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Abstract—Vesicular lipids of 24 citrus cultivars were extracted and purified, and the esterified sterol glucosides
(ESG) separated from other vesicular lipids by chromatography. Fatty acids of the ESG were analysed by gas-liquid
chromatography as their methyl esters. Statistical analysis showed that five out of six citrus species or biotypes could
be differentiated from each other on the basis of profiles of the five major ESG fatty acids. Differences between mid-
and late-season sweet orange cultivers were detected. Small differences were observed between white- and red-fleshed
grapefruit cultivars. Profiles of the minor acids showed higher relative percentages of iso-branched fatty acids in
lemons and limes, and higher relative percentages of 12:0 and 14:0 fatty acids in mandarin and mandarin hybrids

than in other cultivars.

INTRODUCTION

Prior to 1970, limited amounis of dala were available
dealing with the chemotaxonomy of the genus Citrus.
During this early period, citrus chemotaxonomy essen-
tially involved only the essential oils [1] and flavanones
[2]. Since 1970 not only have these markers been further
explored [3-5] but polyphenol oxidase [6], peroxidase
isoenzymes [7] and lipids have also been investigated.
Lipids have included sterols, alkanes and fatty acids [8]
from the juice sac as well as alkanes from other tissues
[9,10]. We underiook to determine whether closely
related citrus species could be differentiated on the basis
of the fatty acid compositions of their juice-sac lipids.
We, therefore, separated and analysed four major classes
of juice-sac lipids present in six orange and two fangor
cultivars [11]. Differences among the fatty acid profites
prompted us to continue the research, using larger num-
bers both of species and of members within species. Thus
far, we have reported in depth on the acid profiles for the
triglycerides (TG) [ 12}, sterol esters (SE) { 13] and mono-
galactosyl diglycerides (MGDG) [14]. The fourth major
class of juice-sac lipids in citrus is esterified steryl
glucosides (ESG). To determine correlations between
ESG fatty acid patterns and citrus taxonomic classifi-
cation, we examined 24 citrus cultivars.

RESULTS AND DISCUSSION

Table 1 shows the composite ESG fatty acid compo-
sition of 24 citrus cultivars. Thirty-three C,,-C,, fatty
acids were detected, and their relative percentages ranged
from a trace (less than 0.1 %) to 46 %,. Generally, the fatty
acid profiles follow patterns observed previously for other
citrus lipids. The major five acids, namely, C .o Ci4.1
Cis.1 Cips and C 5, comprised a mean ESG fatty acid
value of ca879%;. This mean value is between values
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Table |. Fatly acids of esterified sterol glucosides from citrus
vesicular lipids of 24 cultivars (%)

Carbon Percentage Carbon Percentage
No. Mean Range No. Mean Range
12 Q.2 tr*~ 0.6 18 1.2 0.7- 1.9
13 0.2 tr— 0.7 18:1 333 10.6-458
14 0.5 0.2- 1.1 18:2 170  10.3-31.9
14:1 Q.1 tr— 0.3 18:3 72 4.1-16.6
15 0.5 0.2- 09  +19:2 0.4 tr- 0.9
15 0.6 03- 0.9 i20 0.3 tr—- 1.0
15:1 0.3 tr— 0.8 20 0.6 01-22
116 0.3 0.1- 1.4 20:1 1.1 0.2- 1.9
16 236 13.7-323 21 0.4 tr— 1.0
“16:1 6.2 2.3- 97 22 0.8 03 19
17 0.1 tr— 0.5 2211 0.5 0.1- L1
117 02 tr— 0.6 23 0.3 0.1- 04
F17:1 Q.3 ir— 0.6 24 1.1 04 1.9
17 04 20- 0.7 24:1 0.1 tr— 0.2
17:1 0.3 0.1- 0.6 25 04 tr- 0.8
118 0.4 0.1- 1.1 26 04 0.1- 0.6
t181 0.7 01- 22

* Trace, less than 0.1%.
+ Anteiso-branched.
+ Ispo-branched.

reported for TG [11,12], MGDG [11,14] and SE
[11,13]. The differences among TG, MGDG, SE and
ESG are apparently due to differences in the percentages
of C,,—C,, acids. We have found that ESG and SE
contain more of these acids than TG and MGDG, and
that SE contains the most [13].

