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EFFECT OF MATURITY ON LIPID CLASSES AND FATTY ACID COMPOSITION OF CASSIA SEEDS
Shahina Zaka, M. Waheed Akhtar* and Shafig Ahmad Khan

PCSIR Laboratories, Lahore-16

(Received May 18, 1986)

The major lipid classes and their constituent fatty acids in maturing seeds of Cassia absus, Cassia
fistula and Cassia occidentalis have been anlaysed. Generally in all the three seed oils a continuous
increase in the contents of triacylglycerol was observed whereas the contents of all other neutral lipids
decreased with maturity. The contents of polar lipids on the whole decreased with maturity. The inajor
fatty acids in all the three species were palmitic, oleic and linoleic. Fatty acid composition of non-
polar and polar lipids changed as the seeds matured, but the fatty acids of polar lipids were more
saturated than those of the non-polar lipids throughout the sampling periods, 12 weeks for C. absus and

C. occidentalis and 24 weeks for C. fistula.
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INTRODUCTION

Formation of fatty acids takes place in the lipids of
the developing seeds. This biosynthesis needs extensive
studies for reaching any conclusions. However, it is nece-
ssary to know the period when the seed has the maximum
lipid synthesising activity. One way of study is to quanti-
tatively determine the lipid formation in the developing
seeds right from the flowering stage till maturity. It is also
known that the fatty acid composition of oils in seeds
changes during the period of maturity. These changes as
well as the lipid contents have been studied by various
workers in the maturing seeds of soyabean [1], castor
beans [2], rapeseed [3] and sunflower [4]. As a result of
these studies it has been observed that there occurs a rapid
synthesis of fatty acids during a very brief period early in
the development of the seed oils.

The developing/maturing seeds utilise their fatty acids
for the formation of different lipid fractions which can
be determined by examining the changes in the lipid
classes.. In fact many studies have been carried out wherein
lipid classes of the developing seeds were separated and
chemically examined [5-7]. The results of these studies
confirmed that fatty acids in the developing seed oils were
utilised in the formation of different classes of lipids.

In continuation of the studies related to the Cassiz
species the present paper provides information concerning
the lipid synthesis in the developing seeds of C. absus,
C. fistula and C. occidentalis seed oils. A literature survey
revealed that no such study has so far been done. During
the studies, it was observed that the seeds of C. absus and
C. occidentalis matured in 12 weeks and those of C. fistula
in 24 weeks after flowering. It was further observed that
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lipid synthesis was most active between 2nd to 6th week
for C. absus and C. occidentalis and 4th to 12th weeks
after flowering for C. fistula respectively'. The lipids were
extracted from the seeds with a mixture of chloroform
and methanol (2:1 v/v) and separated into different classes
by thin layer chromatograph on silicic acid. Generally it
was noticed that triacylglycerol contents increased whereas
neutral lipid classes decreased with maturity of the seeds, or
the contents of polar lipids on the whole decreased with
maturity.

The major fatty acids, in lipids of the three species,
were palmitic, oleic and linoleic. The fatty acid composition
of the non-polar and polar lipids also changed with the
maturity of the seeds. The fatty acid compositions were
usually determined by gas, column and thin layer chro-
matographic techniques.

Plant Material. Cassia absus; Cassia fistula and Cassia
occidentalis seed samples were harvested in the fields of
PCSIR Laboratories Lahore. Sampling commenced from
2nd to 12th week after flowering for C. absus and
C. occidentalis and on 4th till 24th weeks after flowering
for C. fistula seeds. These intervals were commenced as
physiological maturity stage I-VI. The seeds from various
maturity stages were combined and immediately frozen in
plastic bags till used.

MATERIALS AND METHODS

Reagents and standards for thin layer chromatography
were prepared by the method of Singleton, Thomas and
Ralston [8,9].

Seeds were removed from storage, freeze dried and
moisture contents were determined by heating the seeds
in an airoven at 110° until a constant weight was obtained.
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Lipid extraction. Mature seeds were weighed, crushed
and soaked in chloroform/methanol (2:1, v/v) for 18 hr
and then extracted 3 times at 3 hr intervals. The pooled
extracts were concentrated at 40° in a rotary vacuum
evaporator, washed with 0.9N sodium chloride solutipn to
remove non lipid impurities and dried over anhydrous'
sodium sulphate [10]. The immature seeds were homo-
genized and the lipids extracted as in mature seeds. An
aliquot of the total lipids extract was dried to a constant
weight for the determination of the percentage of lipid
[11].

