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TABLE 2
Fatty Acids Composition of AgNOJMethanol-Reacted Methyl
Ester (%wt) Derived from Gnetumscandens, Sterculiapallens and
Sterculia foetida Seed Oils

Fatty acids G. scandens S . pallens S . foetida

Myristic (14:0) 0.35 3.15 --
Palmitic (16:0} 15.51 21.14 --
Palmitoleic (16:1) -- -- 1.0
Stearic (18:0) 10.20 2.85 3.4
Oleic (18:1) 16.22 40.20 9.4
Linoleic (18:2) 15.00 21.79 1.3
Linolenic (18:3) 2.85 -- --
Malvalic

3.31 6.5(Etherderivative) 10.36}11.27 0.56}3.87 0.6}7.1
(Ketone derivative) 0.91

Sterculic
(Etherderivative} 27.25} 6.06} 48.8~
(Ketone derivative) 1.32 28.57 0.91 6.97 2.4t51.2
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,% Chemical Evaluation of Egyptian Citrus Seeds as Potential Sources
of V e g e t a b l e Oils
M.A. Hablb, M.A. H a m m a m , A.A. Sakr ond Y.A. Ashoush
Department of Soll Science, Facultyof Agriculture, University of Mlnuflya, Shebin EI-Kom, Egypt

Seeds of the citrus fruits orange, mandarin, lime and
grapefruit were analyzed. Petroleum ether-extracted
oils of such seeds amounted to more than 40% of each.
Physical and chemical properties of the extracted oils
are presented. Samples of the extracted oils were
saponified and the unsaponifiables and f a t t y acid
fractions isolated. T h e isolated unsaponifiables and
f a t t y acids were analyzed by GLC. GLC analysis of the
unsaponifiables revealed compositional patterns differ-
ent in number, type and relative concentration of
fractions according to type of citrus seed oil, depending
on the solvent system used for oil extraction and
unsaponif iable matter isolation. T h e compositional
patterns of the unsaponifiables were similar to that of
cottonseed oil. Mandarin and grapefruit oils are free of
cholesterol. T h e data demonstrate that the f a t t y acid
compositional patterns of the oils differ; Mandarin seed
oil contains the largest number of fatty acids, and
grapefruit seed oil contains the lowest. T h e t o t a l
amounts of volatile fatty acids in these oils are generally
higher than those of other edible oils. Lime seed oil is
similar, in the degree of unsaturation, to soybean oil.
T h e orange oil pattern is similar to cottonseed oil. T h e
amount of total essential f a t t y acids in lime seed oil is
the highest of the oils studied.

A number o f workers have s t u d i e d t h e fa t ty acid
composition o f c i t rus seed oils. M e h t a e t al. (1) s t u d i e d
the fa t ty acid composition o f orange seed oil and found
t h a t s a tu r a t ed fa t ty acids represented 12.08%. French
(2) identified the fa t ty acids palmitic (28%), stearic
(5.4%), oleic (22.6%), linoleic (37.2%} a n d linolenic {6.5%}
in c i t rus seed oils. Braddock and Kesterson (3) s t a t e d
t h a t t h e properties a n d characteristics o f c i t rus seed oils
are similar to cottonseed oil. One notable difference is
t h a t linolenic acid is p r e s e n t in appreciable amounts in
c i t rus seed oils b u t only t races are f o u n d in cottonseed
oil. They a d d e d t h a t from t h e nut r i t iona l aspect c i t rus
seed oils are similar t o o t h e r vegetable oils hav ing a
relatively high c o n t e n t o f t h e essential linoleic a n d
linolenic acids.

Abdel-Baki and H a s s a n (4) repor ted t h a t in Egypt ian
orange seed oil oleic acid is t h e major fa t ty acid. Abdo (5)
studied t h e fa t ty acid composition o f Egypt ian o range
seed oil and identified palmitic, s tea r ic , palmitoleic,
oleic, linoleic and linolenic ac ids a t 22.46%, 4.73%,
0.73%, 30.3%, 38.88% a n d 1.86%, respectively.

A t p r e s e n t no c i t rus seed oils are produced commer-
cially in Egyp t . Braddock and Kesterson (3) repor ted
t h a t t h e commercial production of c i t rus seed oils in
Florida (USA} had reached 13 million kg in 1970-1971.

