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The quality of Valencia orange peel
oil as related to rootstocks

J. W. Kesterson and R. J. Braddock, Institute of Food and Agricuitural
Sciences, Agricultural Research and Education Center, Lake Alfred, FL, and
M. Cohen, University of Florida, Institute of Food and Agricultural Sciences,

Fort Pierce, FL

In the early stuges of the Florida citrus industry,
Hood reported wide variation in quantity of rind oil in
several Florida citrus eultivars. 19 DeVillers later re-
ported that the navel oranges in South Africa con-
tained less ofl than Valencia oranges.® Felin, working
with Spanish sour oranges, found that oil eontent de-
ereased progressively during the growing season in
relation to both {ruit weight and surface area.$ Bar
tholomew and Sinclair expanded these findings by re-
porting that microenvironment and climate influ-
enced peel oil content and that the stylar end of the
{ruit contained more oil than the stemn end. ! Also, oil
viell was velated to fruit size on a weight basis and
small fruit contained more oil than large [rnit due to
an increased sarface area of small fruit,

Koesterson and coworkers differentiated citrus

species and varieties by gas liquid chromatography of

leaf oils. ' Scora and Bitters showed that rind oil var-
ied widely with the position of the iruit on the tree
and {ruit maturity.'® Hendrickson and coworkers in-
dicated that the quantity of peel vil in Florida Valen-
cia oranges increased per given unit of surface area as
well as per unit of fresh weight as the fruit matored. ®

Also, the larger the fruit the greater the quantity of

peel oil per unit of peel area.
Hendrickson and coworkers demonstrated that

budwood had an influence on the peel oil content of

Valencia oranges, and that rootstocks did not appear
to offer the same potential for increased oil yield as
did budwood selections.® Bitters and Scora studied
the effect of twenty-five diflerent rootstocks upon the
amount and composition of oil in the rind of Vulencia
oranges.? They found that the amount of oil produc-
tion was influenced more than the composition of the
terpene ractions. Drescher and coworkers stated that
rootstock had no influence on the oil content of Bearss
lerons, and that budwood selection conld increase
the vield of peel oil.® Kesterson and coworkers
showed that rootstock could influence the aldehyde
content of orange o0il.12 Kesterson and coworkers
showed that by proper selection ol hudwood the peel
oil content of lemons could be increwsed, rootstock
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had no significant effect on il vield, and eoltural prac-
tices such as fertilization and irrigation could also in-
fluence pecd oil content. ™ Scora discussed the use of
volatile oil components in the taxonomy of lemons2?
and Kesterson and Braddock showed the total peel oil
content for thirteen Florida citrus cultivars. 1 Kester-
son and coworkers demonstrated that the essential
nutrient nitrogen increased o1l vield while potassium
decreased the oil content of Pineapple oranges. 13
Kesterson and Braddock discussed the influence of
cultural practices and seion and rootstock selection on
citrus peel oil production. 1® Ortiz and coworkers used
leaf ind rind oils as criteria for establishing the taxon-
omy of the sour orange group. 1 A diurnal study of the
leat oils showed considerable variation in the volume
of essential oil with a minimum at 0200 h, Malik and
Scora used the essential leal oils to distingnish be-
tween rough lemon and the true lemons, 17

There are lew references in the literature dealing
with the influence of rootstock on the quantity and
quality {chemical composition) of peel oil. Most
studies have been conducted on distilled vind or dis-
tilled leal oils. Consequently, this experiment was de-
signed to show the influence of rootstock on commer
cially prepared expressed orange peel oil,

Experimental

The composition of Valencia orange oil as related 1o
rootstock was studied using trees on rongh lemon,
sour orange, trilolinte orange, Cleopatra mandarin,
Rangpur lime, and Parson Brown sweet orange
rootstocks, Fruit from trees on irifolinte orange and
Rangpur lime came from trees propagated from a
single budwood source tree. Trees on the other
rootstocks were propagated from two source trees,
aue of which was the same as that nsed tor tritoliate
orange and Rangpur lime. Trees were planted in De-
cember 1950 as a rootstock experiment in a replicated
and randomized pattern. The planting is located at
the Agricultural Research Center, Fort Pierce,
Florida, on Parkwood soil and has received standard
commercial care.® Ten box lots of fruit (900 1hs) were
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harvested equally from all plots for each rootstock
source on April 1, 1978 and April 1, 1979, The fruit was
processed using a FMC juice extractor to fractionate
the fruit into its various components and at the saine
time produce cold pressed peel oil samples.