Separation of lipid classes by column and thin layer
chromatography. The total lipid extracts were separated
into neutral and polar fractions by silicic acid adsoption
chromatography. The (35-70) mesh silicic acid (E. merck
ASTM KorngroBe Germany) activated hy heating at 120°
for 24 hours and hexane/diethyl ether (7:3, v/v) were used
as the eluting solvents. The solvents were evaporated under
nitrogen at 50° and lipid fractions were stored. The non
polar and polar classes of lipids were isolated by thin layer
chromatography on silica gel G (E. merck D. G. KorngroBe
Germany) using 20 x 20 cm plates. For neutral lipids
hexane/diethyl ether/acetic acid (80:20:2) and for polar
lipids chloroform / methanol / ammonia (30%) |/ water
(60:35:5:2.5) were used for developing plates. 5 ul of 10%
solution of each of the lipid samples in chloroform were
spotted on an activated plate. The various lipid fractions
were identified by spraying the plates with the specific
reagent [12]. Aliquots of the non-polar and polar lipids
(75-50 mg) were streaked on glass plates (20 x 20 cm)
and developed with the solvent system given above. The
resulting bands were made visible under UV lamp by spray-
ing with methanolic 2’, 7', - dichlorofluorescein. Lipid
classes were identified by comparison of their Rfs with
those of the standard under identical condition.

Typical Rfs of the non-polar lipid classes were hydro-
carbon-wax ester, 0.97-0.95; triacylglycerol, 0.90; free fatty
acid, 0.42; Sn-1, 3-diacylglycerol, 0.40; Sn-1, 2-diacyl-
glycerol, 0.39; monoacyl glycerol 1, 0.30; monoacylgly-
cerol 2, 0.28.

The Rfs of the polar lipid classes were monoglactosyl
glyceride, 0.13; phosphatidyl ethanolamine, 0.30; phos-
phatidyl choline, 0.46; digalactosyl glyceride, 0.58; lyso-
phosphatidyl ethanolamine 0.72; lysophosphatidyl choline,
0.86.

Gas chromatography. The bands were marked and then
scraped into 50 ml conical flasks containing 1 ml of internal
standard (1% w/v, margaric acid dispersed in diethyl ether)
and 25 ml of diethyl ether. The contents of the flasks
and additional 25 ml washings were filtered through a

tritted disc funnel and the filtrate evaporated to dryness in
a rotary evaporator under nitrogen. The dried residue was
dissolved in 1.5ml of chloroform/methanol and methy-
lation was carried out by the method of Moorison and
Smith [3].

The GC analysis was carried out on a PYE-Unicam
204 Series unit using a glass column, (1.5 x 4mm), packed
with 20% PEGS on diatomite (80-100 mesh). Column
temperature was maintained at 200° and nitrogen was
used as carrier gas at a flow rate of 40 ml/min. Detection
was made by ionisation detection. The detector was
maintained at 250°. Peak areas and thus percentage of the
fatty acids were obtained from the product of the reten-
tion times and respective peak heights. The amounts of
total fatty acids were determined by comparing the total
peak area of all the fatty acids in each fraction with that of
the internal standard. The relative weight percent of each
fatty acid was used to calculate the proportions of non
polar and polar lipid fraction. The results of GC analysis
are given in Table (3-16).

RESULTS AND DISCUSSION

Changes in lipid and lipid class contents. Percentages
of lipids extraction from C. absus, C. fistula and C. occiden-
talis mature seeds as determined by AOCS official methods,
were 4.8%, 4.0% and 3.55% respectively. The lipid contents
of the seeds increased during the early maturity stages and
the most rapid increase occurred after stage 3. This
indicates that at stage 3 and beyond, lipid synthesis
becomes the dominant reserve accumulation mechanism.
The total lipids extracted and moisture contents are given
in Table 1.

The distribution of lipid classes in the three seed oils
presented in table 2 showed great similarity in the

Table 1. Moisture and lipid contents of six physiolo-

gical stages.
Maturity Moisture Total  Neutral Polar Neutral
stage % lipid lipid  lipid lipid/
% % % Polar
lipid

(a) Cassia absus seed oil

68.20 0.71 41.45 58.55 0.70

57.30 2.10 4232 57.88 0.73

46.40 3.24 43.77 56.23 0.77

39.10 3.70 46.71 53.29 0.87

13.00 4.30 47.52 5248 0.90

6.40 4.80 49.89 50.11 0.99
(Continued . . .. .. )
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(Table 1, continved)
(b) Cassia fistula seed oil

L. 63.60 0.48 3485 65.15 0.54
2., 58.50 1.45 36.70 63.30 0.68
3. 50.00 2.62 37.10 62.90 0.59
4. 38.50 3.00 39.06 60.94 0.64
5 15.00 3.53 40.14 59.85 0.67
6. 7.81 4.00 41.28 58.72 0.72
(c) Cassia occidentalis seed oil
1. 65.25 0.59 38.38 61.62 0.62
2 54.00 1.73 39.48 60.52 '0.65
3, 42.3 2.80 4126 58.74 0.70
4. 30.01 2.95 43.04 56.00 0.76
S, 15.00 341 4551 5449 0.83
6. 5.00 3:55 46.44 53.56 0.86

development of lipid classes as the seeds matured. Triacyl-
glycerol, the major component of the lipids present
increased from 4.65% - 28.20% in C. absus; 3.21% - 19.65%
in C. fistula and 2.35% -+22.37% in C. occidentalis. The
increases were highest during the more immature stages
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examined. This increase in triacylglycerols results in
increase of seed oil content. There was also a high content
of free fatty acid in immature seeds and their relative
weight percentages decreased from 15.09% - 3.82%, in
C. absus; 8.20% - 1.43% in C. fistula and 10.20% - 2.76%
in C. occidentalis as the seed matured.