The p r e s e n t investigation was therefore performed t o
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T A B L E 1

Chemical Composition of Citrus Seeds (on dry weight basis)

1193

Percentage composi t ion

C a r b ~
Ci t rus type Lipid Prote in hydrate Ash

mg/100 g

P C a K Na

O r a n g e 45.46 17.40 34.13 2.95 40 45 66
Mandarin 40 .20 16.50 39.75 3.53 53 30 50
Lime 42.65 13.75 40.56 2.19 51 46 30
Grapefruit 41 .36 16 .60 39.20 2.60 58 32 52

18
12
22
32

T A B L E 2

Physical and Chemical Characteristics of Citrus Seed Oils

Oil properties

UNS Densi ty I n d e x Iodine Acid Sap.
Source of oil % d26C n26C value value value

Cottonseed 1.65 0 .921 1.4641 108.3 0.74 196.0
O r a n g e 1.28 0 ,933 1.4681 99.2 0.21 196.8
Mandarin 1.18 0 ,912 1.4650 82.5 0.65 186.2
L ime 1.15 0 .922 1.4671 89,3 1.20 191,3
Grapefruit 0.95 0 .913 1.4662 91,4 0.90 189.6

T A B L E 3

Unsaponifiable Matter Composition of Orange Oil as A f f e c t e d by SolventSystems

Relat ive concentration (%)b

Cottonseed
Fract ion RRTa I I I I I I (UNS)

Unknown 0.08 2.26 -- 8.73 3.77
Unknown O. 11 1.28 -- -- --
C,8 0.14 2.05 1.90 9.14 0 .72
Unknown 0.20 1,28 4.93 1.87 10.38
C2o 0.25 25.81 1.90 8.31 1.88
Unknown 0.30 -- -- 2.07 13.31
C22 0.35 0.64 5.30 8.81 3.14
Unknown 0.40 -- -- -- 13 .21
C23 0.53 1.92 -- -- 2.36
C24 0.53 34.57 41.71 29.09 12.26
C~6 0.57 -- -- 1.62 12.26

C28 0.63 -- 0.95 -- 3.77
Squalene 0.73 1.28 37.16 29.92 20.29
C32 0.82 2.69 -- 0.25 0.88

Cholesterol 0.87 -- 0.26 0.16 0.38
Campesterol 0.91 -- -- 0.50 0.56
~-si tosterol 1.00 17.92 0.19 -- 0.88

N u m b e r of fraction 12 I0 12 16
T o t a l s terols % 17.92 0.45 0.66 1.82
Unknowns % 7.08 4,93 12.24 40.67

a R R T , Retent ion t i m e of fractions relative to/3-s i tos terol (16 min).
bSolvent sys tems . I, Chloroform-MeOH, 2:1 for oil ex t . , d ie thyl e t h e r for UNS ext ; II,
Pe t . e t h e r for UNS ext ; III, n-Hexane for oil ex t . , pe t . e t h e r for UNS ext .
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chemically evaluate the Egyptian citrus seeds, name ly
orange, mandarin, lime and grapefruit, with comparison
t o cottonseed and soybean oils as commonedible oils, for
oil production.

The recovery of edible citrus seed oil and meal w o u l d
r e s u l t in increasing the world supply of food and
u p g r a d i n g the product utility and economic value, and
also serves as a m e a n s of r e d u c i n g problems of w a s t e
control and pollution.

MATERIALS A N D METHODS

O r a n g e , m a n d a r i n , lime and grapefruit seeds were
obtained from "A1-Mohands National Food Products"
(Schweppes) Ismailia, Egypt. Cottonseeds and soybeans
were obtained from the local market.

The seeds were d r i e d at a b o u t 70 C for 12 hr and then
well ground. The c r u d e fat , protein, carbohydrate and
ash contents were determined according t o AOAC
methods (6). Phosphorus was determined according t o
the Chapman and P r a t t procedure (7). Sod ium and
potassium were determined by a DU F l a m e spectro-
photometer as described by Chapman and P r a t t (7).
Calcium and magnes ium were determined by titration
with standard versene solution according t o J a c k s o n (8).

The crude oils were extracted with petroleum ether,
and the ordinary oil constants, i.e. acid value, saponifi-
cation value, iodine value, refractiveindex and specific
gravity, were estimated according to A O A C methods (6).

The crude oil samples were saponified overnight with
methanolic K O H at room temperature. The unsaponifi-
able matters were isolated by extraction with diethyl
ether or petroleum ether three times. The fatty acids
were freed from their potassium slats by acidification
with sulfuric acid {5N), followed by extraction with
diethyl ether. The ether solutions were washed with
distilled w a t e r and d r i e d over anhydrous s o d i u m sulfate.