Total peel oil content of the fruit was determined in
aceordance with the procedure of Hendrickson and
coworkers.8 The values for refractive index, optical
rotation, speeific gravity, aldehyde content, evapora-
tion residue, and ultraviolet absorption of the peel oils
were determined in accordance with the procedures
of the United States Pharmacopoeia (U.S.P.).2! The
percent free acid, percent free ester, and percent free
alecohol were determined with the procedures given
by Guenther.? In making ester determinations it is
necessary to first remove the aldehydes because they,
too, will consume caustic during saponification, vield-
ing erroneously high results.

Results and discussion

The physical and chemical properties of expressed
Valencia orange oils prepared during the 1978 and
1979 processing seasons from six different rootstocks
are shown in Tables T-VI. These oils generally met
U.5.P stundards except in some instances where the
refractive index values and evaporation residue values
were slightly below the tower limits. Evaporation res-
idue values were consistently high during the 1879
processing season. Differences of this nature are to be
expected when working with biological crops and
small oil lots. However, all of the oil samples were
considered to be representative of those produced
commercially. Average values for the 1978 and 1979
seasons combined met all U.S. P standards.

Data collected on the processed fruit were as fol-
lows: °Brix of the juice, % acid content of the juice,
juice ratio, gals juice/box, lbs juice/box, Ibs soluble
solids/box, total peel oil content—Ibs/T" fruit, % al-
dehyde content, acid number, % frec acid content,
ester number before acetvlation, % free ester con-
tent, ester number after acetylation, % ester after
acetvlation, % free alcohol content, and % total al-
cohol content of the oil. These data were analyzed for
statistical differences and five of the above parame-
ters, °Brix of the juice, Ibs soluble solids/box, % al-
dehyde content, ester number before acetylation, and
% tree ester content, were significant at the 1% level.
Fruit from trees on trifoliate orange and Parson
Brown had the highest °Brix of the juice and Ibs solu-
ble solids/box, whereas those from trees on Rangpur
lime and rough lemon had the lowest values.

In our studies, rootstock had no significant influ-
ence on the total gquantity of oil produced in the peel
of Valencia oranges, confirming findings by Hen-
drickson and coworkers® and Drescher and cowor-
kers® in Florida, but in contrast to a report by Bitters
and Scora? on Valencia oranges in California. Only
two chemical components of the expressed Valencia
orange oils, % aldehyde content (Table VII) and %
free ester content (Table VIII), were shown to differ
significantly by rootstock within a given processing
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Table 1--Physicochemical properties of peel oil sxtracied fron

tne lruit of Valencia vrange oo rough lemon roolslock during

tne L9378 and 1479 processing scasous

14978 1979 Avyg.
Sp. Grav. 25°0/20%C 05439 0. Bhi 0. B442
) g ,
Ref. Lo N 1.4728 14727 14778
10% dist. 1.471h 1.4718 14717
Wi Feevence 0.0012 0, 0004 0. o0L
25
dpL. Rel. 0“8 +47.43 +96,79 +97.11
109, disr. +9H. 13 97t 497,49
Difference + T + 0.85 + 0.7
Evap. Residue 50,1 2.0 51,1
V. SpoctTum:
fon U.435 0. 364 0.400
Puak 0. 695 0.9565 0. 630
. 3240 328.0 08,5
- Aldenyde 1.78 1.72 1.7%
W - Free potd 014 0.07 0.1l
¥ - Froe Ester v, 719 0,76 0,78
% - Fren aleehol .69 046 0.l

