had attained its
maximum pigmentation (March 11) it had developed an undesirable
oversweet and insipid flavor.

202064°—£1-—3
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Figure 3 shows the seasonal changes in carotenoid pigments in
the juice of Valencia oranges. These being representative of & Iate
variety, the period of ohservation was extended through May. The
lots included fruits grown on sowr orange rootstock from the east

oid pigments in, and Navor of, the juiee of Florida Yuleneia
oranges, 1939-
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F1Gore 3.—Beasonal changes in caroten

coast, a series on rough lemon stock from Polk County (south-central
Florida), and series on sour orange and on rough lemon rootstock
grown near Orlando.  These snmples showed a scusonal rise In earote-
noids like that found in the cerly and midseason varieties, but the
peak wus usually followed by a decline. The sour orange lot from
near Orlando began in November with 2.05 mg. per liter, mercased to
8.48 by March 26, then began falling. The rough lemon lot from
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south-central Florida reached its peak in March with 5.45 mg. per
liter, when it began to decrease. The other two lots were not sampled
after commercial picking because of the growers’ failure to hold them
beyond this period. However, the rough lemon lot from Orlando
had already begun to show a decline in carotenoid pigments in the
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Frouns 4. Beasonn! changes in carolonoid pigmeuts in, and avor of, the
mandarin bype of Florida oranges, 1939-40.

juice beginning with the March sample. As the shipping season for
Valencias normally extends from March to June, it appears that this
variety may be marketed at the peak of its pigmentation, but doubt-
less most of the fruit is picked after the juice color has begun to de-
cline, as is always the case with rind color.

Figure 4 shows the seasonal ehanges in pigments in the juice of the
mandarin types of oranges. The lots studied wore Dancy tengerine
on sour orange and on rough lemon rootstocks, two lots of Temple
on sour orange rootstock, Owari satsumsa on rough lemon, and the
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King orenge on rough lemon. The tangerines on sour orange stock
were collected in north-central Florida, one lot of the Temple on the
east coast, and ell the remainder from near Orlando. As would be
expected from the deep color of the flesh of this typs of fruit, these
mandarin varieties showed very high carotenoid content right through
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the senson. The tangerines on rough lemon ranged from 3.4 to 11.03
mg. per liter, and these on sour.orange stoek showed a range of from
2.78 to 17.52 mg. per liter. The two lots of Temple reached pesks
of 8.78 and 10.56 mg. per liter, the Owari a little over 20 mg. per liter,
while the King—the highest of them all—reached & maximum of 24.52
mg. of carotenoids per liter of juice.
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Errect or Locaniry on PicMENTATION

Figure 5 gives & comparison of the juice pigments in 2 given variety
of orange on one rootstock es grown in different parts of the State.
Parson Brown oranges on sour orange rootstock were collected ncer
Orlande, on the eest coast, and in north-central Florida, and Pine-
apple oranges on the same rootstock from the east oast and north-
central Florida. The greatest divergence between the curves appears
in the middie of the sampling period, i. e., about December. In other
words, all lots started out with about the same quantity of pigment
and attained approximately the same maxima, but those grown in
the northern part of the State increased in pigmentation more rapidly.
A deeper colored rind is generally found on oranges produced in the
northern part of the State, and it would secem that this holds nlse for
the flesh during the shipping season. In commercial practice, these
relatively early orsnges are not permibted to remain on the tree as
long as these lots were held, so that these varieties ravely develop their
meximuny flesh pigmentation. The eurves show o tendeney toward
more ravid inerease in carotenoids during November in the northern
region, as compared with the other regions, The rate of inerease slows
down in December, and the Iead is lncgely lost by the ond of the month.
Unaccountebly, the Parson Brown oranges from Orlando do not show
their greatest rate of increase until January,

