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Abstract—Six cultivars of satsuma mandarin—Kawano Wase, Owari, Silverhill, Foley, Sugiyama and Nobilis-
—were examined for content of saturated and mono-unsaturated long-chain hydrocarbons in their juice sacs.
Linear hydrocarbons accounted for more than 537, of the saturates and more than 87% of the monoenes. In
the saturated fraction the major linear hydrocarbon was C, s while in the monoene fraction C,5 and C,4 predo-
minated. The ratios of linear/iso C,; and C, saturates were greater than in other citrus previously investigated.
Kawano Wase had profiles quite different from the other cultivars. Foley and Owari can be differentiated from
the other cultivars by their linear monoene profiles. Long-chain hydrocarbon profiles intrinsic to the mandarin
species, C. unshiu, were compared with profiles of non-mandarin species.

INTRODUCTION

Taxonomically mandarins are one of the most
complex citrus fruits, They have been defined as
‘including all highly pigmented oranges having a
peel which is easily detached from the juice seg-
ments’ [1]. The Japanese citriculturist, Tanaka,
recognized 36 species of mandarins [2] while the
American systematist, Hodgson, divided the man-
darins into four species [1], viz nobilis, deliciosa,
reticulata and unshiu.

This study is concerned with satsuma mandarin
cultivars, viz Owari, Kawano Wase, Silverhill,
Foley, Sugiyama and Nobilis belonging to the spe-
cies, Citrus unshiu. The Owari satsuma is of un-
known origin but is believed to have originated in
Japan and was introduced into the United States
more than 50 years ago [1]. Kawano Wase is a
budsport of Owari imported from Japan in 1921.
Silverhill, a nucellar seedling of Owari, introduced
about 1931 [1], is the most commercially promis-
ing satsuma in the United States. Foley, another
variation of Owari, was propagated in Southern
Alabama in the early 1900’s [3]. Sugiyama a bud
variation of OQwari [ 1] was imported from Austra-
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lia. Nobilis, imported to the United States in 1934
from the U.S.S.R. has unknown parentage.

In recent years we have carried out extensive
chemotaxonomic studies on citrus lipids. These in-
vestigations have included the profiles of fatty
acids [4-9], sterols [10,11] and long-chain hydro-
carbons [12-18]. Because each citrus species
appears to have its own intrinsic pattern of long-
chain hydrocarbons we have studied these most
extensively. The present study was undertaken to
determine if specific hydrocarbon patterns in
Citrus unshiu might be useful in distinguishing this
mandarin species from other citrus species.

RESULTS AND DISCUSSION

Table 1 shows the yields of total juice sac lipids
for the six satsuma mandarins. The total hydrocar-
bon fraction represents 1-6-2-1%; of the total juice
sac lipids. A breakdown of the saturated and
mono-unsaturated hydrocarbons shows that these
two groups represent 1-3-1-8% and 0-2-0-5%; of the
total lipid content, respectively. Ratios of saturated
to mono-unsaturated hydrocarbons ranged from
29 (Kawano Wase) to 9-7 (Foley). The 2-9 ratio for
Kawano Wase is similar to ratios for Dancy (3-1)
[16] and Honey (2-9) [ 19] mandarins of the species
reticulata.
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Table 1. Total lipid and hydrocarbon concentrations of satsuma juice sacs (mg20 g dry wt)

Hydrocarbon fraction

Ratio
Cultivar Total lipid Total Saturated Monoenc Sat.-mono.

Kawano Wase 188 + 7 394 01 29 4 O -0+ Ol 29
Silverhill 242 + 11 49 4 02 43+ 02 06 + 01 72
Owari 217+ 4 42 4+ 01 37 4+ O 5 + 04 74
Foley 187 + 8 32402 29 4+ 02 O3+ 01 97
Sugivama 246 + 14 504 02 43 4+ 02 07 + o1 61
Nobilis 170 4+ 22 27 4 22 4 01 05+ O] 44

