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Abstract-The fatty acid composttton of trtgylcertdes from oranges grapefrult lemons and limes was 
determmed by GLC Each species possessed its own mtrmslc fatty dcld pattern which might be used to 
dtfferentlate tt from the other species The five major acids m all species were palrmtic, palrmtolelc, oleic, 
hnolelc and lmolemc Collecttvely these acids comprised greater than 92:; of the total aed content Lemons 
were dlstmgulshed from all other species by their higher 16116 1 ratios while grapefrult showed the highest 
total percentage of 16 and 16 1 acids Lemons and limes contamed higher percentages of branched-chain 
actds than oranges and grapefruit 

INTRODUCTION 

CHEMOTAXONOMY 1s being used with considerable success by taxonormsts m deter- 
mmmg the purity of citrus species Citrus species have been dlfferentlated by their content of 
essential oils,’ - 3 hmono1ds4 and flavanones’ Recently the authors’ investigated the 
fatty acid composltlon of orange, grapefruit, mandarin, lemon and lime, and found that 
these species differed markedly m then total fatty dcid profiles Cultlvars of C slne)lsls 
(sweet orange) were shown to possess a similar total fatty acid pattern ’ Although 
total fatty acid patterns therefore cannot be utilized to dlstmgulsh cultlvars wlthm 
a species, fatty acid patterns associated with specific hpld subfractions can 8 In the 
present study the posslbllrty that other citrus species also have specific patterns was 
investigated for orange, grapefruit, lemon and lime 

RESULTS AND DISCUSSION 

Fatty acid distribution patterns of triglycerides are shown m Tables 14 for the four 
citrus species Only fatty acids with relative percentages greater than 0 1% are recorded 
The authors have previously shown the complexity of citrus fatty acids by reporting 
values down to a level of 0 001% 6 
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Table 1 shows the trlgiyceIlde fatty dcld dlstrlbutlon of the t&o mldsedson ordngel, 
Homosassd and Queen, and the l&k season orange, Lue Glm Gong The five mdJor dclds 
dre palmltlc (16 0), pdlmltolelc (16 1) olelc (18 I) hnolelc (18 2) and hnolemc (18 3) 
Collect&y these five dcids comprise mole than 94”,, of the told1 fdttj ,Iclds The mdJor 
dcld m these oranges 15 either 18 1 (Homosass‘i) 01 1S 2 (Queen dnd Lue Glm Gong) 

* Mean F 5 d of 2 GLC determuutlons f~ om cxh of 4 6 sLpxdte It ult e\tt act\ 
i Number of double bond\ 
: Ttdce, less thou 0 I”, 
$ Value represents the Lomblned total ot both sCitur,ited and unsdturnted btanchcd Watt\ ud< 

In Queen dnd Lue Glm Gong the5e ;lads are found m the approximate rdtlo I 1 3 5 2 
while m Homosassd the rdtlo IS 1 0 7 3 3 2, respectively The 16;16 1 l,itlo IS between 
1 dnd 1 5 This ratio has been shown previously to be Important m dlctmgulshmg 
vdrlous hpld claysec wlthm ‘1 specie5 * The mdJor acid found ,~bo~e 18 IS 20 1 

Cdrbon 
No Marsh Rub) Red Thompson Foster 

12 
14 
I5 
15 1 

116 
16 
16 1 

‘317 
17 
17 I 

118 
18 
I8 1 
IS 2 
IH 1 

d I 0 
30 I 
21 
21 1 
34 
35 
26 

0 14 _k 001 
0 10 2 0 02 
0 71 * 0 02 
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Surprisingly, for orange triglycerides 20, 20 2 and 20 3 are always found at less than 
0 1% Above 18 the only odd-numbered acid of any prommence 1s 25 The odd-numbered 
acids, 19 and 21, are always found m citrus but below 0 l”/, 6,7 Citrus synthesizes a 
multitude of saturated and unsdturated branched-cham fatty acids 6 Unsaturated branched 
acids are very difficult to determme by a smgle GLC run because they are overlapped 
by other maJor linear acids To obviate this difficulty, trlglycerlde samples were hydro- 
genated and the relative percentage of the total branched acid content (saturate and 
unsaturate) were recorded 

