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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 53’j;, of the saturates and more than 87’;/, of the monoenes. In 
the saturated fraction the major linear hydrocarbon was C,, while in the monoene fraction C,, and Czs predo- 
minated. The ratios of linear/k C ?., and Czs 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’ [ 11. The Japanese citriculturist, Tanaka, 
recognized 36 species of mandarins [2] while the 
American systematist, Hodgson, divided the man- 
darins into four species [l], viz nobilis, deliciosa, 
rrticulata 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 [l]. Kawano Wase is a 
budsport of Owari imported from Japan in 1921. 
Silverhill, a nucellar seedling of Owari, introduced 
about 1931 [ 11, 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 Owari [ 1] was imported from Austra- 

* One of the laboratories of the Southern Region, Agricul- 
tural Research Service, 1!.S. Department of Agriculture. 

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 [4-91, sterols [ 10, I I] and long-chain hydro- 
carbons [12-l 81. 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 
Cirrus 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 l&2.1% of the total juice 
sac lipids. A breakdown of the saturated and 
mono-unsaturated hydrocarbons shows that these 
two groups represent 1.3-1.8x and 0.2-0.5% of the 
total lipid content. respectively. Ratios of saturated 
to mono-unsaturated hydrocarbons ranged from 
2.9 (Kawano Wase) to 9.7 (Foley). The 2.9 ratio for 
Kawano Wase is similar to ratios for Dancy (3.1) 
[ 161 and Honey (2.9) [ 191 mandarins of the species 
rcticulata. 
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Table 2 shows the saturated long-chain hydro- 
carbons in the six satsumas according to their 
linear. iso- and rlnlc~iso-structures. The average pcr- 
centagc of saturated linear hydrocarbons is 57,X”,,; 
the minimum was 53”,,. This high perccntagc of 
linear hydrocarbons was observed previously in 
three Icmon cultivars 1171, sour limes [I’;] and 
Dancy mandarin [ 161. Kawano Wase with a value 
of 67.2”,, is similar to that observed for Dancq 
mandarin (65.3”,,) [ 161. Odd-numbcrcd hydrocar- 
bons account for most of the linear saturates: (‘?.% 
and (‘25 were the most prominent as observed pre- 
viouslq in other citrus fruits. The perccntagcs of 
linear C‘?, saturated hydrocarbon ranges from 
1 1.9”,, (Foley) to 14.6”,, (Sugiyama): the same 
ranges hnvc been reported for grapefruit [_I 41 and 
tangors [ I?]. The range of linear Czi in satsumas 

is much broader. i.c. 1 X.1”,, in Nobilis to 36.2” (1 in 
Kawano Wase. Only Dancy mandarin (195”,,) 
[ 161 and the Temple x Kinnow mandarin hybrid 
(1 X.5”,,) [ 121 had been rcportcd to hate such high 
percentages. Apparcntlq :I high percentage of 
linear saturated CLi Inah he a good index of man- 
darin parentage. Prcviousl! L\C reported that the 
linear saturated C1, C‘, i ratios showed ranges 
which Lvere intrinsic for cnch citrus spccics [ 1.3.151. 
Thcsc ranges wcrc : C. .sim~~~.\i.s (SW cct oranges. 
145 1.34). c‘. ptr~utli.5i (frapcfrui 1. 0S5 0.93). C. 
lir110~ (lemons. 0.30 047). (‘. trff~r~rfjfolitr and (‘. 
/~l/jfi~li~~ (sour limes. 0.38 0~39) and C’. ~c,fi(,l//trltr 
(mandarins. 0.63 069). in thk current stud) sat- 
suma C23/C25 ratios varied from 050 (Kawano 
Wase) to 0.81 (Sugi~ama) with an overall a\-cragc 
of 0.66. If the two mandarin spccics. ~~~~ic~//~rfrr anti 
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unshiu, are combined the CJ3/Cz5 ratio range of 
0.50-081 would still be different from other citrus 
species. Totals of even-numbered linear hydrocar- 
bons ranged from 12.4 to 14.9’%; with Cz3 and C,,, 
paraffins predominating. 