GLC analysis o f citrus seed oil unsaponifiable matters.
The isolated unsaponifiables (UNS) were analyzed by a
P e r k i n E lmer Sigma 3B gas chromatograph u n d e r the
following operating conditions: coiled g l a s s column 3%
2100, p r o g r a m 180-300 C, 5 C/min; gas flow r a t e , 30
ml /minN2, 33 ml/min H2, and 200 ml /min air.

Analysis o f f a t t y acid m e t h y lesters by GLC. The t o t a l
fat ty a c i d s and s t a n d a r df a t t y acids were methylated by
u s i n g an e t h e r solution of diazomethane, as described by
Vogel (9L

The methyl esters prepared from oil samples and
standard materials were analyzed by a Pye U n i c u m gas
chromatograph equipped with a dual flame ionization

TABLE 4

C o m p o s i t i o n of U n s a p o n i f i a b l e Matter I so la ted by Extrac t ion with Petroleum E t h e r
from Oil Extracted with n-Hexane from Orange, Mandarin, Lime and Grapefruit ,
Compared to Cottonseed

Relative concentration {%)
Cotton- Man- Grape-

Fraction RRTa seed Orange darin Lime fruit

Unknown 0.08 3.77 8.73 4.40 0.62 --
Unknown 0.11 -- -- 1.22 1.92 5.60
C~8 0.14 0.72 9.14 0.73 4.94 0.56
Unknown 0.20 10.38 1.87 10.27 8.99 16.79
C2o 0.25 1.88 8.31 0.73 2.52 0.63
Unknown 0.30 13.21 2.07 9.78 11.99 --
C~2 0.35 3.14 8.81 9.29 8.99 1.12
Unknown 0.40 13.21 -- 13.20 10.31
C23 0.45 2.36 -- 8.31 -- 16.79
Unknown 0.50 -- -- 4.40 --
C~, 0.53 12.26 29.09 4.40 35.37 7.46
C26 0.57 12.26 1.62 -- 1.56
C2s 0.63 3.77 -- 9.48 4.08 3.73
Unknown 0.70 -- -- -- 5.93 --
Squalene 0.73 20.29 29.92 19.56 0.60 28.74
Unknown 0.79 -- -- 0.77 -- 0.74
C32 0.82 0.88 0.25 2.20 0.24 0.29
Choles tero l 0.87 0.38 0.16 -- 0.35
Campesterol 0.91 0.56 0.50 0.29 -- 0.19
Unknown 0.96 . . . . .
~-sitosterol 1.00 0.88 -- 0.73 0.48 0.52

Number of fractions 16 12 17 16 13
Total sterols % 1.82 0.66 1.02 1.02 0.71
Unknowns % 40.55 12.67 43.64 43.64 23.13
Cholesterol % 0.38 0.16 -- -- --

aRRT, retention time of fraction relative t o f~-sitosterol (16 rain).
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T A B L E 5

F a t t y A c i d Compos i t ions of Oils Obtained from S e e d s of Orange, Mandarin, Lime and Grapefrui t i n
C o m p a r i s o n to T h o s e of Cottonseed and Soybean Oils

Relative percent of fatty acid

Fatty acid RRTa Cottonseedb Soybeanb Orange Mandarin Lime Grapefruit

8:0 0.05 1.24 -- -- 2.19 -- --
10:0 0.09 1.10 -- 5.42 3.23 0.85 8.43
Unknown 0.19 -- -- 1.52 3.72 -- --
12:0 0.24 0.73 -- -- 3.09 0.99 --
Unknown 0.28 -- -- -- 2.44 -- --
Unknown 0.32 -- -- 0.43 5.15 -- --
Unknown 0.36 0.93 -- -- 3.14 -- --
Unknown 0.43 -- -- -- 2.22 -- --
14:0 0.50 1.33 -- -- 3.46 -- --
Unknown 0.61 -- -- -- 5.98 -- --
15:0 0.69 -- -- -- 2.41 -- --
15:1 0.79 0.53 -- -- 3.18 -- --
16:0 1.00 18.98 13.52 28.81 18.08 19.08 42.64
16:1 1.12 0.88 -- 0.65 2.09 0.28 --
18:0 1.95 7.08 9.81 2.60 7.79 0.84 0.83
18:1 2.14 26.03 26.65 23.72 16.76 17.07 12.18
18:2 2.62 41.17 46.01 30.98 13.53 18.62 34.49
18:3 3.33 -- 3.00 6.50 -- 42.27 1.41

aRRT, retention time of fraction relative to palmitic acid {8min).
bCottonseed and soybean oils were GLC analyzed under conditions similar to those used for citrus oils.

detector. The separation of fat ty acid methyl esters was
conducted in a coiled g l a s s c o l u m n (1.5 × 4 m) packed
with diatomite C {100-120 mesh} and c o a t e d with 10%
P E G A . The c o l u m n was operated isothermally at 190 C
with N2 at 300 ml/min; detector and injector tempera-
t u r e s were 220 C and 200 C, respectively.

