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ABSTRACT :

This study was undertaken in a trial to evaluate the antifungal effect of tannins and
tannin-rich plants . The research was conducted in two parts, the first one was in-vivo study
where 25 male baladi goats were randomly classified into five groups (5 per each). The first
group was left as a control while the second, third, fourth and fifth were received 5, 10, 15
and 20% Acacia nilotica leaves, respectively. Over one month, two faecal and ruminal
samples were collected weekly to study the pH and total fungal count. The obtained results
revealed that there was no effect of Acacia nilotica on pH of the ruminal or faecal samples.
On the other hand, the total fungal count was drastically reduced only in the fourth and
fifth groups that received 15 and 20% A. nilotica, respectively. However, the inhibition
percentages of the ruminal fungal count were 12.7 and 43.3% in the fourth anf fifth groups,
respectively while they were 46.5 and 62.9% in the faecal matter in the fourth and fifth
groups, respectively. The second part was the in-virto study where three concentrations of
Acacia nilotica leaves viz. , 0.25, 0.50 and 0.75% were added to fungal suspension and the
count was determined over two hours at 30 minutes intervals. Four fungal species including
Aspergillus fumigatus, A. flavus, A. niger and Fusarium solani were tested. The results showed
that there was no effect on all fungal species at0.25%, while the inhibition was directly
increased by the increase in concentration of A. nilotica. The results illustrated that
inhibition was also directly proportional to the time. It was revealed thatA. flavus was
highly sensitive to A. nilotica where its inhibition percentages were up to 77.5 and 89.1% at
0.50 and 0.75%, respectively, followed by Fusarium solani and A. fumigatus. On the other
hand, A. miger was the most resistant fungal species to the tannin-rich plant where it was
only inhibited by 24.0 and 68.4% at 0.50 and 0.75%, respectively. From the obtained results
one can safely conclude that the tannin and tannin-rich plants have strong antifungal
properties which are directly proportional with the concentration of tannins and their time
of contact with the fungus. In this respect tannins could be used as a tool to reduce the
fungal count and protect the animal from their direct harmful effect on its health.
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INTRODUCTION :

Colonization of microfungi in the rumen
have an important implication in growth and
health status of ruminants. Extremely
slow growth rate of sheep in the summer
and autumn was attributed [1], to the presence
of pathogenic fungi among the ruminal flora of
these animals.

Apart from the indirect effect of fungi by
their mycotoxins on animal’s health, they also
have direct harmful effects on animal’s tissues.
Since fungi have the ability to grow on the
feeding substrate, mouldy hay, straw and cereals
are considered the main sources of ruminal and
air fungi [2]. Since many fungal species can grow
under the ruminal conditions, so, their presence
in animal’s rumen must be expected [3].

Plants produce a great variety of defensive
chemicals which may give resistance to the
fungal diseases [4]. There are many specific
and non-specific biologically active substances
that have the potential to inhibit fungal growth.
These substances occur commonly as constituents
of the plant tissues. Polyphenolic compounds
particularly tannins constitute the major class
of the secondary plant metabolites whichhave
the antifungal characters. Protection of plant
tissues against fungal attack was attributed to the
presence of tannins. Presence of polyphenols,
phenolic acids, aldehydes, quinones and other
flavonoids gives the antifungal properties to the
plant tissues [4]. Due to the heterogeneous dist-
ribution of polyphenolic compounds between
different plants and within the different tissues of
the same plant, they are thought to have
profound effects on the distribution of fungal

species and structure of communities [5]. In 1947
Gilliver [6] tested water extracts of 1915 plant
species and the results showed that about 23%
contained antifungal substances. These antifungal
compounds are particularly widespread in the
woody plant species[7].

Natural plant tannins are amorphous, water
soluble polyhydroxy phenolic compounds of
molecular weight (500-3000 daltons). They
contain sufficient number of hydroxyl groups
(1-2/100 daltons) enabling the molecule to form
an effective cross-linking with proteins and
other macro-molecules under the appropriate
conditions [8,9]. Tannins were classified into two
main groups, hydrolysable and condensed forms
[10,11].

The antimicrobial effects of tannins are
attributed to their affinity to react with proteins
and other macromolecules, as well as , mem-
brane structure, microorganisms [8,12-14]. This
occurs mainly , through hydrogen bonding
between hydroxyl groups of tannins and free
amino groups of the proteins [8-10,15].
Moreover, hydrogen bonds may be formed
between hydroxyl groups of tannins with
carboxyl groups of other polymers[16-19]. The
antibacterial effects of tannins have been
demonstrated [20,21,23]. Great efforts have
been devoted to study the effects of chemically
defined polyphenols of low and high molecular
weight on the phyto-pathogenic fungal and
disease development.