RooTrsTock AND PIGMENTS

Harding, Winston, and Fisher (2) have called attention to the effect
of rootstock on quality of oranges, and the guestion has arisen con-
cerning the effect of rootstock on juice pigments. In fgure 6 some
of the early and midseason oranges previously discussed have been
grouped so as to compare the same varicties on bwo different root-
stocks, sour orange and rough lemon. Beeause of the suitability of
these rootstocks for different types of soil, it was not possible, as a
rule, to find both rootstocks in the same planting, or even in the same
general region. The Hamlin on sour orsnge rootstock was grown
in north-central Florida, and the Pineapple on sour orange was grown
on the cast coast on soils to which the sour orange rootstock is espe-
cially adapted. The Hamlin and Pineapple oranges on rough lemon,
as well as the Parson Brown lots on both rootstocks, were all collected
near Orlando. The Parson Brown lots afford the best comparison,
because they were produced in the same grove and on the same soil
type.
y%‘here was no significant difference in the amounts of the pigments
in the Parson Brown varicty on the two rootstocks. The rough lemon
lot ranged from 0.97 to 5.39 mg. per liter and the sour orange lot
from 1.32 to 5.78. The Hamlins on both rootstocks were notably
lower than the other varieties, and fairly uniform, except for one
“sour orange rootstock” determination in November. The Pine-
apple oranges on rough lemon grown near Orlando were consistently
lower in pigment than those on sour orange from the east coast. Soil
and ciimatic factors may have had an influence here. Figure 3, which
includes only Valencias on two rootstocks, llustrates the same points
brought out in figure 5. The Valencias on sour orange and on rough
lemon rootstock from nesr Orlando were botn produced in the same
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rove on what is locally called high pine sandy soil. The curves for
these two lots are very similar. The “rough lemon” lot from south-
central Florida was also produced on the same type of soil in the
“ridge section’ but gave distinetly lower readings, whereas the
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midseason oranges grown on two rootstocks, 193940,
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Valencias on sour orange rootstock grown on the east coast closely
paralleled the two lots from Orlando.

Maximum CarorENCID CONTENT OF JUICE OF ALL VARIETIES

A better ides of the relative carotenoid content of the juice of all
lots of oranges studied can be gained from figure 7. The values repre-
sent the maximum attained by each lot during the peried of sampling,
which in some instances extended beyond the commercial marketing
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The lower portion represents the earotene fraction. Much of the data
on carotene content of orange juice reported by others is based on 2
method which would determine only this last fraction.

CAROTENOIDS AND OTHER CONSTITUENTS OF THE Juice

In studying the relationship of the carotenoid pigments to maturity
of oranges, it was necessaty to assemble data on other juice constiiu-
ents that are known to change in quantity with the advance of the
season. These data were all collected at the same time the pigment
analyses were made.  Because of the inercasing demand for such
mformation, the detailed results of this phase of the investigation are
presented here.

The seasonal changes in carelenoids and other juice constituents
for all varieties studied in 1939-40 are presented in table 3. Table 4
gives the effect of two rootstoeks on juice constituents over g period of
2 yoars.

Tanne 3.~ Seasonal chuugrs in carolenoid pigments and sther constibntrnis in, and
flavor of, the juice of Florida oranges, 1938 40
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TaBLE 3.—Seasonal changes tn carolenoid pigments and other constiluents in, and
flaver of, the fiice of Florida oranges, 1985-40— Continued
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TasLE 3.—Ssasonel changes in carolenoid pigments and other constituents tn, and
fluvor of, the juice of Florida oranges, 1939—40---Continued
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i genk.
: Oct. I B. 3t 2,084 4. H 276 L] 51 ' Do.
Kiog orange on roMgh Linny, 13| &or | Lezl sS4} Boti (22 1898 Do
ol roolglack ok f|Dee 11| wmss |yl G| agsy 207 10.30 Seur
ccted pear Orlande. {1y, " 16| 10,84 | L2i4° 487 '4;; {3{. g 10 %Ilghtl\ sour.
Fels, 12 12,04 L 10 3. . 24.52 ; Tort
Mar. 11 IR 124 11. 31 3. 52 AT Y 2402 | Bweet.




TABLE 4.—Effect of tico rootsiocks.on juice constituents of Florida oranges, 1938-39 and 1939-401

f |
Active neidity | Ascorbie neld Flavor

' I Total soluble
solids

Month B T S R A - o
colleeted Rough | Sour | Rough| Sour |Rough Sour Rough | Sour ; Rough = Sour

I

lemon | orange | lemon { orange § lemon. | orange | lemon | orange ; lemon ! orange
stock | stock | stock @ stock | stock | stoek | stock | stock | stock | stock

H H i
IR B SR R ] N SN S S O N

| i 2

Percent: Percenti Percent| Percent ]a pI o pll Mgl Mglml

7.82 0 818 1.808 500 1 4.53 3.35 0 8.20 0 0.631  0.740 | Sour; astringent .. ..} Sour; astringent.

.87 | 10, JBB8 ; 1.482 0.00 : 5 .84 ¢ 3.46 0 633 . 735 | Pleasantly tart. Slightly sour.