Table 2 shows the saturated long-chain hydro-
carbons in the six satsumas according to their
linear, iso- and anteiso-structures. The average per-
centage of saturated linear hydrocarbons is 57-8°;
the minimum was 53%,. This high percentage of
lincar hydrocarbons was observed previously in
three lemon cultivars [17], sour limes [15] and
Dancy mandarin [ 16]. Kawano Wase with a value
of 67-2%, is similar to that observed for Dancy
mandarin (65:3°) [ 16]. Odd-numbered hydrocar-
bons account for most of the linear saturates: C,,
and C, 5 were the most prominent as observed pre-
viously in other citrus fruits. The percentages ol
lincar C,; saturated hydrocarbon ranges from
11-:9%, (Foley) to 14:6%, (Sugiyama); the same
ranges have been reported for grapefruit [14] and
tangors [12]. The range of lincar C,< in satsumas

is much broader. i.e. 1817, in Nobilis to 26-2°

2%, in
Kawano Wase. Only Dancy mandarin (19-5%)
[16] and the Temple x Kinnow mandarin hybrid
(185%,) [12] had been reported to have such high
percentages. Apparently a high percentage of
linear saturated C,5 may be a good ndex of man-
darin parentage. Previously we reported that the
linear saturated C,;/C,s ratios showed ranges
which were intrinsic for cach citrus species [ 13,15].
These ranges were: (. sinensis (sweet oranges,
105 1-34). C. paradisi (grapefruit. 0-85 094), C.
limon (lemons. 0-30 0-47), C. wwruntifolia and (.
latifolia (sour fimes, 0-38-0:39) and C. rericulata
(mandarins, 0-62-0-69). In this current study sat-
suma C,3/C,5 ratios varted from 0-50 (Kawano
Wase) to 0-81 (Sugivama) with an overall average
of 0-66. If the two mandarin specics. reticulata and

Table 2. Saturated long-chain hydrocarbon profiles of satsuma juice sac (wt”)

Carbon number

Odd-numbered

Even-numbered

Totd Tond

Cultvar 21 23 25 27 29 3 iR 35 20 22 24 26 2 30 32 Mo oddnos evennos s Total
Lineur
Kawano Wase 030 1311 2618 927 246 (R85 008 aroo008 124 634 3330 137 063 Arfs u 82238 1494 6719
Silverhill Udd 1423 1947 494 18T A 09 1 010 S8 609 201 0oy 052 030 006 427N §233 AR
Owart 040 1410 21:83 51N 139 069 042 it 030 14t a4l 339 (3R 045 028 i 4374 P07 366K
Foley 221890 2347 608 0 203 135 023 u 010 103 693 377 (0K 3% 027 ir 4548 AN SO0
Sugivima 057 1463 1811 470 IS 0L o t 012 1aY 638 316 06l 136 (iR 1 070 1249 53:28
Nobifis D57 1216 105 610 208 080 007 tr 19 R 653 399 12N 64 teid tr 4093 1430 BRI
Avg Lincar 043 12352 2119 605 194 104 0rin tr 015 1446 645 3740 092 [RSR A tr 4432 PRy TN
{so-branched
Kawano Wase t 413866 430 102 020 I8 + tr 028 (093 031 1R3K [ IR 1N 232 20063
Silverhill 04 664 948 323 086 021 tr 06 020 162 oy 024 1] tr I 20440 2yl REIRN
Owari 0-04 7591065 420 101 033 tr tr QL3 P35 0R0 0 03 016 003 2382 BN 26060
Foley t 620 1237 367 8K 02X tr tr 002 B9 6 034 000 254 24T 2NN
Sugivamu 002 794 935 311 OR1 017 tr O 004 171 090 022 [ A EVR] 2140 MUy 2440
Nobibis 002 041202 423 110 023 r o 007 13 21T 039 020 i 2474 34 08
Aveg o 0-02 661 1042 379 (95 024 Ir GO 012 147 087 034 Ord 002 202 M 2RO
dinteiso-hranched
Kawano Wase r tr 076 036 0300 002 tr tr t 353487 1N0 Odd 00 144 1074 PN
Stheerhill tr tr 49 071 018 007 1t 00 009 799 791 237 048 019 tr 245 1904 iy
Oward s e 170 090 024 008 tr 1 007 594 33 178 O33R (2 292 P3N0 1072
toley u tr 118 050 09 Iy tr 01 S44 5300 127 (29 " 177 1231 1408
Sugisama r tr 172092 021 006 tr ti 004 #6069 Tt 229 ot 0l 2at ty-3R 2
Nobilis tr tr 040 075 034 003 v G 004 600 6t7 195 06l 0t 32 SN (I
Ava. dnteiso tr tr 21 069 023 004 tr tr 004 626 023 19l 047 04} A 1503 e

* Trace, less than 0-01%,.