About one-fourth of all satsuma saturates have 
an iso-branched structure consisting of U 89”;) 
odd- and 1 lP13% even-numbered paraffins. The 
major iso-branched paraffins are C,,, C1, and 
Cl,; collectively these three comprise cu 840;; of all 
&o-branched paraffins. Kawano Wase appears dif- 
ferent from the other five satsumas by showing 
lower percentages for iso-Cl,, -C,,, -C,, and -C,,,. 
The percentages observed for odd-numbered, iso- 

C C-‘s, 239 - -C,,, and -Cz9 can be used to differen- 
tiate satsuma mandarins from sweet oranges 
[ I2,13,1 S], grapefruit [ 141, lemons [ 171, limes 
[ 151, tangors [12] and tangelos [ 161. 

paraffins are C?,, C3,, and C,,. The ant&o Cl,/ 
Cl,, ratio for the six satsumas range from 072 
(Kawano Wase) to 1.14 (Sugiyama) with an overall 
average of @99. This range may be useful in dis- 
tinguishing satsuma mandarins from sweet 
oranges (1.21&1.76) [12,13,18] lemons (0.4&@72) 
[ 171, sour limes (0.377050) [ 151 and tangelos 
( 1.44 1.6 1) [ 161 but does not appear capable of dif- 
ferentiating satsumas from grapefruit (0.93-1.17) 

c141. 
Scrutiny of the ratios of linear Cz3 and Czs to 

i~0-C~~ and -Czs reveals some interesting com- 
parative data. The average ratios of linear C,,/iso- 
C,, and linear C2&o-Cl, are 2-05 and 2.03, re- 
spectively. With the exception of Nobilis with a 
linear C,,/iso-C,, ratio of 1.50, all satsumas have 
ratios greater than any of the other citrus species 
previously examined except Dancy mandarin. 

Satsumas vary considerably in their saturated Table 3 shows the mono-unsaturated hydrocar- 
untciso-branched paraffin content with a range bons present in satsuma juice sacs. Linear alkenes 
from 12.2 (Kawano Wase) to 22.3% (Sugiyama). account for 87.6 (Foley and Nobilis) to 97.4(x 
This difference is due primarily to the differing (Kawano Wase) of these hydrocarbons. This range 
levels of Cz4 and CZh. In contrast to iso-branched is IO”;, higher than that of other citrus species 
paraffins where odd-numbered structures predo- except grapefruit (87.695.0) [ 141 and Dancy man- 
minated, antriso-branched paraffins show a pre- 
dominance of even-numbered structures. The 

darin (98.0) [ 16). From 89 to 94% of these linear 
hydrocarbons are odd-numbered, the major com- 

anthso group shows relatively consistent percen- pounds being in the CJ3 to CJ3 range. The average 
tages for even- (83P91’x) and odd-numbered (9- percentages for the six major odd-numbered linear 
17”:~ structures. The three major urztriso-branched monoenes, i.e. Cz3, Cz5, Cz7, Czs, CJI, C,, are 7, 

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

Odd-numhcrcil 

?I 23 2s 27 29 ?I 33 3? 

4r,rc,ro-branched 
Kawano Wax 
Slvcrhill 
Owari 
FOICV 

0 20 I 7X Y-X9 I I.67 32.76 33 21 2-13 tr 
043 8522440 ,797 ,827 ,233 1.38 tr 
00X II-13 23.45 IX.26 16-27 ,4.5X 1.63 ,I 
O-15 3.36 ?b74 20-i I 22-24 5-27 0.93 tt 
O-05 9.01 19.24 15-3X 2226 IX.28 1.97 ,I 
O-l? x 19 2077 I364 lY.IX 17 14 102 ,r 
0 I I 7-00 20.75 16.17 2183 ,6X0 l-5, ,i 

tr O 15 0.64 0.39 Oil t, 
tr 0 76 2.28 I.15 050 017 o-07 
tr 0.60 I.53 I.01 037 035 tr 

0.11 O-20 3-95 I.79 0.55 0.51 tr 
0.02 0.61 l-65 081 o-35 0.10 ,r 
0.04 0.56 2.49 2 05 023 O-75 ,, 
0.03 0.48 2.09 I.20 o-75 (I-31 tr 

tr O-06 O-12 0.13 ,r II 
,r 0.07 0.42 0 I I ,r 11 
tr 020 03x O?I 0.06 II 
11 O-29 “46 tr ,r ,r lr 