As compared with SE [13], ESG contained a lower
percentage of total linear.acids but higher percentages of
C.0.15Cs,.y and C,,.,. Branched C,,-C, ; acids appeared
to be absent in ESG. An acid which does not follow a
specific pattern but which was found in relatively high
percentages as a minor acid in this study as well as other
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Tuble 2. Major fatty acids of esterified sterol glucosides from
citrus juice sacs (%)

Biotype/cuitivar  16:0 16:1 18:1 18:2 18:3

Mandarin

—ancy 20.6 6.6 40.0 12.1 56

—Clementine 199 7.4 458 10.3 50

—Ponkan 22.2 9.7 35.5 14.3 54
King 21.5 6.5 43.9 11.0 5.0
Meun® 2117 7.7 413" 12.0° 5.32

Tangor

—Murcolt 238 5.5 314 18.2 5.3

Tangelo

—Orlando 209 6.4 369 14.8 6.8

—Minneola 19.2 8.0 392 13.1 5.7

--Seminole 217 7.2 35.8 172 57

—TDaget 216 7.4 40.3 13.6 5.9
Mean* 209 7130 K A SV T O

Sweet orange

—Homosassa 273 5.7 353 13.8 59

—Queen 24.6 59 380 16.2 6.8

—Jalla 29.0 4.7 33.1 14.7 74

-—Lue Gim Gong 32.3 5.7 31.2 16.1 51
Mean* 28.3° 5.5* 34.4° 1528 g3

Grapefruit

~-Marsh 240 6.9 348 18.6 35

—Duncan 239 6.7 326 19.3 56

—Fosler 4.5 6.8 332 18.0 6.2

—Thompson 26.7 6.9 34.5 16.7 34
Ruby Red 27.5 6.6 328 17.5 5.7
Mean* 253" o8 335" 1807 AT

Lemons

-—Lisbon 259 2.8 15.1 231 16.6

—FEureka 25.0 23 10.6 319 16.5
Meun* 25.5°  24° 129 2754 1660

Sour limes

—Rey 26.4 55 210 20.7 9.7

—Persian 238 4.8 20.5 221 13.2
Mean* 25.1° 5.27 211 2148 11.8¢

Sweet lime

—Columbia 19.2 6.9 41.2 139 4.1

Mandarin hybrid

-—Rangpur 3.7 55 36.7 21.0 8.2

*a, b, ¢, d—Means in each column with diffcrent letters are
significantly different ut the 59 level.

tTangelo  hybrid  (Minneola
mandarin).

tangelo x Clementine

studics [8, 12, 13] is anteiso C |, ,. Linear C,,, , has not
been found above 0.1 % in other citrus lipids but was
present in ESG at percenlages about equal to those of
Cra0Ciso Crae Crapand Cpp 6. 150 C gy, C g g and
Cyy.0 are at aboul equal percentages. Iso C, ., appeared
to be the only iso, monounsaturated acid in ESG. As
observed from Table 1, the 33 ranges of values were large.
The ranges were greatest for the five major acids (Chy
Clﬁ:l’ Clﬁ;l’ CIH.‘Z’ Clﬂ:i’;)'

Table 2 lists the relative percentages of the five major
ESG acids for the 24 citrus cultivars. The bioiype sequence
(mandarin, tangor, tangelo, etc) in which fatty acid
patterns are discussed follows a sequence used previously
for peel [9] and leal [10] alkanes. The sequence also is
one of generally decreasing mean oleic acid content, as
reported carlier for the total lipids [8], TG [12], SE
[13] and MGDG [14].