+ Not detected under GLC parameters but may be present below 00019,
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unshiu, are combined the C,;/C,5 ratio range of
0-50-0-81 would still be different from other citrus
species. Totals of even-numbered linear hydrocar-
bons ranged from 12+4 to 1499, with C,, and C,,
paraffins predominating.

About one-fourth of all satsuma saturates have
an iso-branched structure consisting of 87-89%;
odd- and 11-139% even-numbered paraffins. The
major iso-branched paraffins are C,;, C,s and
C, 5 collectively these three comprise ca 84%; of all
iso-branched paraffins. Kawano Wase appears dif-
ferent from the other five satsumas by showing
lower percentages for iso-C, 5, -C, 4, -C, s and -C,,..
The percentages observed for odd-numbered, iso-
C,3. -Cs5, -C,5, and -C,4 can be used to differen-
tiate satsuma mandarins from sweet oranges
[12,13,18], grapefruit [14], lemons [17], limes
[15], tangors [12] and tangelos [16].

Satsumas vary considerably in their saturated
anteiso-branched paraffin content with a range
from 12-2 (Kawano Wase) to 22-3% (Sugiyama).
This difference is due primarily to the differing
levels of C,, and C,,. In contrast to iso-branched
paraffins where odd-numbered structures predo-

minated, anteiso-branched paraffins show a pre-

dominance of even-numbered structures. The
anteiso group shows relatively consistent percen-
tages for even- (83-91%) and odd-numbered (9-
17%) structures. The three major anteiso-branched
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paraffins are C,,, C,, and C,4. The anteiso C,,/
C,, ratio for the six satsumas range from 0-72
(Kawano Wase) to 1-14 (Sugiyama) with an overall
average of 0-99. This range may be useful in dis-
tinguishing satsuma mandarins from sweet
oranges (1-21-1-76) [12,13,18] lemons (0-40-0-72)
[17]. sour limes (0-37-0-50) [15] and tangelos
(1-44-1-61) [16] but does not appear capable of dif-
ferentiating satsumas from grapefruit (0-93-1-17)
[14].

Scrutiny of the ratios of linear C,5 and C,5 to
iso-C,; and -C,5 reveals some interesting com-
parative data. The average ratios of linear C,;/iso-
C., and linear C,s/iso-C,+ are 2-05 and 2-03, re-
spectively. With the exception of Nobilis with a
linear C,/iso-C, 5 ratio of 1-50, all satsumas have
ratios greater than any of the other citrus species
previously examined except Dancy mandarin.

Table 3 shows the mono-unsaturated hydrocar-
bons present in satsuma juice sacs. Linear alkenes
account for 87-6 (Foley and Nobilis) to 97-4%
(Kawano Wase) of these hydrocarbons. This range
is 10%, higher than that of other citrus species
except grapefruit (87-6-95-0) [ 14] and Dancy man-
darin (98:0) [16]. From 89 to 94%, of these linear
hydrocarbons are odd-numbered, the major com-
pounds being in the C,; to C;; range. The average
percentages for the six major odd-numbered linear
monoenes, 1.e. Cy3. Cy5, Cy7, C,y, Cy,, Cyy are 7,

Table 3. Mono-unsaturated long-chain hydrocarbon profiles of satsuma juice sacs (wt%)

