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Abstract-The fatty acid composition of the triglycerides and sterol esters of juice sac lipids were determined 
in Duncan grapefruit, Dancy mandarin and three of their tangelo hybrids. The fatty acid profiles of Orlando 
and Minneola tangelos resembled those of the Dancy mandarin parent more than those of the grapefruit. The 
profiles of Seminole tangelo were different from those of both parents and of its sister hybrids. 

INTRODUCTION 

CHEMICAL profiles of lipid constituents are reliable indicators for distinguishing citrus fruit. 
The profiles include total juice sac fatty acids, iq2 lipid subfraction fatty acids3 sterols4s5 
and hydrocarbons.“-’ ’ In two recent publications emphasis was placed on the fatty acid 
profiles associated with triglycerides” and sterol esters.13 In both studies, each citrus spe- 
cies appeared to possess an intrinsic fatty acid profile which distinguished it from other 
species. 

One of the long-range goals of our chemotaxonomic studies has been to determine par- 
ental influence in citrus hybrids. The present study is concerned with the fatty acid profiles 
of three tangelo hybrids resulting from a cross of Dancy mandarin with Duncan grapefruit. 
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RESIJLTS ANI> DISCIISSION 

Table 1 lists the triglyceride fatty acids above the 0.1 I’,, level found in the five citrus culti- 
tars. Duncan grapefruit has a triglyceride f;lttj acid profile characteristic of grapefruit” 

with over 95”,, of the acids comprising palmitic (C,,,), pnlmitolcic (C,,, ,I, oieic (C‘, H-l). lino- 
leic (C, &. and linolenic (C, #:.?). As for other grapefuit, the ratio 01’ plmitic to palmito- 
leic acid is in the range 1.5 2.4. The triglycerides of Dane\ mandarin have a C‘,, (?,,,,I 
ratio of 1.83, nearly identical to that of Duncan (1.X-i). Dancy hcwe~~cr. has rclativel]. less 
C,, and C1,,:I than Duncan. Comparison of the c‘,, triglyccridc fatt!, acids for Du~lcan 

and Dancy show marked differences. In Dutlcan esscntiall~ equal amounts (_30”<,) of oleic 
and iinoleic acids are present. whilst Dancy shows 4!“,, olcic and lb’,, linoleic acid. In the 
three tangelo hybrid triglpridcs. the five major acids comprise o\cr I).?“,, of the total. The 

16; 16: 1 ratio for these hybrids is 1.X& 1.69. noticcabl) Io\~cr than those for cithcr of their 
parents. The relative percentages of C‘, 8: ,. C, 8,1 c ,lnci C, x:.3 in Orlando and Minneola arc 
closer to those found in the Dancy parent than those in the Duncan. The Seminole t;rngelo 
shows noticeabl) ClifTcrcnt profiles from those of cithcr of its parents or hister h~~brids. 
Table I also shows the ratio of the five major acids: the ratio found for Duncan triglycer- 
ides is typical of grapefruit. l2 Whether the ratio sho~vn for Danq is typical of mandarins 
is uncertain as an insullicicnt number of mandarins have Ixc11 an;~l~~tl. Orlando ;111d Min- 
ncola tangelos have similar ratios which although different from cithcr of their parents 
tend to rcsemblc the Dancy more than Duncan prent. The pcrccntagcs of C‘,,, and (‘lx:3 

are nearly the same in Dancy. Orlando and Minncola. The ratio of the live nxtjor acids 
in Seminole tangelo is diKerent from those of either of its parents or itx sister hybrids, The 
noticeably hi&r percentages of the unsaturated fatty acids. C‘, s,2 ;rnd c‘, x,.3. in Scminolc 
contrast sharply with the pcrccntages observed for Orlando. Minneola :~nd Dnnq. 

The five major sterol ester frltty acids comprise X6”,, (Dawx) to 9 I”,) (Orlando) of the 
total (Table 2). This range is similar to that reported for stcrol esters of orangcx and grape- 

fuit. ” The 16’ 16: I ratio ( 1.65) for Duncan is characteristic of grapefuit sterol esters. The 
low 16/16: 1 ratios for the three tan&o hybrids arc not characteristic of any citrus sp- 

ties.“.‘” Unlike the percentage dif%xences obser\:ed ~IIIOII~ the three tan&o triglycerides, 
the percentage ditIiirenccs observed in the C IN stcrol cstcr Ihtt! acids \\crc negligible. The 



Fatty acids of Citrus triglycerides 2217 

major fatty acid percentages in Orlando and Minneola appear to resemble the percentages 
of the Dancy parent more than the Duncan parent. The ratio of the five major acids in 
Duncan is typical of grapefruit sterol esters. l3 The ratios of the five acids in the three tan- 
gelos are different from either of their parents but appear to be closer to those of Dancy 
than those of Duncan. 