H. E. NorDBY and S. NaGy

'The lour mandarins in the first biotype are morpho-
logically alike and. thus, were grouped together. The
percentage values of C ., and C, ., for these four
cultivars were not different at the 1 % level of significance
as determined by ANOVA. The low C,,., and high
C, 4., contents of Ponkan suggest that this cultivar might
be 1 mandarin hybrid. In support of this suggestion is our
observation [10] that the leaf-alkanc profile of Fmpress,
a chance seedling of Emperor {identical to Ponkan), was
closer to that of a tungor than of 4 mandarin biotype.

The tangele biotype consisted of three commercial
cultivars—Orlando, Minneola and Seminole. The other
tangelo, Page, is a cross between the Minneola tangelo
and the Clementinc mandarin. Fatty acid profiles of the
sced parent, Minneola, and sibling, Page, were similar.
Both, however, differed from Clementine and the other
tangelos in their C,, , and C,, , relaiive percentages.

Differences in fatty acid profiles among early-, mid-,
and lale-season fruit have been observed for citrus lipid
classes [11] and for MGDG's [14]. Of the four swect
oranges used in this study, three—Homosdssa, Queen and
Jaffa—are mid-scason maturing while the fourth - Lue
Gim Gong—is late maturing. In a preliminary study [11],
we examined oranges maturing in the early (4cvs),
middle (1 cv) and late {1 cv} seasons. When the profiles
of those six cultivars were re-examined with the four
profiles obiained in this study, definite trends were
observed, and the trends reflected the season of maturity.
The mean C, , values tended to increasc with lateness
of maturing season, ie. C,,, for early < mid < late.
Conversely, C,,.; and C | decreased in the order of
carly > mid > late. Differences in C,, , and C,,., with
respect to the three seasons were less noticeable.

The grapefruit cultivars cxamined included the Marsh
seedless and Duncan, and the pink-fleshed Foster,
Thompson and Ruby Red. ANOVA (1 3] level of signifi-
cance) showed the two flesh types to differ in their C |,
and C 4, values. Whether this difference is due to a
mutant influence or to some other factor, such as maturity
(as observed for sweet oranges), was not determined.

Previous studies showed lemons and limes 1o differ
appreciably from other biotypes in fatty acid profiles for
MGDG [14], TG [12] und SE [13]. Tabie 2 reveals that
lemons could readily be differentiated by their C,,,,.
Cig.ir Crg,; and C o, contents. Sour limes, on the other
hand, could be differentiated by their C,,., and C
contents, The high percentages of C, , in total lipids of
lemons and sour limes have been observed previously
[8]. Columbia sweet lime profile was quite different from
that of sour limes; it showed twice the C, ;| level and less
than half the C, ., level found in sour limes. These
biotypes also differed widely in C,; , and C, , of their
TG [12] and SE [13]. Columbia’s profile wus similar 1o
the mean profile for the mandarins; thus, the cultivar
might have some mandarin background. Rangpur
differed from the other biotypes in its very low C, .
Rangpur might be a hybrid of mandarin and sour orange
parentage [17].

Statistical analysis of the six biotypes revealed some
differenices in one or more of the five major fatty acids.
Mandarins and tangelos could not be differentiated from
each other bascd on their major fatty acid patterns, but
both could be differentiated from the other biotypes. Both
mandarins and tangelos had significantly lower percen-
tages of C, . . Previous studics have shown sweel oranges
and grapefruit to have similar fatty acid [8] and alkane
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[10] profiles. Exceplt for C, .., the ESG fatty acid percen-
tages of oranges and grapefruit were statistically nonsigni-
ficant and, therefore, could not be used to adequately
differentiate these two biotypes.

Minor fatty acid values may be used to help distinguish
the various citrus biotypes. Biotypes which contain some
mandarin parentage have relatively more C,,, and
C, 4.0 than the other biotypes. The three iso acids C, .,
Cia0 Cig singly and collectively, were present in
higher relative percentages in lemons and limes than in
the other cultivars. This has been shown in previous
citrus taxonomic studies {8, 12-14] as well.