Diacyglycerols were the dominant lipids alongwith
small amounts of monoacylglycerols. The percentage of
Sn-1, 2:diacylglycerols, Sn-1, 3-diacylglycerols; monoacyl-
glycerols 1 and 2 and hydrocarbon-wax ester fractions
were decreased with maturity and were almost similar
throughout maturity stages. It appears that these classes
take part in the earlier stages of development. The main
components of polar lipids were monogalactosyl glyceride;
phosphatidyl ethanol amine; phosphatidyl choline; digala-
ctosylglyceride; lysophosphatidyl ethanolamine and lyso-
phosphatidyl choline. Other polar lipids were present in
quantities too small to be detected. Phosphatidyl ethanol
amine was the main component in the early stages and
decreased from 26.6% - 15.8% in C. absus;27.32% - 18.21%
in C fistula and 25.91% - 17.20 in C. occidentalis as the
seeds matured. Phosphatidyl choline relatively minor at the

Table 2. Percentage composition of lipid classes in six physiological stages.

Maturity =~ Hydro- Triacyl Free 1, 3-Di 1,2-Di  Mono-

Mono-

Monoga- Phospha- Phospha- Diagala- Lyso- Lyso-
stage carbon  glyce- fatty  acyl acylgly- acyl acyl lacto- tidyl tidyl ctosyl phospha- phospha-
wax rol acid glycerol  cerol  glycerol glycerol syl gly- ethanol choline glyceride tidyl tidyl
ester 1 2 ceride amine ethanol choline
amine
(a) Cassia absus seed oil
1. 1.45 465 15.09 5.49 6.21 4.11 4.45 12.31 26.06 6.30 10.56 2.21 1.11
2. 1.43 6.11 1448 5.46 6.08 4.01 4.25 11.29 25.31 8.60 9.98 1.78 0.92
3. 1.22 1390 9.62 533 5.91 378  4.01 10.32 21.14 14.21 8.32 143 0.81
4. 1.20 20.41 7.01 5.25 5.42 3.32 3.90 8.89 19.43 16.14 6.66 1.40 0.77
5; 1.19 2403 586 5.23 5.10 3.18 3.81 7.43 17.99 18.71 5.99 1.31 0.75
6. 1.17 28.20 382  5.20 4.88 3.01 3.61 7.21 15.81 19.31 5.76 1.30 0.72
(b) Cussia fistula seed oil
L: 2.31 321 8.20 6.70 6.41 4.11 3.92 12.52 27.32 8.11 11.31 3.54 2.35
2: 2.21 7.64 622 6.50 6.24 4.02 3.89 10.71 24.77 12.36 10.24 3.01 2.21
3. 2.02 11.72 3.21 6.31 6.14 3.99 3.71 8.98 22.44 18.04 8.68 2.92 1.84
4. 1.98 15.27 268 599 591 3.81 3.42 8.72 20.94 19.38 7.78 2.66 1.46
S. 1.92 18.25 1.69 5.44 5.65 3.70 3.40 8.33 19.06 21.69 6.97 2.51 1.29
6. 1.86 19.65 1.43  5.10 5.30 3.56 3.38 8.11 18.21 22.60 6.30 2.40 1.10
(c) Cassia occidentalis seed oil
1: 1.54 2.35 10.21 6.11 6.88 5:55 5.74 13.93 25.91 9.05 8.81 2.16 1.76
2. 1.46 5.30 875 6.01 6.82 543" 5.1 11.44 24.64 12.37 8.51 1.87 1.69
3. 1.40 14.35 3.21 5.87 5.76 5.31 5.36 10.69 22.78 16.66 6.01 1.46 1.14
4. 1.36 17.41 2.85 5.56 5.63 499 5.24 8.27 20.60 18.31 5.50 1.35 0.97
S5: 1.33 20.69 2.81 531 5.50 4.76 5.11 6.90 18.45 21.85 5.08 1.29 0.92
6. 1.23 22.37 276  5.21 5.48 4.48 491 6.51 17.20 23.31 4.46 1.22 0.86
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early stage increased at stage 3 and at maturity was one of
the major polar lipids. The increase in this lipid class was
6.30% - 19.31% in C. absus; 8.11% - 22.60% in C. fistula
and 9.05% - 23.31% in C. occidentalis. The relative percent-
age of polar lipids such as monogalactosyl glyceride, digala-
ctosyl glyceride, phosphatidyl ethanolamine, lysophos-
phatidyl ethanolamine and lysophosphatidyl choline
decreased with maturity. The active period of lipid
synthesis is between 2nd to 6th week for C. absus and
C. occidentalis and 4th to 12th week after flowering for
C. fistula. As maturation and lipid accumulation proceed-
ed, the contents of polar lipids and diacylglycerols, the
precursors and intermediates in triacylglycerol biosynthesis,
decreased while triacylglycerol increased.