Parson Brown orange, 1038- | November. . . . A . . 1.064 J38 5 o348 0 5T 860 | ... do R Pleasantly tart.
30, December, 3 A . .032 . .77 3.08 0 3.75: (582 758 | Sweol | . Do.
January. | .. A 2.4 . . 708 .35 . 55 | L0205 3.8 L 56) LTI L . | Sweet.

February, . 3 2,47 . (4 . 7 7.28 4 9 559 . 723 Do.

e
, ¢ Solids-te-ncid
Total nelds I ratio

T S | ot e e et e i At e S 1 g ettt

¢

Variety and season

Rough Sour
leron stock arange stock

September. ...

September . 7.97 3 8 7. % 7 .30 © 514 .601 | . Slightly sour,
October... .. . A . 662 . 3. , . 80 ¢ L7600 L 500 . D Sw . . Pleasantly tart.
November.. . _. .20 | X 4 . i 1.8 4 o387 0 L3, .....do. Sweet.

{ December. 8 . . i 3 A C4.06 523 . . . Dao.
Havuary. . . . A € P 21, 7 , .31 ¢ . L8617, R .. Do,
February.. ... X . . 07 3 .18 P35 ceefoo L . DNo.
March. . . . . 5 20. 4,33 ¢ L2 ] 4 Sweet;old.. ... . .. Do.

T’r;x")son Brown orange, 1939~

September. ., 8 . . . 0: .88 .39 | 7 . RN | Sour; astringent .| Sour; astringent.
October.... . 7.57 : . . 868 .67 .02 . A At . . Sour . Tart.
November. . . . 62 . . A .10 7 3. . 5 . Pleasantly tart. -1 Pleasantly tart.
Deécember.._ - . 4 3. [« ( W DR Do.
January i Pleasantly tart tosweet. Do.
February . : do . L Do.
Sour. .. se-w-... | Slightly sour.
Pleasantly tart- .| Swoeet.

Sweet Jo.
' S\\'O(;L; watery . Watery,
] do .

Hamlin orange, 1938-39

DTh

September. . |

Qctober. - |

"INovember. .. .

Hamlin orange, 1939~40.. . ° { Decomber. e
January....._. 1 -9, 9. ; A .80 . - Do,

February 1 3 . {16, 3. 74 L 02 N o650 i do ... Watery: off-flavor,

March. . __ . Lo do. .o ...

SHONVHO0 VAId01d 40 dDIAL

DODT L

October .
November.. ..
December.. .
January. ... L8041 . .80 | © Pleasantly tart
February 11,57 872 . .27 ¢ N L& A0t B3 do L Do,

! Parson Brown on both rootstocks were grown near Orlando; other varieties on rough lemon stock grown near Orlattdo; those on sour orange stock (exeept Pineapple noted in
footnote 2) grown in north-central Florida.

CTart.. . Tart to pleasantly tart,

Pineapple orange, 1938-39.... Tart 10 pienasantly tart’ l’len]s)nntly tart,
0.

i
| . H !
Septcmbcr.-.,l .02 YE T . 1. 3.20 1 296 .55 ¢ Very sour; astringent | Very sour; astringent.
I . 57 : So . Sour
f
-
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TaBLE 4.— Effect of two roolstnclm on ]IL‘IC(’ constituents nf F lor1da ormlqt's, 1938-39 and 1939-40—

Variety and season

Pineapple orange, 1939-40

Pineapple orange, 1939-102.

Dancy tangerine, 1938-39 ..

Daney tangering, 1939-40 ..

‘Sememben N

" 1{September.__.
October,

Month
collected

Septemiber.. ..
October. .. .u.-
November....
December. ...
January. ..
Febrnary. .
March

November.
December
January.
February
March. .. .....

September. ...
QOctober. .

October.
November. ...
December.. ...
January.:.
February. ...

November....
Decentber
January..
February
March. ..

Total soluble
solids

Total

acids

Rough
femon
stoek

Sour
orange
stock

Percent| Percent
7.87 811

Rough
lemon
stock

Percent

Sour
orangre
stock

Rough

Solicxto-acid
ratio

Active acidity

Continued

Ascorbic acid

Flavor

Sour
orange
stock

lemon
stock

Rough - Sour
lemon | orange
stock = stock

Rough | Sour
lemon | orange

stock | stock

Rough

lemon stock

Sour
orange stock

Pm:cnl

624

1.642
1,265
1.158

6.06
9.32
10,16

10, 60
13. 35

16,85 ¢

18.27
3.15

5.86
8,96 |
10.36 .