The fatty acid profiles for esterified stercl glucosides
in juice sacs of 24 citrus cultivars were analysed. and most
could be grouped according to citrus biotype. These
biotypes could, in turn, be arranged sequencially, accord-
ing to a general decrease or increase in the level of each
of the five major acids. This sequence is similar to that
used previously for citrus peel [9] and leaf [10] alkanes.
The similarity in trends supports the postulate that both
fatty acids and long-chain hydrocarbons are synthesized
and deposited in citrus in a systematic and highly repro-
ducible manner. Also, some idea of a citrus cultivar’s
background might be obtained if its fatty acid profile is
compared with profiles for citrus fruit of known paren-
tage.

In recent studies conducted atour laboratory [18], we
have shown fatty acid profiles of citrus fruit to change
during the maturation of the fruit. In this study, all
samples were collected when mature from Florida groves
(Eureka lemon from California) over a period of 1 year.
At present we do not know whether the same profiles
would be obtained from these cultivars grown in different
years or at other locations around the world, where
maturation times differ from those in Florida.

EXPERIMENTAL

Isolation of vesicular lipids. The majority of citrus cultivars
studied (20 of 24 cvs) was obtained from Whitmore Foundation
Farm (U.S. Hoerticultural Research Laboratory, Orlando, Fla.).
Thompson grapefruit was from Adams Citrus Nursery, Haines
City, Fla., while Key and Persian limes were from USDA groves
at Homestead, Fla., and Ft. Pierce, Fla., respectively. Eureka
lemon was from a local market. All grove samples were collected
at the time of their respective peak maturities. Fruits of the 24 cvs
were cut in half and the intact juice sacs (vesicles) were carefully
separated from core, peel, seeds and carpellary membrane with
the aid of a citrus spoon. The samples were freeze-dried to pow-
ders and the lipids extracted from these powders as previously
described [11]. Each cv sample was run in quadruplicate.

Chromatography and fatty acid methyl ester preparation.
Purified vesicular lipids were separaied into neutral lipids, glyco-
lipids and polar lipids by silica gel column chromatography [11].
The glycolipid fraction was eluted from the column with 200 ml
Me,CQ: then it was streaked onto (.5 mm thin layers of silica
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gel G and developed with CHCl,-MeOH (17:3) [11]. The ESG
band, visualized with Rhodamine 6G under UV light, was scraped
from the plate, eluted with CHCl,-MeOH (1:1), concd to dry-
ness and transmethylated [ 15] by reaction in a sealed acetylation
tube with 4 ml 0.5SN dry HCl in MeOH for 22 hr at 75° [11].
Methyl esters were purified on 0.25 mun layers of silica gel with
CgH,-hexane (7:4) [11].

Quantitation. Fatty acid methy}l esters were analysed onan FID
instrument equipped with a glass column, 3.05m x 0.4 mm,
packed with 39 SP-1000 on 100/120 mesh Gas Chrom Q with
He at 55 ml/min. The optimum temp. program was 180-204° at
2°/min, then 204-2 (P al 1°/min, then 210-230° at 20°/min and,
finally isothermal at 230° until C,,, was eluted from the column.
The fatty acids were identified by their retention times, as com-
pared with those of standard linear and branched-cham fatty
acids [11]. The percentages were calculated with the aid of an
Autolab Sysicm IV computing integrator. The values represent
the mean of one or more GLC determinations on each of four
separate tissue juice sac extractions. Coefficient of variation (CV)
determined for several mean ranges {MR) showed the following:
MR 0.1-1.0, CV 5-10%,; MR 1.0-5.0, CV 3-5% and MR above
5.0, CV less than 29, Analysis of variance (ANOVA) and a
Duncan’s multiple range test, adapted for unequal sample sizes
[16] were run on ¢ach CV within a specific biotype and between
biotypes.
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