Changes in fatty acid coinposition of the lipid classes.
The fatty acid composition of ~hydrocarbon-wax-ester;
triacylglycerol; free fatty acids; Sn-1, 3-diacylglycerol;
Sn-1, 2-diacyl glycerol; monoacylglycerols 1 and 2, polar
lipids and whole, chloroform/methanol extracted oils of
.C. absus, C. fistula and C. occidentalis seed oils are shown
in tables (3-16) .

Table 3. Effect of maturity on fatty acid composition
of hydrocarbon-wax-ester.

Table 4. Effect of maturity onfatty acid composition
of triacyl glycerol.

Maturity Cis:0 Cis:o Cis:o Cis:i Cis:z Cis:a

stage.

(a) Cassia absus seed oil

1. 198 51.76 7.52 8.13 24.33 6.10
1.90 49.78 6.78 9.75 26.89 490
1.73  46.50 6.11 11.56 30.71 3.39
135 41.15 5.76  12.03 36.62 3.09
1.01 3590 520 14.33 40.63 2.93
038 2550 428 16.62 49.83 2.83

(b) Cassia fistula seed oil

230 67.75 295 12.80 10.10 1.80
2.11 6594 228 17.00 11.00 1.87
192 61.00 201 21.25 12.17 1.63
1.43 57.01 1.85 24.08 16.03 1.60
121 48.26 1.58 2090 18.53 1.52

6. 0.52 44386 1.23  30.00 22.20 0.70
(c) Cassia occidentalis seed oil

QAW

ooR W

Maturity Cp2:.0 Cis:0 Cis:0 Cis:o Cig:r Cig2 Cig:s
stage

Maturity Cis:0

C16:0 Cls:o C18:1 C18:2 C18:3
stage A

(a) Cassia absus seed oil

0.85 55.85 9.11 7.31 20.77  6.11
0.84 51.81 8.65 8.52 2453  5.65
0.63 47.21 635 11.31 29.52 498
041 40.65 585 11.61 36.87 4.1
0.39 35.75 535 12.53 42.33 335
021 30.58 485 1491 48.65 2.80
(b) Cassia fistula seed oil ’

0.80 68.70 2.66 10.02 14.07 1.84
140 6570 229 12.07 16.26 1.79
1.32 59.08 1.82 16.40 19.00 1.69
1.20 54.07 1.79 17.00 24.30 1.60
1.11  50.09 1.70  19.32 26.19 1.59
6. 1.03 46.12 1.60 21.06 28.66 1.53

(c) Cassia occidentalis seed oil

oA W -

Maturity Cj2.; Cia:0 Cis:0 Cis:o Cis:1 Cig:z Cis:3
stage :

0.22 1.87 6681 5.0 1285 9.69 3.55
0.21 1.50 64.71 399 14.00 1233  3.26
0.21 1.10 5996 3.82 1537 1653 3.01
0.20 098 55.15 370 16.70 20.33 294
0.19 096 51.03 361 17.07 2431 2.83
0.14 0.70 46.35 3.00 18.25 29.06 2.40

IR

1 0.20 257 75.20 7.85 220 10.33 265
2 0.18 212 7093 653 540 13.50 2.07
3 0.10 1.80 67.10 590 630 16.84 1.96
4. 0.06 1.55 65.00 460 871 18.11 1.77
5 0.01 1.34 63.15 3.17 1041 2030 1.62
6 traces 1.27 :55:56 295 1318 25.52 1.52

Table 5. Effect of maturity on fatty acid composition
of free fatty acid.

Maturity Cij4.0 Cis:0 Cis:o
stage

C18:1 C18:2 C18:3

(a) Cassia absus seed oil
1: 1.76  55.11 7.00 8.20 23.02 491

2. 155 5232 691 9.00 26.11 4.11
3. 137 4685 587 1099 3121 3.71
4., 1.11 3841 550 13.51 3826 3.21
5. 098 3437 501 1457 4246 281"
6. 031 29.66 475 1573 47.05 2.50
(b) Cassia fistula seed oil ;

1. 153 6782 220 10.20 1630 195
2. 138 6275 285 13.00.19.00 1.82
3. 135 5921 1.80. 1450 2142 1.72
4, 130 5572 166 16.14 2358 1.60
5. 125 5286 147 1820 2471 151
6. 120 4974 130 20.60 2568 1.48

(continued . ... .. )
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(Table 5, continued)

(c) Gassia occidentalis seed oil
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Maturity Ci2:0 Cua:0 Ci6:0 Cis:o Cig:1 Cig:z Cig:z
stage

1. 0.21 2.88 7095 5.72 5.03 11.37 3_.84
2. 0.17 240 68.03 4.65 7.00 15.35 3.40
3. 0.14 1.93 61.19 3.89 10.01 18.60  3.44
4. 0.13 1.65 53.19 2.88 1290 22.20 3.21
! 0.09 1.35 5049 2.56 14.46 28.03 3.11
6. 0.07 1.15 44.36 2.38 16.04 33.02

2.98

Table 6. Effect of maturity on fatty acid composition
of 1,3, diacyl-glycerol.