Carbon number

Odd-numbered

Even-numbered

Total  Total

Cultivar 21 2328 27 29 31 33 35 20 22 24 26 2N 30 32 34  oddno. even no. Total
Linear
Kawano Wase 020 1-78 989 1167 3276 3321 213 o 018 032 054 096 099 202 076 tr 91-64 577 97-41
Silverhill 003 852 2440 1797 1827 1233 138 tr o (039 226 214 1117 100 019t 8290 715 90-05
Owari 008 1113 2345 1826 1627 1458 163 tr w037 69 215 117 174 045 tr 8540 757 9297
Foley 015 336 2674 2011 2224 537 093 tr 035 0 048 249 260 1445 088 025 tr 7880 8:50 8730
Sugiyama 005 90f 1924 1538 2226 1828 (97 o 009 035 158 173 098 1113 034 tr 86:19 620 9239
Nobilis 012 819 20:77 1364 1918 1714 102 r 041 08 257 204 178 108 051 tr 8006 925 89-31
Avg. Lincar 011 700 2075 1617 21:83 1680 1-51 tr 017 046 186 1994 126 1131 042 8413 741 9157
Iso-branched
Kawano Wase tr 015 064 039 0Ot tr - 006 006 007 001 tr -~ 1-29 020 149
Silverhill tr 076 228 115 050 017 007 tr tr 018 021 tr tr - 493 0-39 532
Owari tr 060 1-53 101 037 035 u tr tr tr 1 tr tr tr 386 r 386
Foley 011 020 395 179 055 051 008 o 015 033 tr tr — 711 0-56 767
Sugiyama 002 06 165 081 035 010 tr 003 001 015 tr tr tr 354 019 373
Nobilis 004 056 249 205 023 075 o1 007 019t tr tr r 612 037 6-49
Avg. Iso 003 048 209 120 035 031 tr 005 001 12 010 tr tr tr 448 029 476
Anteiso-branched
Kawano Wase tr 006 012 013 r 004 005 014 045 008 tr 003 — 03t 079 110
Silverhill tr 007 042 01 o tr - tr tr 117 290 034 013 009 0-60 403 463
Owari o 020 03 021 006 w003 054 1129 036 006 004 - 0-85 232 317
Foley tr 029 046 1 r tr tr 008 016 044 299 049 012 tr 075 4-28 503
Sugiyama 00t 012 033 017 tr tr 003 003 09 171 040 013 005 0-63 325 388
Nobilis 008 018 043 [ tr tr 19 ot 100 1-09 074 038 tr 0-69 351 420
Avg. Anteiso 001 05 036 010 tr tr 006 006 070 161 044 014 004 - 064 303 367
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21, 16, 22, 17 and 1-5°. respectively. Some culti-
vars deviate considerably from these averages, e.g.
C,; for Kawano Wase and Foley show one-half
the average C,; value (79,) while Owari shows
twice this average.

I'so-branched monoenes comprise between 1-4
and 77, of the total monoene fraction. Of this
group, odd-numbered iso structures comprise 87
1007, while ¢ven-numbered iso monoenes ranged
from a trace to 13°,. The Owari satsuma is notice-
ably different from other satsumas in showing pre-
dominately odd-numbered iso monoenes and only
a trace of even-numbered iso structures. The two
major iso monoenes in all satsumas are C,5 and
C.5.  .timeiso-branched  monoenes  comprise
between 1-10 and 5037, of the total monoene frac-
tion. The percentage distribution of anteiso
monocnes is essentially the reverse of the iso-
monoenes, te. even-numbered > odd-numbered.
Even-numbered anteiso monoenes ranged from 72
(Kawano Wase) to 87% (Silverhill) and odd-num-
bered anreiso monoenes from 13 to 287, The four
major anteiso monoenes are C, 4, Cy5, Copand Cy g
with C,, predominating.

Satsuma long-chain hydrocarbons can generally
be distinguished from those of non-mandarin
citrus species. However, cultivars within the unshiu
species except for Kawano Wase are not easily dif-
ferentiated. Foley and Owart can be identified
from their lincar monoene profiles. Nobilis has the
only low saturated linear/iso C,5 ratio (1-:50%).
Profiles of Silverhill and Sugiyama do not have
any differentiating characteristics. The long-chain
hydrocarbon profiles of Kawano Wase resembles
those previously published for Dancy mandarin
[16]. The question as to whether long-chain hyd-
rocarbon patterns of C. unshiu can be used to dis-
tinguish this mandarin species from other man-
darin species is still to be answered.

The odd/even n-alkane ratios reported pre-
viously for citrus juice sacs [12-18] and the ratios
reported herein range from 2:6 to 9-8. This range.
which is distinctively low for flowering plants [20-
26]. 1s undoubtedly due to the high level of even-
numbered n-alkanes and branched alkanes present
in citrus. Generally, for higher plants the major
hydrocarbons are C,,, C;, and Cs; [20]. Citrus
juice sac alkanes are unique in that C,; and C,;
predominate. Recently four species of moss [27]
and threc species of the genus Balanites [28] also

have been reported to contain predominant
amounts of C,, and C,5. The range of odd/even
alkane ratios for the moss is quite similar to those
of citrus. Herbin and Robins [29] have reported
that internal arca of leaves contained more even-
numbered alkanes than the external portion. The
cuticular wax of the cranberry has an alkane pat-
tern characteristic of plant cuticular waxes [30]:
however, the major atkanes in the seed of the cran-
berry [31] are all even-numbered with only minor
amounts of the common C,- and C,, n-alkancs. In
citrus however. there is no difference in alkane pat-
terns between internal parts of the fruit (Juice sacs)
and the external parts (peel oil) [32].