0.01 0.12 0.33 0.17 tr tr 
O-08 O-IX “-43 ,r ,I 11 ,r 
0.01 0.15 0.36 0.10 fr tr 

L\cwnumherrd 
TOtCd TClMl 

20 ‘2 ‘4 26 2s 30 32 34 odd no. even no Total 

0,x 0.32 0.54 (1.96 099 2.02 0.76 fr 91.64 971 97.41 
tr 039 2-X 2-14 I17 100 o-19 11 82.90 7.15 90.05 
,r 0.37 1.69 2.15 I.17 1-74 0.45 tr X5.40 7.57 92.97 

o-35 04X 249 2.6O 1.45 0 XX O-25 tr 78~80 a.50 87.30 
0 OY 0 ?5 I 5x 1.71 098 I.13 0.34 tr 86.19 620 92-39 
Cl.41 0 X6 2 57 2.04 I 78 I.08 051 tr X0.06 9.25 89.31 
017 046 I X6 I 94 I.26 I.31 O42 tr 84-13 7.41 91.57 

0.06 1, O06 007 0.0, ,r I .29 0.20 I 49 
tr tr 0,x 021 ,r ,r 4.93 o-39 5.32 
tr tr tr II ,r fl tr 3.86 tr 3.86 

O-08 II 0.15 033 11 tr tr ~ 7.1 I 0.56 7 67 
003 001 0.15 11 f, tr tr 3-54 0.19 3.73 
011 007 O-19 tr tr tr tr 6-l 2 0.37 6.49 
0.05 001 o-12 0.10 tr tr ,I 4.48 0.29 476 

004 0.05 0.14 0.45 OG tr 0.03 ~ 0.31 079 I-IO 
tr tr I-17 7-10 0.54 0.13 0.09 O-60 4-03 4.63 
11 0 03 0.54 I.29 036 @Oh IF04 ~~ Om 2.32 3.17 

00X O-16 (l-44 299 0.49 0.12 tr O.75 4-28 5.03 
0.03 0.03 0.90 I.71 0 40 0-I 3 o-05 0.63 3.25 3-88 
0-I’) OII I Oil I-09 0.74 0.38 tr 0.69 3.51 4.20 
0.06 0.06 0.70 I.61 044 014 0.04 064 3-03 3.67 



2 1. 16. 22, 17 and 1.5”,,. respectively. Some culti- 
vat-s deviate considerably from these averages. e.g. 
c 23 for Kawano Wase and Foley show one-half 
the awragc (‘-3 value (7”,,) while Owari shows 
twice this avcragc. 