Maturity Ci4.0 Ci6:0 Cis:o Cig:1 Cig:z Cis:s
stage

(a) Cassia absus seed oil
1. 293 50.69 6.90 6.83 26.85 5.80
2, 2.41 43.56 6.25 8.14 29.22 - 521
3. 1.99 41.12 5.60 12.33 34.02 4.85
4, 1.63 39.11 428 13.29 37.68 4.01
5, 141 37.06 398 1391 40.66 2.98
6. 1.23  35.11 3.65 1477 42.98 2.26

(b) Cassia fistula seed oil

1. 1.35 68.87 220 10.02 15.40 1.23
2 1.28 64.00 2.03 12.20 18.20 1.90
3. 1.25 61.32 195 13.50 20.10 1.88
4, 1.12  59.00 1.86 1520 21.02 1.80
S 1.05 52.73 1.84 2040 22.29 1.69
6. 097 4522 1.73 2393 26.50 1.65
(c) Cassia occidentalis seed oil

Maturity Cy2:0 Cu:0 Ci6:0 Cis:o Cis:x Cis:z Ciges
stage ;
) 0.10 311 69.71 5.12 794 11.30 2:92
25 0.10 2.66 65.65 4.60 9.60 14.89 2.50
3. 0.09 1.87 60.28 4.00 12.40 19.05 2:31
4. 0.07 1.62 55.78 3.31 14.86 22.25 2,11
5. 0.05 1.12 51.81 3.10 15.70 26.32 2.00
6. 0.01 0.72 45.20 2.83 19.10 30.15 1.99

Table 7. Effect of maturity on fatty acid composition
of 1,2 diacyl-glyceral.

Maturity Cia.o Cis:0 Cisio Cis:y Cis:a Cis:s
stage

(@) Cassia absus seed oil ’
1 1.79 53.21 6.52 8.21 25.16 5.11
2. 1.71  51.01 5.98 9.11 27.68 451
3. 1.53 42.24 543 12.51 3451 3.78
4. 1.35 34.23 491 14.63 41.77 3.11
5. 0.99 30.67 473 16.11 4442 2.88
6. 036 2651 460 1734 48.40 2.79

(b) Cassia fistula seed oil

1. 138 65.07 2.23  13.60 15.10 2.80
2. 1.18 59.04 1.83 16.01 19.25 2.69
3, 098 55.98 1.72 18.00 21.09 2.23
4. 0.86 52.30 1.60 19.40 24.00 1.85
5. 0.82 47.41 140 20.18 28.30 1.79
6. 0.79 43.02 1.28 22.55 30.65 1.71
(¢) Cassia occidentalis seed oil
Maturity Ci2:0 Cum:o Ci.q Cisio CI8:y Cig:a Cigis
stage
i A 0.16 1.21 68.51 5.91 8.66 13.11 2.44
2. 0.12 1.20 64.50 470 10.66 16.49 2.23
3. 0.11 1.01 60.68 3.32 1245 20.25 2.00
4. 0.09 0.71 54.58 3.19 1450 25.14 1.89
8s 0.07 0.51 48.01 2.82 1747 29.29 1.83
6. 0.06 0.44 42.70 2.43 20.24 32.34 1.79

Table 8. Effect of maturity on fatty acid composition
of monoacyl glyceral 1.

Maturity Cis:0 Cis:0 Cisio Cis:r Cisiz Cis:s
stage

(a) Cassia absus seed oil
1. 145 57.31 5.85 6.40 24.88 4.11
2. 1.39 52.11 5.30 8.19 29.10 3.91
3. 1.31 48.04 4.78 9.39 32.61 3.00
4. 1.00 40.10 4.18 9.59 39.29 2.89
S 0.78 33.31 4.10 10.78 48.61 2.51
6. 0.29 2747 4.01 1291 53.11 2.21

(b) Cassia fistula seed oil
1. 1.13  65.25 234 14.05 152 2.03
28 1.04 61.89 2.08 16.00 17.00 1.99
3. 1.00 57.05 199 19.20 18.85 1.91
4, 1.05 53.58 1.81 19.40 22.46 1.70
5. 093 51.78 1.63 20.06 24.09 1.60
6. 0.89 45.03 1.48 2347 27.58 1.55

(¢) Cassia occidentalis seed oil

Maturity Ci2;0 Cu:0 Cie:0 Cis:o Cis:n Cisiz Cis:s
stage
1. 0.18 2.00 65.50 4.35 9.33 13.93 4.76
2. 0.10 1.64 63.57 3.17 1140 15.51 461
3. 0.09 1.41 60.52 3.11 12.55 18.77 3.55
4. 0.08 1.38 56.11 271 1435 22.14 3.23
5. 0.08 1.35 50.00 2.56 15.33 27.57 3.11
6. 0.05 130 43.61 2.52 18.77 30.67 3.08
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Table 9. Effect of maturity on fatty acid composition
of monoacyl glycerol 2.

