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AMtact-A gas-liquid chromategraphie analysis of the essential oils of Poncirus triforiata (L.) Raf. was 
ma& to de&mine the -rage of such oils in the rind, pulp and leaf of Poncirus, to ascertain the variation 
that exists within and between strains of Poncirus, and to study the chaaaes in the essential rind oil unn- 
position ocauring during maturation. 

INTRODUCTION 

Poncirus frifoliata (L.) Raf’. shows resistance to nematodes, several diseases and frost. It 
has often been used as a rootstock and as a parent in crosses with Citrus. Because of its 
commercial importance the authors have undertaken an evaluation of the essential oils of 
this species to ascertain if they might establish a basis for further taxonomic studies in the 
sub-family Aurantioideae of the family Rutaceae to which the genus belongs. 

Long-continued natural crossings between species, as well as reproduction by asexual 
embryos, have left Citrus taxonomy full of complexities and in a controversial state. One of 
the most widely used systems of classification of the genus Citrus is that by Swinglel who lists 
sixteen species. On the other hand, Tanaka* recognizes about 157 species. Hodgson3 is 
somewhat intermediate and lists thirty-six species. 

During the last 20 years, new biosystematic procedures have become of interest in plant 
classification. Various types of chromatography have become an integral tool of plant 
research and have been shown to be useful in assisting taxonomists to obtain comparative 
data based upon chemical groupings or characters. Until recently, chemical constituents in 
plants have been investigated only haphazardly; usually the search has been directed towards 
useful substances for commercial purposes. Consideration of certain chemical characters as 
an aid in Citrus classification could result in a better understanding of the species concept in 
Citrus and in its related genera. 

In the plant kingdom, taxonomic attention has been focused primarily on such specific 
substances as alkaloids, tannins, pigments and essential oils. In recent years, gas chromato- 
graphic separation of terpenes has proved valuable in taxonomic studies. Mirov4 studied 
the &penes of Pinus and von Rudloff 51 6 the essential oils of Juniperus, and phylogenetic 

+ Paper No. 1707,1966, University of California, Citrus Research Center and Agricultural Experiment 
St&ion. 
1 W. T. SWINQL.E, The Botany of Citrus andits Wild Relatives of the Orange Subfamily. Utiversity of California 

Press, Berkcky (1943). 
2 T. TANAKA, Citrologia. Semi-centennial Commcm oration Papers on Citrus Studies (1961). 
3 R. W. H-N, Calif. Citrogruph 46 (8), 246,256 (1961). 
4 N. T. MIROV, Ann. Rev. B&hem. 17,521(1948). 
5 E. VON RUD~FF, Can. J. Chem. 41,2876 (1963). 
6 E. VON RUJXOFF, Can. J. Chem. 42,1057 (1964). 
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aspects in the genus Pieea. Gas chromatographic analysis for chemotaxonomic purposes 
relating to the genus dies were also reported by Zavarin and Snajberk.7 Other workers in 
the field have tried to find genetic relationships based upon the chemical composition of the 
essential oils.* 

~elimin~ work done by the authors has shown that essential oils might prove to be useful 
as an aid in Citrus classification. Chemical differences in species and varieties have been 
recognized; even strains and Fi hybrids have been studied. While these chemical differences 
were occasionally qualitative at the higher taxonomic levels, they were usually quantitative 
as far as the lower levels were concerned. “Fingerprinting” of the essential oils could 
therefore provide an approach to problems of rootstock ~denti~cation. to the separation of 
nucellar and zygotic seedlings, and to the determination of probable parentage if just one 
parent and the hybrid are known. 

Trees derived from budding on trifoliate orange rootstock are often variable in size. 
While dwarfing may in some cases be due to the presence of virus diseases, there is some 
uncertainty as to whether extreme dwarfing or extreme vigor is the result of propagation 
upon zygotic seedlings. Since trifoliate orange characters are usually dominant, it has been 
difficult on morphological characters alone to determine whether the rootstock in question 
is a trifoliate orange or a hybrid. 