15.15

.37 |

26,42

17.53

i
2.92
6.55

wpsiope e
a1
T

Bg58 BE2I8

1{nin D

sttt

Lo on s
0 G

~1Lnengn
ocuSGH

=

e ]

WP AR

e 02 S 1

o

¥
o

Mgiml |} Mg{ml
, 580 1 0.498

640

. 280 1 Very sour; astringent._
'32‘ - 8
"970 © Pleasantly tart tosweet,

008 4

.43

Sour.
Tart.
Plensxmﬂy tart.

' Sweet
do .
do.

Sour
Tart
Plensuntly tart

do ...
i... do

our.

! 0.
L2344 Very sweet

;. do

LV vry sour; x\btringum.

§ ( 0

‘ v an -

]’]msdnﬂy tart..

Sweet

Pleasantly tartto sweet.

Pleasantly tart; sweet.

Sour.
Tart.

I’leas:mtly tart.

Sweet.
Do.

Slightly sour.
Tart.
i e Do.
Pleasan tly tart.
Sweet.
Do.
Do.

Very sour; astringent.
our.
Pleasantly tart,

Very sweet.
Do.

Very sour; astringent,
Tart.

Do.
Plcnsnntlv tart.

Sweet.

Pleasantly tart fosweet.

Pleasantly tart tnsweet.

Pleasantly tart tosweet.

2 8amples on sour orange rootstock were from east coast of Florida.
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In genersl the data confirm those reported by Harding, Winston,
and Fisher (2). Parson Brown oranges grown on sour orange root-
stock contained a greater percentage of soluble solids and acids than
did those grown on rough lemon rootstock. During the period in
which the analyses were made, the rough lemon lot showed a rangs
in solids of 7.77 to 10.82 percent, whereas those on sour orange stock
contained 8.88 to 13.56 porcent solids. The range of acidity in the
rough lemon lot was between 0.354 and 1.090 percent as compared
with 0.416 and 1.284 percent for the sour orange lots. Higher aseorbic
acid (vitamin C) was found in the fruit when the trees were grown on
sour orange stock. Hamlin and Sixteen-to-One showed lower per-
centages of soluble solids than the other ecarly varieties. The two
Hainlin lots ranged from 8.21 to 18.52 percent soluble solids and the
Sixteen-to-One from 7.98 to 10.25 percent. The Washington Navel,
though fairly high in soluble solids, was low in acid, ranging from
0.318 to 0.863 percent during the season sampled. This variety de-
veloped a sweet {lavor early in the season but Jacked the tartness
usually found in other varietics as a result of their higher acidity. The
Hamiin oranges on sour orange rootstock were collected from a thickty
planted hammock grove where there was considerable shading, and
1t was probably on this account that these did not show the customary
superiority over [ruit of the same varicty on rough lemon stock, inso-
far as solids nnd acids are concerned.

The scasonal varintion in solids and acids in these carly varieties
over a 2-ycar period Is shown in figure 8. The consistently low per-
centage of soluble solids in the Hamlin variety is pronounced. In
November, when the Parson Browns showed 10.49 and {1.30 percent
solids, the Hamlins contained 8.91 and 9.10 percent solids. By the
end of the sampling period and later than the customary shipping
season, the Hamlins contained approximately 10 to 10.5 percent
soluble solids, whereas the Parson Browns had inereased $o between
12 and 13 pereent solids,  The low acidity of the Washington Navel
as compared with its solids content is indicated here. The break in
the curve for the Washington Nuavel in 183839 indicates & change to
anothier grove in the same scetion of the State, alter exhausting the
supply of samples in one grove.

It will be observed in table 3 thal the Pineapple oranges on rough
lemon rootstock were grown near Orlando, and of the two lots on sour
orange rootstock, one was collected on the east coast and the other in
north-central Flovida.  Although the last lot was higlier in total solids
than those grown near Orlando, the cast coast fruit was still higher in
these constituents. The intermediste position of the north Fiorida
fruit is doubtless due to shading, as was the case with the Hamlin lots
on sour orange stock previously mentioned. Both varieties were col-
lected from the same hammock grove in north Florida, The Pineapple
oranges on rough lemon rootstock showed a range in total solids
from 7.87 to 11.13 percent during the sampling season; those on sour
orange stock, from 8.11 fo 14.06 percent, The range of ncids was
from 0.784 to 1.476 percent for rough lemon rootstock and from 0.624
to 1.642 percent for sour orange stock, The east coast lob was gen-
erally higher than the other lots in total and wscorbic acids.