111
(c) Cassia occidentalis seed oil
Maturity C3:0 Cu:0 Ci6:0 Cig:o Cig:r Cigiz Cig:s
stage
1. 1.2 4.3 72.50 8.3 4.8 6.8 2.10
2 1.09 4.01 70.00 7.9 6.3 8.7 2.00
3. 0.98 3.75 65.85 7:2 7.53 12.94 1.75
4. 0.91 3.25 64.11 6.8 9.12 14.36 1.45
5. 0.88 290 6230 6.1 10.90 16.00 1.21
6. 0.80 2.50 61.02 5.6 11.45 17.75 1.05

Table 11. Effect of maturity on fatty acid composition
of phosphatidyl choline.

Maturity Cia.0 Cisco Cis:o Cis:r Cigiz Cisis
stage
(a) Cassia absus seed oil
1. 1.70 56.11 5.54 5.61 2473 5.31
2. 1.64 53.34 498 7.75 28.14  4.15
3. 148 49.89 4.83 8.01 32.16 3.63
4, 1.13 38.38 455 10.06 34.65 2.79
5. 0.78 35.87 401 10.89 46.56 2.49
6. 0.33 28.63 399 11.79 52.85 2.41
(b) Cassia fistula seed oil
=ik 2.18 66.14 275 10.01 17.00 1.92
33 194 61.69 2.35 12.11 20.15 1.76
3. 1.83 54.89 2.06 15.16 24.56 1.50
4, 179 51.36 1.89 1620 27.32 1.44
5. 1.61 4696 1.74 17.00 31.01 1.32
6. 1.20 43.06 140 1990 33.20 1.24
(c) Cassia occidentalis seed oil
Maturity Cp2:0 Cia:o Cis:0 Cis:o Cis:r Cis:z Cis:s
stage
1. 1.28 2.14 65.1>6 3.11 10.21 12.33 5.97
s 1.25 1.90 61.33 3.01 12.74 14.79 4.98
3. 1.20 1.63 59.22 2.89 14.33 16.40 4.33
4. 1.10 149 5432 2.77 1541 18.33 3.58
S 1.10 1.21 48.72 2.61 16.33 20.81 3.04 -
6. 0.09 1.19 46.67 2.50 17.19 21.03 3.35

Table 10. Effect of maturity on fatty acid composition
of phosphatidyl ehtanol amine.

Maturity Cis.0 Cis:0 Cis:o Cis:r Cis:z Cigis
stage
(a) Cassiz absus seed oil

1. 2.1 55.25 11.11 7.77 18.46 5.31
2. 1.89 51.31 10.85 8.73 22.31 491
3. 1.65 49.24 10.01 9.65 25.45 4.10
4, 143 46.01 9.62 10.31 29.21 3.42
5. 122 43.70 9.25 10.85 32.33 2.74
6. 1.10 41.70 891 1137 3450 7.42
(b) Cassia fistula seed oil

1. 2.33  74.12 343 8.38 10.21 1.53
2. 1.99 69.02 291 10.21 1445 1.42
3 1.63 6293 201 1341 18.64 1.38
4, 1.51 58.01 1.85 15.21 2221 1.21
5. 142 5521 1.55 1623 24.44 1.15
6. 1.33 51.71 1.30 17.70 26.91 1.05

Maturity Ciy4.0

stage

C16:0 C18:0 C18:1 C18:2 C18:3

(a) Cassia absus seed oil

1. 2.31 56.16 991 8.22 18.75 4.65
2. 194 52098 9.01 891 22091 4.25
3. 1.61 48.35 8.75 10.61 26.67 4.01
4, 149 4591 7.67 12.36 28.79 3.78
5 1.24 42.23 7.01 13.12 33.31 3.09
6. 1.19 40.31 6.51 14.33 35.25 2.41
(b) Cassia fistula seed oil
1. 1.73  73.61 2.55 7.71 12.44 1.96
2: 1.62 70.67 2.21 8.82 15.02 1.66
3. 1.58 65.68 2.09 10.40 18.75 1.50
4. 1.51 61.20 1.89 13.30 20.66 1.44
5. 1.44 5841 1.73 1499 22.11 1.32
6. 141 5579 1.60 16.50 23.41 1.29
(c) Cassia occidentalis seed oil
Maturity Ci2:0 Cia:0 Ci6:0 Cis:o Cis:r Cigiz Cig:s
stage
1. 1.50 3.1 75.30 7.70 4.80 6.0 1.60
2. 1.43 298 70.81 7.10 6.60 9.53 1.55
3. 1.21 2.61 69.35 6.31 8.11 10.98 143
4, 1.10 2.11 68.01 5.83 1050 11.23 1.22
5. 0.91 1.90 66.1 4.9 11.13 1398 1.08
6. 0.75 1.70 64.80 4.4 13.71 15.15 0.99

Table 12. Effect of maturity on fatty acid composition
of lyso phosphatidyl ethanol amine.