The purpose of this study has been to explore the possibilities of using gas-liquid chro- 
matography as a tool in the identification of typical Potzcirtts essential 011 characteristics by: 
(a) describing typical Porzcirzts essential oils, (b) determining the natural variation within and 
between strains of Potzcirm and (c) laying the ground~vork for future studies invoIving 
intergeneric hybrids between Citrtts and Potzcitm. No previous work on the essential oil 
composition of Potzrirm is known to the authors. 

MATERIALS AND METHODS 

In order to describe ~otzrirzts essential oil characteristics, it was necessary to determine: 
(a) the composition of the oils in different organs ofthe same plant i.e. in leaves, rind and pulp; 
(6) the chromatographic characteristics of rind oils from different selections; (c) the vari- 
ability that exists within a given selection: and (d) the change of the essential oil composition 
during fruit maturation. 

Oils from the leaves. fruit rind and fruit pulp of the Webber-Fawcett strain of trifoliate 
orange were extracted and used as representative Ponrirus essential oils. The leaf oils were 
obtained from about 400 typical, mature leaves harvested from several trees of the same clone. 
The wet-ground (blended) composite sample was steam-distilled in a Clevenger apparatus 
to which was added carbon dioxide to prevent oxidation of the oil components. SampIes of 
ten fruits from each of several trees were harvested and cornposited. and the outer peel 
fflavedo), without the inner peel (albedo), was wet-ground and steam-distilled. All oils 
obtained were stored in small vu114 at 5” under an atmosphere of nitrogen. 

Ritzd Oils of Typical Strains 

Rind oils of ten selected strains ofPozz&us. both small-flowered and large-flowered, were 
obtained from composite samples of ten fruits taken from the north as well as south sides of 

7 E. ZAVARIN and K. SNAJBERIC, Php~hem. 4, 141 (1965). 
8 A. J. HAAGEN-SMIIT, Ann. RCT. Plot Phy.Go/. 4,305 (1952). 
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TAFILE~. TEE BSSENTIAL OILS OF THE LEAVES, RIND, AND PULP OF WEBBER-FAWN TREXXUTE ~RANGB 
(Pomirus trijbliatu L.) 

% Relative concentrations of individual components 
, . 
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+ Retention time relativu to peak numbers 10,31, and 59. 
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three trees of each selection. The flavedo was blended and the oils steam-distilled and stored 
in the manner previously described. Ontogenetic rind oil samplings were made from two 
(large-flowered Pomeroy and small-flowered Rubidoux) strains by harvesting ten fruits from 
the north and south sides of three trees of each of these strains. The sampling was repeated 
on two more harvest dates. These thirty-bix fruit samples were blended, the oils steam- 
distilled and stored in cool temperature until used. The oils were analyzed by gas-liquid 
chromatography (GLC) for their content of eighteen prominent components (peaks). soon 
after distillation in order to minimize storage time as a yariablr. 

RI 

e.0 / 
/ ‘.. 58 

_l----’ .--------._.__ 
MINUTES 55 

44 41 
09 48 47 *\ I. 39=' 

s 
_- _ -_- 

XI 

25 20 Is MINUTES IO 5 4 3 2 Y 

FIG. 1. GAS CHRDMATOGRAPHIC PATTERNS OF THE ESSENTIAL PULP-, RLND- AND LEAF OILS OF POnCill~~ 

trifoliata L. 

(A) pulp; (B) rind: fC) leaves. 

Sample size: 1, 3.5 and 20 ~1; Injection temperature: X0-; Column: 160”; Detector: 210’: 
Carrier gas: helium, 60 ml/min, 40 lb/in2 pressure; Filament current: 200 mA; Leeds and Northrup 

recorder range: I mV; Chartspeed: 2.5 cm,‘min. 

Intergeneric Hybrid Rind Oils 

Rind oils of a number of selected Poncirus intergeneric hybrids with varieties of Citrus 
were obtained for use as possibly atypical essential oils and to lay the groundwork for future 
hybrid studies. Composite samples of ten fruits from each hybrid tree and from several trees 
of each Citrus parental clone were blended, distilled and stored as was done with the Poncirus 
selections. 