TABLE 3 FATTY ACID COMPOSITION OF TRIFLYCFRIDES FROM LEMOU JUICF SACS (‘%,I 

Carbon 
No Kusner Lisbon Md(td Eureka 

I2 022 + 003 
14 047 + 004 
15 012JIOOl 
15 1 023 _t 002 

116 013,002 
16 620 + 0 10 
16 1 199 +008 

al7 016+001 
17 028 * 001 
17 1 036 + 002 
17 2 054 &- 003 

118 117 + 002 
18 050 +006 
18 1 1095 + 032 
18 2 3237 _tO31 
18 3 4297 + 007 

al9 049 _+ 004 
20 1 045 * 003 
20 2 0 17 * 001 
20 3 023 5 001 

024 + 001 
052 +002 
0 18 + 001 
030 +002 
020 * 007 
545 f 021 
135,005 
024 _I: 001 
025 + 003 
041 +001 
060 f 003 
133 * 004 
048 + 003 

15 14 * 0 28 
29 29 + 0 34 
4240 k 025 

078 + 007 
054 *002 
0 16 + 001 
014+001 

022 * 002 
053 + 004 
033 +003 
041 + 003 
025 i 002 
856 + 038 
065 + 002 
045 * 005 
032 +009 
046 + 005 
069 + 003 
2 76 + 0 24 
1 17 + 0 10 
870 +062 

3983 Ifr 051 
3226 i 047 

I94 2 009 
0 19 t_ 001 
0 12 * 001 
0 16 F 001 

016kOO5 
040 * 0 I2 
010+_001 
018 +_OOl 

Tr 
7 43 * 0 47 
102*012 
025 * 002 
020 f 002 
027 + 002 
055 & 002 
205i_015 
052 + 009 
8522062 

39 62 + 0 69 
3651 + 094 

164 _+ 002 
021 t_ 001 
0 17 * 001 
020 * 001 

Table 2 shows the tnglycei-lde fatty acid dlstrlbutlon of the four grapefruit cultlvars 
As with oranges, 16, 16 1, 18 1, 18 2 and 18 3, are the major acids and comprise greater 
than 92% of all acids In all four grapefruit cultlvars, these acids are found m the 
approximate ratio 2 1 4 4 2, respectively The major acid m all grapefruit 1s 1X 1 and the 
16/16 1 ratio ranges between 1 5 and 2 4 The major branched acid 1s NJ 18 followed 
by antelso 19, 1.~0 16 and antelso 17 

The fatty acid dlstrlbutlon of the four lemons 1s shown m Table 3 In Kusner and 
Lisbon, the five major acids are found m the approximate ratio 1 0 3 2 5 7 while Malta 
and Eureka have the ratios 1 0 1 1 5 4 and 1 0 2 1 5 5, respectively Lemons, in 
comparison with oranges and grapefruit, show a high relative percentage of 18 3, and 
the major acid 1s either 18 2 or 18 3 The 16/16 1 ratio of 3-13 is noticeably higher 
for lemons than for oranges and grapefruit Lemons also show higher relative percentages 
for the branched acids The branched-acid percentage order 1s WI 18 > arztel~ 19 
> antelso 17 > ISO 16 Fatty acids with carbon lengths greater thdn 20 are found m lemons 
but are never detected at percentages above 0 1 In contrast to observations m oranges 
and grapefrult, 20 2 and 20 3 are detected m lemons above the trace level, 1 e 0 1% 
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Table 4 shows the fatty acid dlstnbutlon of lime Juice sdc triglycerides In comparison 
with oranges, grapefruit and lemons, limes appear to be rather diverse and show no 
specific dlstmgulshmg patterns Key and Persian limes are regarded as small-f&ted 
and large-fruited sour limes, respectively While Key lime 1s regarded ds a pure species, 
Pcrslan lime 1s thought to be of hybrid origin with acid lime dnd citron parentage 9 
The hybrid nature of Persian may be one reason for the contrasting p‘tttern when com- 
pared to Key Columbia, which belongs to the second maJo lime group. VIZ sweet limes, 
15 et pure lime specie5 but its fatty dcld pattern 1~ nohcedblq different from that of sour 
limes The two sour hmes show 18 3 and 18 3 d5 bemg the two most ptomment acids 
while the Tweet lime Columhl,i Fhows I8 1 dnd 18 2 

Table 5 1s d compllatlon of factors that the authors believe might be useful m 
dlstmgulshmg triglycerides of the four species Oranges appear to differ from grdpefrult 
by then higher total percentage of 18 acids dnd lower total percentage of 16 acids 
The 16’16 1 ratio m oranges 1s lower than that found m grapefruit While the total 
18 acid content of oranges has a range similar to those of lemons and hmes, the 16 content 
IS noticedblj higher Also the percentages of branched acids dnd m pdrtlculdr 1s~ 18. 
are consistently lower uhen compdred to lemons or lime\ 