Minor differences are found among the five cultivars when the minor fatty acids of trig- 
lycerides are examined (Table 1). More fatty acids, present at levels greater than O.lp/,, are 
observed for Dancy than for the other four cultivars. The range of total amounts of these 
minor acids in these cultivars is from 4.4% (Duncan) to S.l”/0 (Dancy). Monoenes of chain 
lengths between 17 and 22 are present in greater percentages than are their respective satu- 
rate homologs. Total branched-chain acids range from 0.26% (Dancy) to 1.54% (Min- 
neola). 

TABLE 2. FATTY ACID COMPOSITION OF STEROL ESTERS FROM CITRUS JUICE SACS (%) 

Cultwar 
M~Jo' fatty acids Total major Ratm of major latty acids to Ih-I 

16 16.1 IX:1 IX:? 18:3 fattyacIds 16 16:l IX:I IX:2 IX:3 

Duncan grapehut 4.22 2 5s 928 58.38 13.75 8X.18 165 IO0 364 22.89 539 
Semmole tangelo 3.16 3.74 IX.24 47.18 16.17 88.49 0.84 I.00 4.8X 12.61 4.32 
Orlando tan@ 3.55 I.39 21.02 4663 16.01 90.60 I.05 1~00 6.20 13 76 4.72 
Minneola tangelo 2.36 4-73 2001 45-34 16-27 8X-71 0.50 ICI 4-23 959 344 
Dancv mandarm 3.97 3.87 22.11 38.93 16.64 86-12 I03 100 587 1006 430 

Mmor fatty acids 
AI 

I2 14 I5 15 1 17 l7:l 118:1 IX 19 2 22 23 124 24 25 126 26 Other 

Duncan grapcfrult @,7 I.34 0.13 020 0.18 0.25 0.79 0.41 069 0.35 0.33 0.51 248 113 O-73 I IX O-95 
Srminole tengclo 0.x Cl.99 0.10 0.17 0.22 039 0.50 0.25 0.52 0.52 0.44 o-33 2 89 115 0.33 I.28 I.15 
Orlando tangelo O-36 105 011 015 T @46 0.69 0.20 0.77 0.50 0.32 0.39 2.20 0.66 0.30 IO.60 064 
Mmncola tang&> 0.32 0.95 012 0.15 0.20 0.41 0.98 T O-59 O-44 050 0.57 290 0.96 0 5X 1 IO 0.52 
Dnncy mzmdarin @67 I.38 O-l, 0.20 0.19 059 O-28 066 035 l-04 @3l 0.51 7.14 I.33 0.26 I71 I-IS 

AI = antriso-branched acid. 

The sterol ester minor acids range from 11.8% (Duncan) to 13.9% (Dancy) (Table 2). 
As previously observed,3913 citrus sterol esters contain greater amounts of long-chain fatty 
acids, CI,,-C28, than the other citrus lipid classes. As found in the minor acids of the trigly- 
cerides, no distinct differences are found between the cultivars in the minor acids of the 
sterol esters. Total branched-chain acids range from 1.57; (Dancy) to 2.9% (Minneola) of 
the total. The two major branched-chain acids in all cultivars are iso C,s,I and unteiso 
CIgz2. The four most dominant acids of the minor acids are Cl4 (09-1.4%) C14 (2.2-3.1x), 
C?, (07-1.3%) and Czh (O&1.70/,). Except for these four acids, all other minor acids are 
found at percentages less than 1. As with the triglyceride monoenes, sterol ester monoenes 
in the region C, 5 to iso Cl 8 are always found at percentages greater than their respective 
saturated homologs. 

In studies on the chemotaxonomy of citrus species and hybrids, it is relevant to relate 
the biochemistry of the fruit to its morphology, physiology and f-lavor properties. In 190.5 
Webber and Swingle designated hybrids resulting from the cross ofa mandarin with a grape- 
fruit as tangelos. With regard to morphology and flavor, tangelos are a highly diverse 
group of hybrids showing characteristics that are both typical of their parents and interme- 
diate between them.14 The flavor of Orlando and Minneola tangelos resemble that of 

l4 Horxso~, R. W. (1967) The Citrus Industry (REUTHER, W., WEBBER, H. J. and BATCHELOR, L. D., eds.), Vol. 
I. pp. 527-548. University of California Press, California. 



Dancy mandarin in being sweet. juicy and rich. The Seminole tangelo. on the other hand. 
is acid and extremely tart. This property is more characteristic of grapefruit than of man- 
darins and would indicate that Seminole tangelo shows flavor propertics more akin to its 

grapefruit parent. The results obtained in the present investigation indicate that there may 
be some correlation between fatty acid profiles and inherited favor properties. The profiles 
suggest that the Orlando and Minneola tangelos are more closely rclatcd to Dnncy man- 
darin than Duncan grapefruit. Likewise. Seminole tan&o. while not sho\ving profiles ty,pi- 
cal of grapefruit does not show profiles typical of the mandarin. ~lorpl?ologically, 
Seminole is oblate (typical of Dancy mandarin) but highly seedy (typical of Duncan grapc- 
fruit). Further studies on tangelo hybrids should prove the feasibility of correlating lipid 
chemistry with the nutritional) important properties of the frttit. 