GLC Operation Parameters 

An Aerograph A-90-P Gaschromatograph with a thermal conductivity detector was 
used to determine the retention properties of the component of all oil samples in this study. 
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Of several columns tried, the best separation of the components was effected with a Pyrex 
(150 cm) column with 6 mm i.d., packed with 6040 mesh Chromosorb P, coated with 
20 % LAC 446. The other parameters are given in Fig. 1. The presence of the components 
was established by use of different cohmms, various sample sizes and changes in column 
temperature. The retention properties of the individual peaks were determined by com- 

TABLEI~. Tx-m ESswruL RIND OILS OF vmous Poncirw trifoliata L. sELEcFI0Ns 

Actual relative Relative concentrations (ya of rind oil components of Pond-us solections 
Peak retention time c 
No. range 1* 2 3 4 5 6 7 8 9 10 

10 l*OO 
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15 l-86-2.03 
16 2.X2-2.31 

:‘9 240-260 3.02-3.50 

E 
@37-0*40 
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24.01 2748 34.79 27.72 31.34 36.13 32.30 34.03 37.10 
3.97 3.35 3.36 2.03 2.06 1.99 2.80 3.06 3.82 
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* 1. Pomeroy; 2. Webber-Fawcett; 3. Christensen; 4. Rubidoux; 5. Barnes; 6. Taylor; 7. English; 
8. Kryder 28-3; 9. Kryder 28-5; 10. Richmond. 

t Umesolved peaks counted as one area. 

paring their retention tunes with those of pure standards taken under identical conditions, 
and by addition of known quantities of standards to the sample. (Since this technique 
determines probable identity of the peak components, use of the standard compound name 
implies a component of the oil which has the same retention properties as the standard.) 
The area under the peaks was computed by the trapezoidal approximation method with a 
retention time increment of 6 secg 

9 G. B. THOMAS, JR., Cafculus and Analytfc Geometry (3rd Ed.). Addison-Wesley, Readi Mass. (1962). 
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RESULTS AND DISCUSSION 

Typical Poncirus Essential Oils 

Table 1 shows the composition in per cent of the essential leaf. rind and pulp oils of 
Poncirus trifoliata L. These oils do not differ much qualitatively in the terpene and ses- 
quiterpene fraction, but show some differences in the oxygenated fraction (Fig. I). Quan- 
titatively, however, wide variations exist. Significant is the large amount of linalool in the 
pulp (Fig. 1A); it appears in much smaller amounts in the rind and even less in the leaves. 
Nerol, nonanal, octanal, (+)-limonene. phellandrene and B-myrcene also exhibit quan- 
titative differences (Table 1). 

TABLE 3. THE ESSENTIAL RIND OILS IN ?wo SELECTIONS or Puncirm 

Peak 
No. 

10 
12 
14 
15 
16 
17 
19 
20 
22 
27 
31 
33 

3zM 
4041 
4143 

45 
48 

Relative concentrations ( ‘,,I of rind oil components m fruits from north and south sides 
of selected trees 

_I---.--._ -_-_-____ 

Pomeroy Ruhldoux 
J’..__ _-_I._-- ---, 

1N 2N 3N IS 2s 3s’ G----G 6N 4s 5s 6s 

1.86 I.04 1.84 1.83 1.62 1.80 0.75 1.31 O%t-l 0.88 1.31 099 
022 0.12 017 0.18 0.16 0.18 0.04 0.06 O-03 005 0.07 0.05 

32.23 27.56 27.07 28.31 25.86 3018 26.52 24.70 24.52 15.23 28.55 27.76 
5.33 4.28 4 61 4’5 4.23 4.24 3.54 3.69 3.08 3.51 3.25 3.16 