(Continued

Maturity Cjs:0 Cis:0 Cis:o Cis:r Cis:z Cis:s
stage

(a) Cassia absus seed oil
1. 3.83 50.21 8.21 8.31 24.31 5.13
2 294 47.85 7.74 9.09 27.65 4.73
3. 2.73 45.23 6.88 10.31 30.84 4.01
4. 2.47 4343 6.11 1097 3341 3.25
5. 2.01 4233 5.25 12.01 35.27 3.11
6. 1.81 39.65 485 13.61 37.44 2.64
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(Table 12, continued)
(b) Cassia fistula seed oil

S. Zaka, M.W. Akhtar and S.A. Khan

1. 1.37 6941 481 9.31 12.00 3.1
2. 1.31 65.04 4.11 1145 1531 2.79
3. 1.29 62.22 386 12.01 18.41 2.21
4, 1.21 59.72 2.89 12.89 20.21 1.87
5. 1.01 58.76 2.63 1399 21.89 1.72
6. 091 54091 240 15.19 2499 1.60

(c) Cassia occidentalis seed oil

Maturity Ci2:0 Cu:0 Cie:o Cpg.p CI8:y Cig:z Cig:s

stage

1. 1.5 3.37 7371 6.1 5.50 7.41 2.41
2. 1.31 292 71.85 5.99 6.10 - 9.71 2.12
3. 1.27 2.21 69.31 491 8.81 11.60 1.89
4. 1.20 2.11 6643 411 10.21 14.31 1.63
55 1.19 2.01 64.81 345 11.65 1522 1.41
6. 1.01 1.98 63.90 31 12.20 16.51 1.3

Table 13. Effect of maturity on fatty acid composition
of lyso phosphatidyl choline.

Maturity Ci4.0 Ci6:0 Cisio Cis:r Ciz:z Cis:s
stage
(a) Cassia absus seed oil
1. 379 47.18 8.99 8.99 26.30 4.75
2. 3.38 4531 8.24 10.01 28.81 4.25
3. 3.14 4244 791 11.69 30.71 4.11
4, 293 3991 7.11 12.71 33.31 3.85
% 281 37.51 6.21 1331 36.51 3.65
6. 241 3641 434 15.44 38.40 3.00
(b) Cassia fistula seed oil
i1 2.6 67.78 3.01 8.01 14.93 3.67
2 241 65.31 2.59 10.63 16.26 3.11
3. 191 61.21 2.11 11.77 20.24 2.76
4, 1.88 57.66 1.79 12.24 24.01 2.42
5 1.80 5598 163 13.23 25.15 221
6. 1.78 53.55 1.54 1473 279 2.10
(c) Cassia occidentalis seed oil
Maturity Ci2:0 Ciua:0 Cis:o0 Cig:o Cis:r Cis:z Cig:3
stage
i 2.69 34 71.90 9.11 4.10 5.6 3.2
2. 2.34 3.12 70.01 7.25 6.98 7.5 2.80
3. 1.85 2.77 68.17 6.99 8.31 9.60 2.30
4. 1.40 2.30 67.85 6.40 8.95 10.72 1.90
5. 1.40 2.30 67.10 5.99 9.9 11.75 1.56
_ 6. 1.30 2.2 66.60 5.43 10.21 13.11 1.15

Table 14. Effect of maturity on fatty acid composition

of whole oil.

Maturity Cis:0 Cis:0 Cis:o Cis:1 Cis:z Cis:s
stage
(a) Cassia absus seed oil

1. 098 5350 875  5.68 26.10 499

(Continued

2. 0.65 52.76 8.35 8.47 25.12 4.65
3 0.48 40.63 599 10.05 38.99 3.86
4. 045 37.75 478 1195 42.06 3.01
5. 031 32.03 449 13.05 47.24 2.68
6. 0.29 28.10 435 13.44 51.50 2.30
(b) Cassia fistula seed oil
1 1.69 67.0 240 11.02 14.60 2.55
2 1.50 62.36 2.01 14.11 16.21 2.00
3 1.39 58.33 1.83 1541 19.33 1.86
4. 124 5491 1.62 17.30 23.07 1.73
5 098 50.5 1.43 20.10 25.70 1.62
6 090 45.30 1.20 2290 28.20 1.50
(c) Cassia occidentalis seed oil
Maturity Cj2.0 Cia:0 Cis:0 Cis:o Cis:1 Cis:2 Cis:s
stage
1. 0.22 1.62 56.20 1.46 125 14.50 3.85
2. 0.11 142 55.22 1.55 12.90 25.00 3.80
3. 0.08 1.29 50.27 1.66 13.40 29.73 3.57
4, 0.06 1.10 47.66 1.89 14.90 30.99 3.40
5. 0.05 1.01 47.15 1.93 15.50 31.00 3.36
6. 0.04 0.92 46.50 2.02 15.80 31.58 3.14

Table 15. Effect of maturity on fatty acid composition
of monoglactosyl glyceride.