Identification and determination o f GLC fractions.
Peak identification was performed by comparing the
relative retention time of each fraction with t h o s e of
standard materials. The relative retention time {RRT) of
~-sitosterol and palmitic acid was g iven a v a l u e of 1.00.
The peak area was measured by triangulation; the
relative proportion of the individual compound was,
therefore, obtained by determining the partial a reas in
relation t o t o t a l areas.

RESULTS A N D DISCUSSION

Data recorded in T a b l e 1 indicate that Egyptian orange
seeds contain 45.5% oil, w h i c h is within the average
amounts reported by Diedrichs {10}, Loba et al. {ll},
M e h t a et al. {1}, Zaganiaries (12} and Abdo (5). S e e d s of
E g y p t i a n mandarin, lime and grapefruit contain similar
percentages of oil t o orange seeds. It is n o t e d that the oil
content is relatively h ighe r in comparison with o t h e r oil
seeds traditionally used as sources of e d i b l e oils.
Therefore, citrus seeds w h i c h are considered as waste
materials, may be used as good and new additive sources
of oil. T h e s e seeds also contain considerable amounts of
protein, i.e., from 13.7% in lime seed t o 17.4% in orange
seeds. Citrus seeds also have relatively high mineral
contents.

Physical and chemical properties o f citrus seed oils.

The oils isolated from citrus seeds were pale yellow in
color. They had a s l i gh t odor and a characteristic taste.
Table 2 indicates that physical and chemical properties
of orange, mandarin, lime and grapefruit seed oils are
q u i t e similar t o those of cottonseed oil. However, the
acid v a l u e of lime seed oil is q u i t e high in comparison
with the o t h e r citrus seed oils and cottonseed oil.

GLC analysis of unsaponifiables o f citrus seed oils:
Effect of extraction solvents on composition. T h r e e
solvent systems were used in extracting oil samples and
t h e i r unsaponifiable m a t t e r contents. They were:
S y s t e m I, chloroform-methanol (2:1, v/v} for oil
extraction and diethyl e t h e r for unsaponifiable extrac-
tion; S y s t e m II, petroleum e t h e r for oil extraction and
diethyl e t h e r for unsaponifiable extraction; S y s t e m III,
n-hexane for oil extraction and petroleum e t h e r for
unsaponifiable extraction.

T h e isolated unsaponifiables were analyzed by GLC,
and the results are presented in Tables 3 and 4.

It is shown in T a b l e 3 that the composition, in t e r m s of
number, t y p e and concentration of fractions isolated
from orange oil unsaponifiables, v a r i e d markedly with
the t h r e e solvent systems. Unsaponifiables isolated with
S y s t e m I contained 12 fractions with h ighe r relative
content of sterols {17.9%}; S y s t e m I I extracted the lowest
n u m b e r of fractions, 10, with the lowest total sterol
content {0.45%}. S y s t e m III extracted 12 fractions with
the h i g h e s t total sterol content {0.66%}. The effect of
solvent systems also was obvious in the presence and
concentration of cholesterol. Because the presence of
cholesterol, w h i c h showed by GLC analysis, has not
been confirmed by o t h e r m e a n s such as NMR and MS, it
could be something else.
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TABLE 6

Characteristic Fatty Acids Groups in Oil Extracted from Seeds of Orange, Mandarin,
Lime and Grapefruit in Comparison with Those of Cottonseed and SoybeanOils

Relative percent of FA

Cotton- Man- Grape-
FA groupsa seed S o y b e a n Orange darin Lime fruit

TotalNo. of FA 11 5 9 17 8 6
TVFA 2.34 -- 5.42 5.41 0.85 8.43
TUFA 68.61 75.66 61.42 32.38 78.30 48.08
TSFA 30.46 24.34 36.83 46.79 21.70 51.92
TEFA 41.17 49.01 37.48 13.53 60.89 35.90

Major fatty acids
Palmitic 18.98 13.52 28.81 18.08 19.08 42.64
Oleic 26.03 26.65 23.72 16.76 13.07 12.18
Linoleic 41.17 46.01 30.98 13.53 18.62 34.49
Linolenic . . . . 42.22

aFA, fatty acid,TVFA,total volatile fatty acids (<C,o); TUFA,total unsaturated fatty
acids; TSFA, total saturated fatty acid; TEFA, total essential fatty acid (C,8~ + C,8~}.