In most plants branched hydrocarbons are
usually minor alkanc components: however. in
some e.g. tobacco. they may range up to 50, [25].
The branched alkanes are predominately odd-
numbered and the even-numbered alkanes are vir-
tually absent in tobacco. Citrus fruits are unigue in
having both iso- and anteiso-branched structures
of both odd- and even-numbered hydrocarbons.
Mono-unsaturated alkenes are found in a number
of higher plants including sugar canc and roscs
[33]. Citrus. like these two higher plants. contain
major amounts of C,5 (. Cay o Cay g Cag e

EXPERIMENTAL

Isolation and purification of satsuma juice sac lipids. Samples
of mature Sugivama, Silverhill. Nobilis, Owari, Foley and Kaw-
ano Wase satsuma mandarins were obtained from Whitmore
Foundation Farm (U.S. Horticultural Research Laboratory.
USDA. Orlando. FL). The fruit were cut in half and the intact

juice sacs {vesicles) carcfully separated from core. peel. sceds

andcarpellary membrane with the aid of a citrus spoon. The juice
sacs were freeze-dricd to a powder (moisture content no greater
than 4°;) and stored at -- 18 untl pids were extracted. Lipids
were extracted from 20 g of juice sac powder with distilled
CHCl; and MeOH by a method described for total juice sac
powder [34]. Quadruplicate extractions were made on single
batches of fruit from ecach cultivar and were purified on
Sephadex columns [34].

Column and TLC. Columns. 049 x 30 cm. containing 10 ¢
Merck. 70--325 mesh silica gel were washed by clution with 100
mi distilled CHCl;. The total purified lipid (¢ca 140- 200 mg) was
dissolved in distilled CHCly and percolated into this pre-
washed column. Neutral lipids were eluted with 200 ml distilled
CHCl,. The neutral lipid fraction was concentrated to a small
vol. and streaked on precoated silica gel G plates (20 x 20 em,
500 pm). The plates were developed at room temp. in hexane
Et-O (9:1). The band corresponding to the long-chain hyvdro-
carbon and containing a portion of overlapped carotenoid
esters was scraped from the plate and eluted with Et.O. This
fraction was in turn restreaked on a AgNO;-impregnated silica
gel G plate [4] and developed in 2%, Et,O in light petrol (30
60" boiling range). which separated the saturated and mono-un-
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saturated hydrocarbons leaving the carotenoid esters at the ori-
gin. These two hydrocarbon fractions were eluted with Et,O
and dry wts taken. The monene fraction was dissolved in 1 ml
hexane and hydrogenated in a Parr apparatus with 10 mg 109,
Pd-C catalyst under 50 Ibs/in® at room temp. for 1 hr.

Quantitarion. Hydrocarbons were analyzed by GLC with an
F & M Model 7610A FID GC. The analyses were determined
on a glass column (3:05 m length and 4 mm i.d.) coated with
3%, SP-1000 (Supelco. Inc., Bellefonte, PA) on 100-120 mesh
Gas Chrom Q. The injection port was at 265" and the detector
at 275", He flow was 80 mi/min at 40 lbs/in?. The sample (1-5-
4-5 j representing 1-10%, hydrocarbon in hexane) was injected
on-column at 160" and programmed at 4°/min for 3 min, 2°/min
for 19 min, then 4°/min up to 260" and finally held isothermally
at 260" until the C,5 hydrocarbon eluted from the column.
Quantitative measurements were obtained with an Autolab
System IV computing integrator for chromatography. Quanti-
tative mixtures of hydrocarbon standards were prepared to ver-
ify the linear response of the FID as well as the computing inte-
grator. Representative hydrocarbon samples from previous
studics [ 14,16] were also injected to correlate data obtained by
disc integration quantitations and by triangulation with the
computing integrator data presented in this study. Each value
shown in Table 2 and 3 represents the mean of 5-10 determina-
tions. The coefficient of variation (CV) for several mean ranges
(MR) showed the following: MR 0-01-0-10; CV 10-35%; MR
0-1-1:0; CV 5 10°%,: MR 1-0-5:0; CV 3-5%; MR above 5:0; CV
less than 2%,
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