Maturity Ci4.0 Ci6:0 Cis:o Cis:1 Cis:z Cis:s
stage
| £ 1.70 6691 7.88 8.17 11.91 343
2. 1.66 64.22 7.80 9.69 13.21 3.42
3. 145 60.81 6.17 12.78 16.31 2.48
4. 1.32 58.34 5.77 1399 18.19 2.39
5 129 57.23 5.14 1445 19.66 2.23
6. 1.27 56.25 421 15.39 20.76 2.14
(b) Cassia fistula seed oil
1. 144 63.15 7.48 1221 13.76 1.96
2 1.31 60.31 741 14.10 15.14 1.73
3. 1.21 55.81 6.79 1631 18.19 1.69
4. 1.1 5271 6.41 18.10 20.04 1.64
5. 093 50.59 6.28 19.75 21.01 144
6. 0.82 4881 6.11 20.71 22.34 1.21
(c) Cassia occidentalis seed oil
Maturity Ci2:0 Cu:0 Cis:0 Cis:o Cigi; Cigia Crgs
stage
L. 311 231 6361 676 941 1001 473
2. 2.82 228 61.71 6.21 1021 12.24 4.53
3. 2.27 2.07 68.81 595 11.71 15.38 3.81
4. 219 198 S781 525 1319 1641 317
5« 2.13 1.72  57.11 499 1392 17.03 3.10
6. 211 163 5679 484 1451 1737 275
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Table 16. Effect of maturity on fatty acid composition
of digalactosyl glyceride.

Maturity Cis:0 Ci:0 Cisio Cis:i Cis:, Cis:s
stage.
Cassia absus seed oil
1. 1.73  68.71 8.16 7.43 10.30 3.67
2. 1.68 66.31 7.79 8.62 12.39 3.21
3. 142  62.07 5.89 12.48 15.33 2.81
4. 1.38 60.21 5.65 13.61 16.42 2.73
3. 136 5954 5.34 14.09 17.21 2.46
6. 1.31 5798 5.13 14.54 18.79 2.25
Cassia fistula seed oil
1. 1.35 66.73 7.33 9.54 12.29 2.76
2: 127 62.35 6.83 11.57 1535 2.63
3. 1.16 59.53 5.79 1320 18.41 191
4. 089 5641 5.61 15.10 20.17 1.82
5. 0.73 5432 533 1629 21.85 1.48
6. 069 52.11 521 18.62 22.12 1.25
Cassia occidentalis seed oil
Maturity Ci2:0 Ciu:0 Cis:0 Cis:o Cis:x Cig:a Ciges
stage
1. 2.89 2.71 60.21 7.11 10.21 12.56 4.31
2; 2.74 241 57.31 6.66 12.46 14.20 4.22
3. 2.31 211 55.61 6.42 1349 16.10 3.96
4, 2.15 1.94 54.32 6.21 14.11 18.06 3.21
5. 2.01 191 53.56 6.11 1499 18.28 3.14
6. 1.98 1.88 52.34 5.81 1575 19.70 2.54

A comparison of the fatty acids of lipid classes in oils
extracted with chloroform/methanol (2:1, v/v) is provided
for the three Cuassiz seed oils. Lower amount of 16:0
(28:10%) was found in C. absus as compared to C. fistula
(45.30%) and C. occidentalis (46.50%). The amount of
18:1 was high in C. fistula (22.90%) whereas C. absus and
C. occidentalis contained low amounts (15.61% and
15.80%) of 18:1. Higher amounts of 18:2 were found in
C. absus (56.52) as compared to C. occidentalis and
C. fistula seed oils which contained (31.58% and 28.20%)
of 18:2. Muyristic and linolenic acids were present as the
minor components in all the seed oils. Sn-1, 2-diacylgly-
cerols contained slightly less 16:0 and more 18:2. as
compared to 1,3-diacylglycerols which contained propor-
tionally more 16:0 and less 18:2. The fatty acid composi-
tion of 1 and 2 monoacylglycerols were almost similar.

The polar lipid classes differed from non polar lipid

classes in fatty acid composition and in general, were
more saturated.

Changes in the fatty acid composition of non-polar

and polar lipid classes, generally, followed trends reported
in whole oils. The percentages of 18:1 and 18:2 found
in all fractions were relatively low in immature seeds but
increased as the seeds matured. Increases in 18:1 and 18:2
percentages and rduction in 16:0 percentages also followed
a similar trend in all the lipid fractions examined.

The results of this investigation were found to be

similar to those reported by others.
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