I.\o-bran&d monoencs comprise between 14 
and 7,7”,, of the total monoene fraction. Of this 
group, odd-numbered iso structures comprise 87 
I W’,, Lvhilc cvcn-numbered i.so monoenes ranged 
from a tract to 13”,,. The Owari satsuma is notice- 
ahl~ diflcrcnt li-om other satsumas in showing prc- 
dominatclj odd-numbered i.so monoencs and only 
a tract of even-numbered iso structures. The two 
rn>!jor iso monocnes in all satsumas arc CJj and 
C‘, -. trlt~~iso-branched monocnes comprise 
bct\vccn l-10 and 543”,, of the total monoenc frac- 
tion. The pcrcentagc distribution of u77tc~i~o 

~~~onoc~~cs is essentially the reverse of the iso- 
n~onoencs. i.e. cvcn-numbered > odd-numbered. 
Exn-numbered ~777tc~;,s0 monocnes ranged from 72 
(Kawano Wasc) to 87”), (Silverhill) and odd-num- 
h-cd ur77~iso monoenes from 13 to 2X”,,. The four 
m;!)or antciso monocnes are C2,, CJi, C2(, and C,, 
with C‘?,, predominating. 

Satsuma long-chain hydrocarbons can generally 
bc distinguished from those of non-mandarin 
citrus spccics. Howcvcr, cultivars within the u77shi1r 

spccics except for Kawano Wase are not easily dif- 
fercntintcd. Foley and Owari can be identified 
from their linear monoenc profiles. Nobilis has the 
onl; low saturated linear/is0 C1, ratio (1,50”,,). 
Profiles of Silverhill and Sugiyama do not have 
an)’ differentiating characteristics. The long-chain 
hydrocarbon profiles of Kawano Wase resembles 
those pro\iously published for Dancy mandarin 
[ 161. The question as to whether long-chain hyd- 
rocarbon patterns of C. w7shj17 can be used to dis- 
tinguish this mandarin species from other man- 
darin species is still to be answered. 

The odd.cven rr-alkane ratios reported prc- 
\iously for citrus Juice sacs [ 12 1 S] and the ratios 
reported herein range from 2.6 to 98. This range. 
which is distinctively low for flowering plants [ZO 
261. is undoubtedly due to the high level of even- 
numbered rl-alkanes and branched alkanes present 
iI1 citrus. Generally, for higher plants the major 
h\ drocarbons arc C2 <,. C,, and C33 [20]. Citrus 
juice sac alkancs arc unique in that Cz3 and CLs 
predominate. Recently four species of moss 1271 
and three species of the genus Bdmitc~s [2X] also 

have been reported to contain predominant 
amounts of C 23 and C,,. The range of odcl,cvcn 
alkanc ratios for the moss is qllitc similar to those 
of citrus. Herbin and Robins [29] ha\,e reported 
that internal arca of lea\,cs contained more evcn- 
numbered alkanes than the cxternnl portion. The 
cuticular wax of the cranbcrr) has an alkanc pat- 
tern characteristic of plant cuticular \vaxcs [_30]: 
however, the major alkanes in the seed of the cran- 
berry 1311 arc all even-numbcrcd with onl\ minor 
amounts of the common (‘?- and CL,, /I-alkancs. In 
citrus howcvcr. there is no diffcrcncc in alkanc pat- 
terns between internal parts of tbc fruit (juice sacs) 
and the external parts (peel oil) [i2]. 

In most plants bran&d hydrocarbons are 
usually minor alkane components: hokvcver. in 
some e.g. tobacco. the) ma> range up to 50”,, LX]. 
The branched alkanes arc prcdominatclq odd- 
numbered and the even-numhercd alkancs arc vir- 
tually absent in tobacco. Citrus fruits arc unique in 
having both iso- and trr7rc,i.~o-brnnchcd structures 
of both odd- and c\,en-nuinbercd hydrocarbons. 
Mono-unsaturated alkcncs arc ~LIIIC~ in a number 
of higher plants including sugar C;IW and roses 
[33]. Citrus. like these two hi&r plants. contain 
ma.jor amounts of c‘,- ,. (‘?, ,,,. (‘,I, ,. (‘_),<,,. 
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saturated hydrocarbons leaving the carotenoid esters at the ori- 
gin. These two hydrocarbon fractions were eluted with Et?0 
and dry wts taken. The monene fraction was dissolved in 1 ml 
hexane and hydrogenated in a Parr apparatus with 10 mg IO?<, 
Pd-C catalyst under 50 lbs/in’ at room temp. for 1 hr. 

Quuntirurim. Hydrocarbons were analyzed by GLC with an 
F & M Model 76lOA FID CC. 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 IO&l20 mesh 
Gas Chrom Q. The injection port was at 265 and the detector 
at 275’. Hc flow was 80 mlimin at 40 Ibsiin’. The sample (I.5 
4.5 j. representing l-lo’:,, hydrocarbon in hexane) was-injected 
on-column at 160 and programmed at 4”/min for 3 min, Z”/min 
for I9 min. then 4 imin up to 260 and finally held isothermally 
at 260. until the CJs 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 
studies [ 14.161 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 510 determina- 
tions. The coefhcicnt of variation (CV) for several mean ranges 
(MR) showed the following: MR 0.01 0.10; CV lO_35”,; MR 
0.1~1.0: CV 5 IO”,,: MR I.0 5.0: CV 3- 5”;,; MR above 5.0; CV 
less than 2” I, 

I. 

2. 
3 

4. 
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