Total seluble solids in the Homosunssa orange were rather low for a
midsenson varicly, ranging from 7.71 to 9.62 pereent. Other mid-
season varicties showed sogiublu solids content comparable to that of
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the Pincapple variety; i. e.,, Ruby orange, 8.88 to 12.84 percent,
Conner, 8.88 to 11.25 percent, and Jaffa, 9.15 to 11.70 percent. The
last-named variety was relatively high in both solids and acids
throughout the samypling season.

14
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Froune 8.—Seasonal ehanges in flavor and in total soluble solids (A) and in total
neid ss citrie (B) in early and midseason Florida oranges during two seasons.
Fruit grown on sour erange rootstock in north-central Florida.

3

Figure 9 gives a comparison of Pineapple oranges from one source
for three seasons and from another source for two seasons, with regard
to total soluble solids and to totnl acidity. The high percentage of
solids and of acids in the cast coast fruit (sce p. 13) is shown. The
velues for those constitutents in other lols were fairly uniform, The
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aeid ag eitrie (B) of Pineupple oranges (rom one source for three seasons and
from another souree for two seasons.”  All fruil was grown on sour orange root-
stock.
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results for seluble solids in the lot [rom north Florida were fairly
consistent for the 3-year period. The acidity was a little higher for
the 1936-37 season in these fruits,

The Valencis oranges (table 3} resembled the carly and midseascn
varieties in their seasonal changes in total seluble solids and total
acids. Those grown on sour orange rootstock contained higher
soluble solids and higher acids than those grown on rough lemen
stock. There was not a great difference in the ascorbic acid content .
of the lots grown en the two rootstocks.

Tigure 10 affords o comparison of Valencias grown in three different
parts of the State and on two rootstocks.  The figure shows seasonal
chuanges in solids and acids for Valoncia oranges on sour orange root-
stock grown near Orlando and on the cast coast and for the same
vatiety on rough lemon rootstock lMrom near Orlando and from south-
centeal Florida, [ will be seen that the rootstock exerted greater
riTect on the constituents than did the loeality in which the fruit was
grown.  The two lots Trom near Ovlando afford an excellent eom-
patison of the rootstock effeet, beenuse they were hoth obtained lrom
the same grove, which 1s on g soil to which both rootstoeks are adapted,
thus redueing the variables frequently encountered in comparing
lwo lots from different sections.  The curves {or total acidity follow-
ing the Januney sampling show a little ivregularity.  This is doubtless
due to the lact that many fruits were lrozen during the lattor part of
January. Onan oceaston like this the older fruit may drop prematurely,
leaving & lnrger pereentage of oringes maturing from later bhlooms,

Fhe oranges of the nmndarin group are characterized, among other
qualities, by a deaper orange color in Hesh and rind and a higher sol-
uble-solids content ol the juiee. The latter point is emphasized in
figure t1 where scasonal changes are shown for solids and zeids in
Daney tangerines and Tomple ornnges. The Danex tangerines on sour
orange rootstock woere grown in north-central Florda in soil to which
the rootstock is well suited.  The Temples on sour orange and the
Dancy on reugh lemon rootstock were obtnined nenr Orlando from
a grove in which the rough lemon rootstock does woll, The Owaris
(satsuma) wore grown near Ovlando.  [n the November 1938 samples
{tabic 4) the juice of hoth lots of tangerines was considered pleasantly
tart to sweeabl. At this time the rough lemon lot contained 9.46
percent solids and 0,824 percent aeids; the one on sour orange stock
shawed 10.46 pereent solids and 0986 poreent acids. The solids:
acid ratio for the former was 11.5 and 10.6 for the latter. The figures
for solils and acids also indicated the desirable offect of the sour
orange rootstock us compared with the rough lemon.

The Temple orange was high in solids and very high in acids, as
witl be seen from figure 11, This variety was considered pleasantly
tart on TFebruary 20. Analvsis ol the juice showed 12.39 percent
solids, 1.262 percent neids and a solids : ncid ratio of 9.82 ot this time.
It is significeni that this ratio was lower than that for the tangerines
on rough lemon {(11.4} and on sour orange stock (10.6) when they
were considered sweet,  In other words, in these three instances, the
higher the solids the lower the ratin, which suggests that the ratio is
not in itself an adequate index of quality. Both high solids and a
not too low neid contont are essentinl to high quality in eitrus fruit.