Species 

Totdl (‘() of 
dll ilnedr 18 

(18 18 I IX 2 IX 3) 

Total YO of 
all hear I6 
(16 16 II 

GrapefruIt are dlstmgulshed from oranges, lemons dnd hmes by their lower total 
percentage of 18 acids and higher 16 acid content Grapefruit, like oranges, differ from 
lemons and limes by having lower percentages of branched acids 
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The most noticeable feature of lemons useful m dlfferentlatmg this species from the 
other three species IS the very high 16/16 1 ratio The sour and sweet limes, when compared 
as a whole, show some features useful m dlstmgulshmg this citrus group from orange 
and grapefruit Limes, hke lemons, contam relatively high percentages of branched acids 
The two sour limes, Key and Persian, differ from oranges and grapefruit by showmg a 
lower total percentage of 16 acids 

at 

EXPERIMENTAL 

Ctfrus sources Oranges Clfrus mensrs, cultlvars Queen, Homosassa and Lue Glm Gong were obtained 
a mature stage from Whltmore Exoerlmental Farm (Plant Science Research Dlvlslon, U S D A, Orlando, 

Florlda) Grape&t C paradw, cultlvars Marsh seedless, Redblush and Foster were from Whltmore Experl- 
mental Farm and Thompson was from Adams Citrus Nursery, Hames City, FlorIda Lemon3 C Iunon 
cultlvars Lisbon Malta and Kusner were from Whltmore Experimental Farm and Eureka was from a local 
mdrket L~rne\ c (II!I trrlfrfo/ra Swlngle (SOW he) cv Key and C lur~fo/~u Tdndkd cv Persian and C /rrl~rtrro~t/?\ 
Tanaka (sweet lime) cv Columbia were from U S D A groves m Homestedd, F t Pierce dnd Leesburg, Florida, 
respectively Jum sac lzplds were prepared and purified by a method previously described lo 4-6 separate 
extractions were made from tissue from each cultlvar 

Srparatron of ttlyl\ce!tdr und prrpuratm offaft, acid wth)l esters The purified lipid (ca 200 mg) wds 
dissolved m CHCl, and applied to a (column 09 x 30 cm) contammg 9 g 60-200 mesh slhca gel (J T Baker 
Chemical Company, Phllhpsburg, New Jersey) The neutral lipids, which contained the triglycerides, were 
eluted with 200 ml CHCl, This fraction was concentrated, taken up m hexane and streaked on precoated 
slhca gel G plates (20 x 20 cm, 500 p, Analtech. Inc, Wdmmgton, Delaware) The TLC plate was placed m 
a chamber lined with filter paper and developed with hexane-ethyl ether (9 1) contdmmg 0 I”, dltert- 
butyl-cresol The triglyceride band was visualized with Rhodanune 6G and eluted with ethyl ether 
Methyl esters were prepared from TLC-separated triglycerides by the trdnsesterlhcatlon BF,-MeOH 
method6 Representative fatty acid methyl ester samples from each species were hydrogenated under 
4 kg/cm’ at room temp for 1 hr with 10 mg of 10% Pd-C catalyst m a Parr apparatus 

GLC The fatty acid Me esters were determined with an F & M Model 5750 gas chromatograph equipped 
with FIDs Me esters were analyzed on two glass columns column 1 was 3 05 m long and 4 mm 1 d and 
column 2 was 2 44 m long and 2 mm 1 d Both columns were packed with 10% SP-1000 (Supelco. Inc, 
Bellefonte, Pennsylvania) coated on 100-120 mesh Gas Chrom Q (Applied Science, State College, Pennsyl- 
vania) The inJection port and detector were dt 245” for both columns For analysis of Me esters from 
12 0 to 20 3, column 1 was used The con&tlons for column 1 were on-column mJectlon, He flow rate 
80 ml/mm, Isothermal temp 210” The condltlons for column 2 were on-column inJection, He flow rate 55 ml/ 
mm, isothermal temp 225” Two columns were necessary because although column 1 gave excellent resoluuon 
between 12 0 nd 20 3, considerable peak broadening was manifest m the region 20 3 to 26 0 With 
column 2, resolution was excellent m the 20 3 to 26 0 region wlthout peak broadening Results were 
quantitated by measurmg peak areas with the aid of a disc integrator and also with a plammeter 

lo NAGY, S and NORDBY, H E (1970) J Agnc Food Chem 18,593 