Table #--Phvsicechemical properiies of peel oil extirdcted Frox

(he fruit ot Valencia erange oo Cleopatva raststock during the

1978 and 1979 processing seasons

1374 1970 Avi.
Sp. Grav. 25°0/25°C Q. BAL 0.8431 G. 84473
. ?8 - -
Ref. Tud. N 1.4728 1.4729 1.4729
10% dist. L4717 1.4718 L.4718
nifference 0.0011 Q. 00L1 0.0011
23 4 5 1
OpL. Rat. ar +97.46 +9h. 80 +57.1%
10% dist. +yi, 14 7. Th +47. 94
pifference + D68 + (G4 + 0.81
fvap. Residue 447 56.7 St 7
V. V. Spectrom:
< 0. 4k8 (.40 0,447
Peak 0. /40 0. 625 0. 683
M 790 329.0 124.0
% - Aldehyde L. 54 1.57 1.36
% - Free Auid .13 0,10 .32
T - Free Ester (.61 0. 69 0. 6%
% = Free Alcohel 4.487 0. 84 .76

season. When duta were combined for two processing
seasons, sour orange, rough lemon, Rangpur lime,
and Parson Brown rootstock were equal in the pro-
duction of aldehydes in the essential oils. The highest
ester content was in the peel oil from fruit on rough
lemon.

The aldehyde and ester content of citrus oils have
long been considered important indicators of flavor
and aroma, and rootstocks can have an influence on
this important quality of an orange oil. However, the
limited amount of data accumulated regarding the in-
fluence of rootstock on oil quality and yield indicate
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Tuble 3--Physicovhomical propertivs of peel uil extracted Srom

the Eruil ob Valensia alange on sour artange roulstock dut ing

e 1979 aud 7Y processing seddons

JUuTH 1979 A
ES [ PR MR 06823 1643 0. 8429
Rl
Relo tad. W L.arid Lodedd7 L.grr?
IIFENERI Loadin Laiie L4716
[EEN S FRR T ool 0.00n1 GO0
Opl. ot - n G 194, &5 +97.07
Loy slisr, +97.70 +97.71 +47070
Uidlerenee + Doy FoL0y + 0.71
Fvap., denidin Al.4 X G107
ULV Spectrume
v .4ls 0,604 0,411
Poak [UREEE) 0. 604 . 632
M. 3240 1290 329.0
L= Aldebyvde L7 [99:32 L
Co= Froe acid a1z G.09 031
CoFTee Later [T [FRE Y G.ol
Lo Feee Aleoluol [ 4,91 0.83

Tavle G- Phy-ilvvche i

L prepertins of puel o1l exleas led froo

Pl Froit ol waluneia orarpe on Prifoliate Lralge LOOENLACK

dnling the Y aad 1909 procoessing scasuns

Lis Luzg Avi.

Speocrav. 29700000 AN 0. 8450 0. 8445
Bedo Ll 3 iq ATy L4728 1,472y
Lo st Loaily 1 4716 1.4717
Bilerenc [N hey (. 0012 0.0012
Upt. Rol. . ’Ili 197,03 +46. 04 +U. Ly
LU Gt +97.497 +537.76 +97.87
DLEferenes E AT + 1.12 + 0.71%
Frap. Residie 42,1 RS 49,3
How. specloum:
oD SREE 0,423 0,430
Pealk 0690 ). 659 Q. bhS
R EED ] 32900 3280
Lo Aldehvde LAy 1.5% L4l
- Froee acidl 0.1 0.L0 0. 11
Lo Frew Esler G.hE .62 0,63
- Lree alesiol .47 0. 74 O.8h

other varieties and rootstocks of citrus.
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Table 5-~pPhysicochemical propeveics ef pec) wil extrvacted trog
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H
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10 dist. La716 14717 18717

Di f Furence 0.6011 0. 0008 0. 9010

27 N

Upt. Rot. . D 197,34 6,80 +97.07

L0% dint. 97,78 44759 KA

Ditlerency b0k 10,79 +o0.62

Evap. Residuc 40,3 49,3 [
0.9, Spectrum:

an 0412 0.983 0. 194

Peak 0. 045 0. 560 0. 503

M 1290 9.0 32,0

% - alduhyde 1.73 1.76 1.7%
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Table 7--Influence of reotstock un the aldehyde content of expressed

Lpatpide 1 e
ek . Fk _ e
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:_ —
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e e o
ok ik
Rough leman G790 a 0.755 a 0.772 A.
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