The compositional pat te rn of unsaponifiable mat te r of
mandarin oil also was influenced by the different
solvents used. Whereas Sys t em III-extracted unsapon-
ifiables contained 1.02% t o t a l sterols, the unsaponifi-
ables extracted with s y s t e m II contained 14 fractions
with 2.16% t o t a l sterols. The unsaponifiables extracted
with Sys t em I contained nine fractions and 3.8% t o t a l
sterols. The unsaponifiables extracted with the three
different s o l v e n t sys tems were completely free o f
cholesterol.

The da t a ob ta ined indicate t h a t unsaponifiables
isolated from line oil also var ied in their compositions
according t o t h e solvent s y s t e m used for extract ion.
Unsaponifiables characterized with the lowest number
of fractions, 13, and highest sterol contents {1.99%} with
zero cholesterolwas obtained by u s i n g Sys t em I. Solvent
Systems II and III extracted cholesterol and 0.30% and
0.35% concentrations, respectively.

Quite similar observations were made in unsaponifi-
ables extracted from grapefruit seed oil, b u t the
importance was t h a t cholesterol could not be detected
with the three solvent sys tems used in this study.

Comparative studies on citrus seed unsaponifiables.
From the previous data it can b e concluded t h a t the
preferable solvent s y s t e m is Sys t em III. The composi-
t iona l da t a for all oils with Sys t em III are l i s ted in Table
4. These da t a indicate t h a t the compositional pat te rn of
unsaponifiable matters extracted from ci t rus seed oils is
var ied in number , type and relat ive concentration of
fractions. Cholesterol content in cottonseed unsaponifi-
ables was h ighe r than t h a t found in all c i t rus seed
unsaponifiables. The unsaponifiables of mandarin seed
oil and grapefruit seed oil are completely free of
cholesterol. The major components of unsaponifiables
var ied according to c i t rus variety; while the hydro-
carbons C2o and C24 represent the major fract ion in
orange unsaponifiables, squalene represents the major
fract ion in mandarin unsaponifiables. C22, C , and
squalene represen t t h e m a j o r componen t s o f lime
unsaponifiables. Grapefruit unsaponifiables contain C ,

and squalene as m a j o r fractions, while cottonseed
unsaponifiables conta in C24,C, and squalene as m a j o r
components.

Fat t y acid composition of citrus seed oils. Tables 5
and 6 show t h e fa t ty compositional p a t t e r n s found in
oils extracted from the seeds of orange, mandar in , lime
a n d grapefruit in comparison with those o f cottonseed
and soybean oils.

It is c lear from t h e s e da t a t h a t t h e fa t ty acid
composition varies significantly with the source o f oil.
Such differences can be grouped as follows:
• The t o t a l number of fa t ty acids was 9, 17, 8 and 6 in

orange, mandar in , lime and grapefruit oils, respec-
tively, in comparison with 11 in cottonseed oil and 5 in
soybean oil.

• The relat ive concentration of t o t a l volatile fa t ty ac ids
{TVFA} was 5.42%, 5.41%, 0.85% and 8.43% in oils of
orange, mandar in , lime and grapefruit, respectively,
in comparison with 2.34% in cottonseed oil and zero in
soybean oil.

• The relat ive amount o f t o t a l u n s a t u r a t e d fa t ty acids
{TUFA} was 61.42%, 32.38%, 78.30% and 48.08% in
oils of orange, mandar in , lime and grapefru i t . The
concentration of TUFA in oils of cottonseed and soy-
bean was 68.1% and 75.66%, respectively.

• To ta l e s s e n t i a l fa t ty ac ids (TEFA) c o n t e n t was
37.48%, 13.53%, 60.89% and 35.90% in oils of orange,
mandar in , lime and grapefruit, respectively; it was
41.17% and 49.01% in cottonseed and soybean oils,
respectively.