Another characteristic of mandarin type oranges is their low ascorbic
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acid eontent as compared with that of the sweet orange type (Citrus
sinensis). In table 3 the ascorbic acid for Dancy tangerines showed &

i3

s O 8

- . ROUGH LEMON ROOTSTOCH
FROM SOUTH-CENTRAL FLORIDA

= ROUGH LEMON ROOTSTOSK NEAR ORLANDO
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Fioure 10.—S8easonal changes in flavor and in total sotubile solids (21} and in totsl

acids as citric (B) of [Floridn Velencia sranges.

range from 0.134 to 0.349 mg. per mi., for Owari satsumas from 0.902
to 0.364, and for Kings from 0.157 to 0.242. The Temple, o notable
exception, showed & range of lvom 0.420 to 0.539 mg. per ml. In
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fact, this variety compares favorably with the sweet orange in this
constituent, and this fact further suggests its hybrid nature.

;
td

OO0 DANGY TANGERINE ON AQUGH LEMON
NEAR ORLANDOD

#0000 DANGY TANGERINE ON SOUR ORANGE
FROM HOATH-CENTRAL FLORIDA
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MEAR ORLANDO
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Froore il.—Seasonal changes in flaver and in total soluble solids (4) and in total
acid as citric (B) of mandarin types of Florida oranges (1938-39).

Figure 12 shows the differences usually found n the ascorbic acid
content of different varioties. The Pincapple lot grown on the east
coast showed tho highest ascorbic acid content during most of the
sepson. This was the same lot that showed high solids among several
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lots of Pineapple. Again is evidenced the effect of the wider spacing
of trees with resultant increase in sunlight. The curve next below
this presents resuits or Pineapple oranges grown on rough lemon
stock near Orlando. The Hemlin variety was noticeably low in

? i i | ] 1 [

DANGY TANGERINE ON SOUR ORANGE FROM NORTH-CENTRAL FLORIDA
HAKLIN ON SOUR QRANGE FROMN NORTH-CENTRAL FLORIDA
PARSON BROWH QN SOUR ORANGE MEAR ORLANDO

PINEAFPLE ON SOUR ORANGE FROM EAST-GCOAST FLORIDA
PINEAFFPLE ON ROUGH LEMON NEAR QRLANDD

TEMFLE ON SOUR QRANGE NEAR ORLANDOC

VALENGIA ON SOUR ORANGE FROM EAST-C0AST FLORIDA
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Froune 12.—8easonal changes in Havor and in ascorbic acid eontent of several
varieties of Florida oranges grown in different loealities.

ascorbic acid. Parson Brown and Valencis varieties seemed to take
an intermediate position among the commercial voricties.” Tt will be
noted that the Temple variety fell in this intermediate group of
oranges. The results for the Dancy tangerines were typical for ascor-
bic acid in mandarin varieties. Ascorbic acid in all varictios showed
considerable fluctuation during the season, with a pronounced tend-
ency fo decremse towsrd the end.
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The pH values for active scidity (table 3) generally showed & con-
sistent increase for all lots and all varieties during the sampling season.
Occasiona! fuctuations, believed to be duc to sampling error, were
not neaxty as evident in these figures as in those for other constituents.

From the combined results in tables 3 and 4, it would seem that the
sensonal increases in carotenoid pigments were definitely a part of the
vipening processes.  These increases were quite genevally aceompanied
by similar increases in total soluble selids and the solids-to-acid ratio,
as well as by a decrease in total acids, in active acidity, and in ascorbic
acid. Therc was no specific quantity of pigiment in any variety at any
time that could be taken as an index of maturity, nor was there any
definite velationship between total carotenoids and other constibuents
when the fruit reachied its most palatable stage. It has been sug-
gested that fruits with pale-colored flosh af the time of marketing are
lower in both solids and acids.  This was found frue lor some, but not
for all varicties. Hamlin, Homosassa, and Sixteen-to-One oranges
were relatively low in carotenoid pigments, solids, and acids; on the
other hand. the Jalla orange was high in solids and acids and low in
carotenoid pigments. In fact, this last-mentioned wvariety, when
grown on sour orange ssock, is considered a supcrior variety because
it maintains a high solids and a high acid content throughout the
SLason.

DISCUSSION

It seems prohable that the carotenoid pigments in the juice of
oranges must play a role in the general metabolism of the fruit.  Their
sessonal increase in the carly and midseason varieties followed the
same general trend as that of the total soluble solids. In wvarieties
lilkke Hamlin, Sixtcen-to-One, and Homosassa, a low pigment content
was associated with a low percentage of solids in the juice. The Jafla,
on the other hand, was characterized by a high percentage of solids
and a low percentage of carotenoids, but the curves showing progres-
sive changes in hoth of thesc coustituents were very similar, suggesting
# close relationship between the rates of formation.