36.73 44.19 44.34 45.76 45.01 4244 51.37 54.36 51.09 53.98 51.8’ 52.76 
15.61 13.54 12.55 10.61 12.68 13.68 12.79 Il.19 11.30 9.87 IO.28 11,58 
0.46 0.21 0.46 044 037 047 0.21 0.31 024 0.25 0.29 0.26 
0.19 0.27 0.20 0.25 0.19 0*71 0.21 o-39 0.V 0.27 0 33 @23 
0.18 0.12 0.1’ 012 0% O-12 0.26 0.5.5 0.J: 0.33 020 0.23 
0.17 009 01’ O-10 @06 0.09 0.13 0.06 0.26 0.25 0.07 0 07 
0.14 0.06 0.17 o-14 0.06 0.12 
0.36 0.13 0.29 0.18 0.17 0.24 0.10 0.13 0.13 0.16 0.07 0.10 
3.45 6.09 420 484 609 3.48 1.74 1.47 3.34 1.58 2.30 1.84 
1.08 I.10 1.50 1.18 1.37 I.18 0.44 0.29 0.93 0.85 0.47 0.33 
0.31 0.09 0.37 0.18 037 0.24 0.21 012 0.48 0.33 0.05 0.01 
0.53 0.45 0.58 053 0.71 047 0.21 005 0.38 041 0.05 0.03 
0.56 0.39 0.63 0.65 0.62 0.41 l-22 1.10 I.80 I.54 0.87 0.56 
0.58 0.30 0.78 0.47 0.37 047 0.26 0.29 1.16 0.53 0~10 007 

All selections of trifoliate orange can easily be recognized as trifoliate by their charac- 
teristic patterns (Table 2). When observing “fingerprints” of the oils. however. it must be 
borne in mind that the importance of these patterns does not rest upon an individual com- 
ponent or peak, but upon all of them together, especially in their relationships to each other. 
Only one or very few components are necessary for taxonomic differentiation, as long as 
these are taxonomically sound and consistent. The “fingerprint” characteristic for Poncirus 
consists of the peak groups 10,35-38 and 41-45. which are quite different from other tava 
tested. 

One trifoliate selection tested. which does not exhibit this pattern. is the small-flowered 
Taylor trifoliate. 

hatural Variation of Poncirus Oils 

Table 3 shows the variability of the essential rind oils within two selections, Pomeroy 
(large-flowered) and Rubidoux (small-flowered), with respect to location of the fruits on the 



T
A

B
L

B
~

. 
V

A
R

IA
T

IB
I B
E
T
W
B
E
N
T
W
~
S
E
L
E
C
T
I
~
N
S
~
F
 

P
ot

&
us

 
A
T
T
H
E
E
H
A
R
V
E
S
T
P
E
R
I
~
D
S
,
~
R
I
X
W
I
X
X
T
O
 

M
t
3
A
N
R
E
T
E
N
T
I
O
N
P
R
o
P
E
R
T
B
S
O
F
i
U
N
D
O
I
L
W
M
P
O
N
l
?
N
T
X
 

va
ria

tio
n of

 
M

ea
n

 r
el

a
ti

v
e r

et
en

ti
o

n
 v

o
lu

m
es

 o
f 

ri
n

d
 o

il
 c

o
m

p
o

n
en

ts
 

In
ea

n
re

la
ti

v
eJ

 
, 

, 
re

te
n

ti
o

n
 ti

m
es

 
1

3
 S

ep
te

m
b

er
 

5
 O

ct
o

b
er

 
2

0
 O

ct
o

b
er

 
o

f 
ri

n
d

 o
il

 
r 

‘\
 

c 
7

 
l
 

I 
1 

co
m

p
o

n
en

ts
 

P
o

m
er

o
y

 
R

u
b

id
o

u
x

 
P

o
=

ro
Y

 
R

u
b

id
o

u
x

 
P

o
m

er
o

y
 

R
u

b
id

o
u

x
 

--
 

P
ea

k
 N

o
. 

M
ea

n
 

C
.V

. 
%

 
M

ea
n

 
C

.V
. 

%
 

F
 

M
ea

n
-A

 
M

c.
v

.A
 

F
 

m
 

M
cv

.%
 

F
 

M
D

 

1
0

 
1

2
 

1
4

 
1

5
 

:f
 

1
9

 

2
0

 

z 3
1

 
3

3
 

3
s 

3
6

-3
8

 
4

0
-4

1
 

4
2

-4
3

 

: 

1.
00

 
1.

34
 

::z
 

2
-2

4
 

2.
49

 
3.

36
 

0.
39

 
0

4
6

 
0

7
6

 
1.

00
 

1.
13

 
1.

43
 

1.
62

 

::z
 

2
3

5
 

2.
70

 

6.
6 

2.
0 

1.
5 

L
Z

 
2.

5 
2.

2 
3.

7 
2.

5 
1.

5 
2.

4 

1.
67

 
0.