• Palmitic, oleic and linoleic acids represent t h e m a j o r
fa t ty acids in all oils; lime oil contains, in addition, a
high content of linolenic acid {42.22%}.
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,% Number of Double Bonds in Fatty Acids from Fats and Oils by HPLC
Using Pentafluorobenzyl Esters
A.G. N e t t i n g
School of Biochemistry, University of New South Wales, P.O. Box1, Kensington, NSW, 2033, Australia

A simple, one-pot procedure for the saponification of
fats and oils and the subsequent esterification of the
resu l t ing f a t t y ac id sa l t s with pentaf luorobenzyl
bromide i s presented. A normal phase high pressure
l iqu id chromatographicprocedure for the separation of
t h e s e pentafluorobenzyl es ters , primarily on the degree
of unsaturat ion, i s a l so given. Chromatographic
detect ion of the esters can be carried out conveniently at
254 nm, and the procedure shou ld therefore f ind
application in the routine determination of the number
of double bonds in fatty acids from fats and oils.

In a recen t publication (1), we examined the chromato-
graphic properties of fa t ty acid pentafluorobenzyl (PFB)
es te r s in both normal and reversed p h a s e systems. W e
found a normal phase s y s t e m t h a t essentially separates
the fa t ty acid PFB esters on the number o f double bonds
in t h e fa t ty acid moiety . Although there is a small
separation b a s e d on the number of ca rbon a toms , we felt
this technique offered considerable promise fo r rapidly
monitor ing t h e degree o f unsa tu ra t i on o f va r ious
commercial fats and oils. This n o t e , t h e n , presents a
simple method for achieving this aim and gives the
resul t s of its application t o some domestically used fats
a n d oils.

EXPERIMENTAL

The following fats and oils were obtained from local
retail outlets: Tandaco suet mix, 40% rendered beef
suet, 60% aera ted flour, Cerebos (Aust,) Ltd., Seven
Hills, New S o u t h Wales Australia; AUowrie Lard, PDS
R u r a l Produc ts Ltd., S y d n e y , New S o u t h W a l e s ,
Australia; No Frills Butter , Franklins P/L, Chullora,
New S o u t h Wales, Australia; San Giorgio olive oil, San
Giorgio Sez. Agric SpA, Pomezia, I ta ly; No Frills
Sunflower Oil, Polyunsaturated, Franklins P/L, Chul-
lora , New S o u t h W a l e s , Aus t ra l ia ; M e a d o w Lea
polyunsaturated margarine {P/S>2:I), Vegetable Oils
P/L, M a s c o t , New S o u t h W a l e s , Aus t ra l i a , a n d
Glendale raw linseed oil, Glendale Chemical Products
P/L, Alexandria , New S o u t h Wales, Australia. Approx-

imately 20 mg (54 mg o f suet, t o compensa t e for f lour
content) of each fat o r oil was a d d e d t o a small screwcap
tube followed by 1 ml of 0.2 M KOH in methanol . The
tubes were then incubated a t 90 C for 25 min. As Kihara
e t al. (2) have pointed out, der ivat izat ion procedures t h a t
utilize fa t ty acid sa l t s can be performed in the same
reac t ion vessel as t h e saponification. Accordingly, t h e
methano l was evaporated from each tube u n d e r a s t ream
of N2. In t h e case of suet only, the white solid material,
which was presumably t h e flour, was removed b y
fil tration u s i n g a Gelman Sciences Inc. (Ann Arbor ,
Michigan, USA) Acro LC13 0.45 micron disposable
filter. The addi t ion of 1 ml of 0.1 M tet rabuty lammon-
ium hydrogen sulphate (Fluka, B u c h s , Switzerland), 1
ml dichloromethane and 20 ~1 (ca. 2-fold XS) p e n t a -
fluorobenzyl bromide (Fluka) followed. The mixtures
were then incubated a t room temperature with vigorous
shak ing fo r 40 min. T h e s e cond i t ions essent ia l ly
reproduce t h o s e g iven b y Ehr s son (3), and therefore all
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FIG. 1. PFB esters from linseed oil. Contains PFB 16:0, PFB 18:0,
PFB 18:1 (0.069 AU), PFB 18:2, PFB 18:3. Chromatograms (Figs. 1
and3-8)andlog retention data(Fig.2)forthePFB estersderivedfrom
various fats andoils. In all cases the column was 5 ~zm silica elnted
with10%dry dichloromethane, 90%halfwatersaturatedhexane.The
chromatograms were monitored at263nmandare normalized to the
largest peak (absolute absorbance given for each chromatogram).
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