Some of the observations are difficult to explain, as, for example, the
continued increase in pigmentation after the juice has passed its most
palatable stage. Some of this apparent increasc may be due to
dehydration of the fruis.

A highly colored vind in citrus fruits is usually associated with
considerable pigmentation in the juice. This is especially true of the
mandarin types. There are exceptions, however, as in the case of
the Hamlin variely, which may develop a deep rind color without
increasing the carotenoids in the juice. It is not understood why
conditions that increase the pigmentation of the rind should not also
affect the color in the flesh.

The blood oranges, of which Ruby is a type, though externally pale
in color, contained almost as much pigmentation in the juice as the
Parson Brown or Pineapple varieties. The term “‘blood” is apphed
because &b a cerlain stage of maturity red, bloodlike spots appear in
the flesh. The red color is duc to a waber-soluble pigment {(antho-
cyanin) related to that found in apples, cherrics, voses, etc. There is
no record of any othoer citrus fruib having an anthocyanin pigment,
The pigment responsible for the color in pink grapefruit is lycopene,
an isomer of curotene, found most abundantly in the tomato fruit.
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The seasonal increase in carotenoids in the juice of oranges should
be of significance from a nutritional standpoint. Because several of
the carotenoid pigments are precursors of vitamin A, it might be
inferred that the potency of the fruit in regard to this vitamin would
also increase with maturity, For instance, one Int of Parson Brown
oranges contained 2.33 p. p. m. carotenoids in QOctober and 4.04
p. p- m. in November; in fact it was shown that the carotenoids were
increasing during most of the sampling season. This indicates that
the results of a vitamin A assay mey vary with the stage of maturity.
Also, the varieties should show considerable differences in vitamin A
potency if carotenoid pigment content is a eriserion.’

Of importance in this connection is the high pigmentation of the
mandarin types of oranges, The maximum carotenoid content of
these oranges averaged nearly three times that of the sweet oranges.
1f they are found to be proportionately as high in vitemin A polency
this would more than compensate for their relatively low ascorhic
acid content,

Strangely enough these mandarin varieties constitute a small pro-
porbion of the oranges consumed in this country. Many of them do
not find their way to the market in any great volume. It seems that
there should be an outlet for many of these fruits as dietary supple-
ments for both man and snimals. Cannery wastes, which ceonsist
mainly of grapefruit refuse, have heen converted into cattle feed for
many ycars. These fruits, including the rinds, are almost totally
lacking in precursors of vitamin A. This suggests the possibility of
reinforcing the feed with citrus types higher in vitamin A poteney.

In making a comparison between seasonal changes in pigments and
other constituents of the juice, & great deal of information on factors
influencing flavor has been accumulated. The importance of high
percentages of solids and of acids as well as the influence of locality
and rootstock has been presented. It has been demonstrated in these
aud in other investigations that for the most part fruit produced on
the sour orange rootstock has higher acid and higher soluble solids
contend than does that on rough lemon rootstock. It must be borne
in mind, however, that juice quality may be influenced by s number
‘of {actors, In the present report instances have been cited in which
shade may reduce both soluble solids and ascorbic acid in fruit and
thus sometimes make the fruit from trees grown on sour orange root-
stock appear inferior to that from trees on rough lemon with ample
sunlight.

There is another point which should be considered in @ discussion
of this kind; namely, that there is an clement of time involved in
determining dessert quality. This is further emphasized by the fact
that juice quality is frequently o matter of individual preference. It
has been the cxperience of the writers that any of the varieties of
oranges tested may be acceptable and pleasing to the consumer if
presented ab the optimum stage of maturity. This may well be illus-
trated with the Hamlin orange which is notably low in solids and is
considered by many to be an inferior variety. In the present investi-
gations the lots of the Hamlin picked in October 1939 showed a
range of 8.53 to 8.01 percent of soluble solids, whercas the fruits left

s This §s substantiated by the results of biological assgys for vitamin A made or fruits of the same plots
by Lels E. Booher, Burea of Home Economics. Parson Brown ofanges harvested on Cetober 23 showed
42 International Unils of viemin A per 160 mi. Juice, and 80 units when harvested Novembor 20, Plae-
apple orenges contained 75 upits of vitamin A per 100 m). oo Januery 5 and about 175 upits on JTsnuary 22,
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on the trees ultimately attained a percentage of soluble solids in the
9-to-10 range. That the Hamiin is often shipped in Qctober may
account for its apparent unpopularity.