17
 

2
8

.5
4

 
4.

43
 

4
3

.0
8

 
1

3
.1

1
 

0
4

0
 

0.
22

 
0.

12
 

0.
11

 
0.

12
 

0.
23

 
4.

69
 

1.
24

 
0.

26
 

Q
55

 
0.

54
 

0.
50

 

19
.2

 
* 

0.
97

 
30

.0
 

l-
18

 
23

.1
 

+
 

0.
70

 
21

.5
 

19
.1

 
r;

S
 

@
O

S
 

63
.2

 
0.

11
 

21
.5

 
IiS

 
o

-0
5

 
5

6
4

 
8.

1 
2

6
2

1
 

6.
4 

2
6

.7
1

 
- 

2
5

.1
9

 
4

3
 

9.
7 

l
 * 

3.
37

 
1.

2 
4.

78
 

1c
 

+
 

3.
45

 

19
.5

 
+

* 
l
 *

 
5

2
.4

0
 

1
1

.1
7

 
2.

6 
9.

2 
4

4
.3

4
 

1
3

.8
0

 
l&

4 
8.

3 
N

S
 

+
 

5
3

.2
6

 
1

2
.3

2
 

::;
 

3.
6 

25
.1

 
N

S
 

0.
26

 
14

.9
 

0
4

8
 

14
.1

 
N

S
 

0.
41

 
16

.2
 

15
.7

 
N

S
 

O
-2

8 
2

6
3

 
0.

14
 

20
.1

 
* 

00
8.

 
35

.3
 

31
.2

 
* 

@
3

2
 

39
.5

 
0.

15
 

37
.1

 
N

S
 

0.
14

 
50

.5
 

34
.0

 
N

S
 

0.
14

 
66

.2
 

0.
11

 
38

.5
 

N
S

 
0.

11
 

41
.6

 

38
.2

 
- 

Z
i2

 
- 

0.
15

 
32

.0
 

- 
37

.1
 

* 
z;

 
0.

30
 

43
.8

 
+

 
&

O
 

;8
 

25
.6

 
* 

2.
21

 
4.

80
 

2
4

0
 

* 
2.

19
 

31
.5

 
13

.3
 

r;
S

 
0.

55
 

49
.4

 
1.

17
 

2
4

1
 

* 
0.

50
 

3
6

2
 

43
.0

 
8:

 
89

.6
 

0
4

8
 

23
.0

 
I&

 
0.

19
 

31
.6

 
17

.0
 

* 
74

.2
 

0
2

0
 

7W
 

0.
17

 
55

.8
 

8.
7 

* 
1.

18
 

38
.0

 
0

6
0

 
28

.6
 

N
S

 
0.

93
 

26
.0

 
33

.9
 

N
S

 
0.

40
 

1
0

1
.4

 
0

3
8

 
40

.3
 

* 
0.

15
 

52
.1

 

1.
41

 
0

1
1

 
2

7
.2

1
 

4:
s:

 
1

4
.2

5
 

0
4

8
 

0.
11

 
0.

18
 

0.
09

 
0.

13
 

0
2

0
 

E
 

&
I 

0.
51

 
tr

. 

21
.9

 
N

S
 

0.
96

 
24

.1
 

l
 * 

0.
05

 
* 

;::
 

* 
2

4
.1

8
 

3.
91

 
S

-5
 

**
 

5
3

.5
2

 
l@

l 
* 

1
2

.2
1

 
16

.4
 

N
S

 
0

4
8

 

32
.8

 
N

S
 

@
lo

 
18

.4
 

N
S

 
0.

15
 

41
.6

 
N

S
 

0.
11

 

2 
. 

- +
* 

&
7

 
19

6.
: 

l
 +
 * 

0
5

7
 

2.
26

 

3F
2 

&
 

0.
09

 
0.

33
 

15
.4

 
l
 

Q
94

 
- 

- 
tr

. 

21
.4

 
20

.0
 

5.
8 

;; 

3:
.:,

 

34
.6

 
58

.5
 

30
.2

 

3
2

0
 

31
.6

 
43

.2
 

6
5

8
 

47
.7

 
3

5
4

 
- 

C
.V

. 
%

-C
o

ef
k

ie
n

t 
o

f 
V

a
ri

a
ti

o
n

, t
h

e 
ra

ti
o

 o
f 

th
e 

st
a

n
d

a
rd

 d
ev

ia
ti

o
n

 to
 t

h
e 

m
ea

n
. 