Varieties like the Sixteen-to-One and the Washington Navel are
characterized by a sweel flavor due to their low acid content.  Sweet-
ness in oranges appenrs to he preferred by residents of the northern
part of the country.  Winter visitors to Florida have often expressed
a preference for Parson Brown oranges in the experimental plots com-
pavatively late in the scason, long alter the trade had shipped all of
the early oranges out of the State. Most persons resident in Florida
prefer more acid in their oranges and naturally choose those with a
pleasantiy tart fiavor.

It is true that a high percentage of soluble solids and a not too low
acid content contribute toward quality in citrus fruits. Temple on
sour orange stock and the majority of Florida scedling oranges fall in
this category and are usually considered above the average, but even
these must have attained optimum maturity to he most acceptable.

The Jaffan orange on sour orange stock is peculiar in that it will
attain a high solids and high acki content early in the season and
maintain o high percentage of these constituents for a considerable
period. That is, the inercase in solids and loss of acids procceds
rather slowly. Usually considered & midseason variety, its shipping
season has been known to overlap both the ecavly and the late seasons.

The period in which the varieties were first considered pleasantly
tart during the two seasons from 1938 to 1940 is indicated below. It
must be remembered that colleetions were made but once a month
so that these dates do not indieate when the fruit beeame plessantly
tart but merely when the first sample was found to have attained
this stage.

List of varielies studicd and the time when the swmples were first found to be pleasa nily
furl
Periad in whieh first pleas-
arily tart sample wer
Variety: endlected

Parson Brown . e
Sixteen-to-Oue - L e ool R P
Whashingion Naveloo oo oo iil aeaoaoais . Get. 9-Xav. 7.
Hamlin . e

Pincapple. . e e e e }.\’0\" 13-Dec. 27.

Rubsw__.. .. . e .
Ownari (satsun_m} e mmm . Nov. T-Dee. L1,

Daney langerine . oo .. .. Li. ioeaiooo o Nov, 11-Dec. 18.
HOMOSASSA . . | cemccm o aimmnmmrmma——mmmmmmmm : - -
CONMBY e mma it e mmmmmm—me————mm _}.]an. 8-Teb. 5.
Temple. ooor oo e icimmmva Jan. 30-Fcb, 20,
VAIEN IR e o o o e oo eememam e e mmmmem—n— Deb. 24—Mar, 25.

SUMMARY

A study was made of the seasonal changes in total carotenoid
pigments, total soluble solids, total acids, active acidity, and ascorbic
acid in the juice of Klorida oranges of both the sweet (Citrus sinensis)
and the mandarin (Citrus nobilis) types.

Trujts were collected from central, north-central, south-central,
and the east-coast sections of the State. The Parson Brown, Hamlin,
Pincapple, Valencia, Dancy tangerine snd Owari satsuma varieties
were grown on two different rootstocks, and the Sixteen-to-One,
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Washington Navel, Clonner, Homosassa, Jaffa, Raby, Temple, and
King on one enly.

A new and more wecurate method for determining total carotenoid
pigments in citrus juices 1s desceribed.

During the period of these observations (September to Mareh),
the early and midsenson oranges showed a gradual inerease in earot-
enciid pigments.  Valenein oranges {fate)r showed an increase in pig-
ment mm the juice up to Februsry or March, and this was usually
followed by a decline.

Seasoual changes in the mandarin tvpe of oranges for the most part
were stmilar to those in the sweet arange type, but the maadarin
varieties were mueh higher i earotenoid piements than other varieties.

Ripening in all varieties was eharacterized by an inecease in soluble
solids and in pH values, and o corresponding deercuse in total acids
and in ascorbic acid.

Other conditions being equal, oranges grown on sour orange root-
stock ~ontained higher pereentages of solids and of acids than those
grown on cough lemon stock, but the degree of pizmentation was
apparently not ailected by rootstnek.

The amount of carotenoid pigments in the juice generally varied
with the loeality in whieli the frutt was grown, there being a suggestion
that low pigment content was associated with soil of low fertility.

Degree of pignrentation in the juice was not an index of stage of
mntunt.\' nor always of quality.  The carly and midseason fruits were
marketable before attaining maximum pereentages of pigments, and
Valenciag were [requently marketed after decline had set in.
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