F
-S

ii
if

ic
a

n
ca

 
o

f 
d

if
fe

re
n

ce
. C

h
16

d
en

ce
: 

**
=

=
9

9
%

, 
*=

9
5

0
/, 

N
S

=
=

N
o

 
si

g
n

ii
ic

a
n

ce
. 

t 
In

te
rn

a
l s

ta
+

a
rd

 
fo

r 
tc

rp
eq

e 
re

te
n

ti
o

n
 ti

m
e 

c+
u

la
ti

o
n

s 
(w

p
im

$ 
$ 

In
te

rn
al

 
st

an
da

rd
 f

o
r 

se
sq

u
it

er
p

m
c 

re
te

n
ti

o
n

 ti
m

e 
ca

lc
ul

at
io

ns
 (h

a
lo

o
l)

. 



1146 R. W. SCORA, A. B. ENGLAND and W. P. BITI-ERS 

tree and type of tree. In each selection, fruits from the north and the south side were harvested 
separately in order to study possible influences of light and temperature upon the com- 
position of the terpenes. No consistent differences were found in fruits from the north and 
south sides of the trees, but differences between the two strains were immediately apparent. 

It was possible to study the individual components independently of one another. Hon- 
ever, a correlation existed among the components, probably due to conversion of precursors. 
isomerism, interconversion and degradation. The study was continued until maturity, n ith 
later harvests from the same trees. 

In the tests made the physiological ages of the different selections were not comparable. 
Of these selections Pomeroy was chosen as representative of the large-flo~cred group and 
Rubidoux of the small-flonered group. In addition to the specific morphological characters 
there were also variations in grov,th characteristics, such as branching habit. time of flowering. 
time of deciduousness. leaf emergence. fruit maturation and fruit drop. 

In Table 4 one can obseree the statistical variations which cxistcd within and betiveen 
the Pomeroy and Rubidoux selections on three different dates of har~rst: 13 September. 
5 October and 20 October 1965. The mean relative per cent composition expressed represents 
six samples of each selection. while the mean retention times represent thirty-six chromato- 
graphic analyses. Rind oil GLC determinations for the\t: fruits have sho\\n no signifcant 
differences betneen the strains as expressed in prominent chromatogram features esccpt 
peaks 12, 15. 16. 31. 33. 35 and 36-38. Components \\hich could be significantly used to 
differentiate Pomeroy and Rubidoux in this study were (-t)-limonenc (16) and nonanol(3.5). 
Other peaks could have been used except for their natural variability \\ithin strains. It bus 
been shown that the coefficient ot’variabilit] was high \vhcn the prominent fcaturc or peak 
was the location of several unresolved components \iith similar retention properties. 

Studies on hybrids from crosses of Poncims with Red lime (Citrus rurmnt~foii~~~. Ruby 
orange (C. sinensis) and Clcmcntine mandarin (C. reticrrhtu) have shown that the chromato- 
graphic “fingerprints” of the hybrids were not intermediate. but varied grrtatly among the 
progeny. The components of the essential oils behaved somewhat independently of one 
another and certain peaks therefore were intermediate. while others rescmblcd one or the 
other parent. Hybrid patterns, hobvever. \\ere recognizable. The greatest difficult) en- 
countered uas the influence of maturity factors upon the individual components of the 
essential oils. This was especially important in crosses where one parent might have been 
early-maturing and the other late. The maturity of their hybrids often ranged bet\\eon the 
maturity dates of the two parents. In such cases it \\as difficult to compare the hybrids with 
each other if they were not of the same physiological age. Chromatographic features which 
have shown promise in the difrerentiation of such hybrids included 10. 15. 16. 17.X,25.37. 
35, 36 and 41-45. The natural fluctuation of component quantity. ho\\ever, must be well- 
understood in order not to be interpreted as a differentiating characteristic for tnxonomic 

classification. It is important, then, to explore the most appropriate tlrnc of hanesting in 

order to obtain data for comparative purposes. 
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