As early as 1911, Cook & Taubenhous[24],
showed that 18 species of saprophytic and
pathogenic fungal species were inhibited when
crude extract of tannins were incorporated
into the culture media. Subsequent studies
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were undertaken to demonstrate the antifungal
effect of tannins [4,25-32].

Mode, of antifungal properties of tannins
and other polyphenolic compounds can be
attributed to their ability to inactivate
respiratory enzymes and some extracellular
enzymes of fungi [33-35]. Imhibition of
extracellular cellulase, xylanases and pictinase
by phenolics seems to be associated with the
presence of enzyme -SH (sulfhydryl) groups.
Normally (-SH) groups function to activate the
enzyme but they tend also to react with
oxidised phenols and so become inactivated
[29]. Moreover, Goldstein & Swain [36],
stated that the inhibitory actions of tannins are
probably due to the readiness with which they
tan or form complexes with extracellular
enzymes. Since there is no available
literature about the in-vivo effects of plant
tannins on fungi of ruminal juice and faecal
matter, this work was performed . Moreover, the
work includes also an in-vifro effect of raw leaves
of Acacia nilotica (tannin-rich plant) at different
concentrations on most dominant fungal species
demonstrated during the in-vivo studies.

EXPERIMENTAL :

Materials & Methods :
1)- In-vivo studies :

A) Animals:

This work was conducted at the clinic of
Veterinary Medicine, Assiut University where
five groups (5 per each) of male balady goats
(3-5 years of age with an average of 19-21 kg

body weight) were used. The animals were
clinically examined to ensure their soundness
before starting the experiment.

B) The plant :

The leaves of Acacia nilotica (as a tannin-
rich plant) were freshly plucked, air dried and
finally grinded.

C) Experimental procedures :

In order to determine the antifungal effect
of the plant material, various amounts were
added to the normal ration of the animals
where the first group was left as a control
throughout the experiment. The second, third,
fourth and fifth groups received their rations
with 5, 10, 15 and 20% of the prepared plant
material, respectively.

D) Sampling schedules :

Two samples of the faecal and ruminal
juice were collected weekly during the
preliminary period as well as the experimental
period. The samples were collected under
complete aseptic conditions. About 90 g of
faecal matter were collected in sterile plastic
bags hanged to the hind quarters of each
animal by clips. On the other hand, 50-100 ml
of ruminal juice were collected in sterile flask
by a sterile stomach tube. After calming down
the animal, a sterile stomach tube was introduced
through the animal’s mouth to the rumen.
However, the stomach tube was moved to and fro
to obtain a representative sample from different
strata of the rumen. The collected ruminal
juice samples were immediately kept in the
refrigerator for their mycological examination.
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E) Mycological examination:

Basic dilutions (1:10) of faecal matters
were prepared by addition of 10 grams of
faecal matter to 90 ml sterile saline solution.
The faecal matter was thoroughly mixed in the
saline by using a sterile blender and then
sieved through a sterile gauze. Moreover, 1:10
basic dilution of the ruminal juice samples was
also prepared where 1 ml of the filtered juice
was mixed with 9 ml sterile saline solution.
Ten fold serial dilutions were prepared from
both faecal and ruminal samples.

F) Fungal counting and identification :

For enumeration and identification of
fungi, replicate plates of Sabroud dextrose
agar medium (SDAM) were inoculated and
were incubated at 25°C for 7-10 days. The
growing colonies were identified and were
counted according to their macro- and
microscopic characters [2,37-42].

G) Determination of pH :

pH values were determined directly in the
ruminal juice samples by using the pH meter
(Orion pH meter model 250 A). On the other
hand, pH values of 5% suspension of both
faecal matter and ruminal juice samples (in
distilled water) were also determined.

2)- In- vitro studies:

A) Fungal suspension:

The tested fungi (A. niger, A. fumigatus,
A. flavus and Fusarium solani) were first
inoculated onto SDAM (Difco) and incubated

at 25°C for two weeks, then the fangal growth
was harvested by scraping the plate with
sterilized spatula to minimize the amount of
the agar carryover. The cells were immediately
suspended in 20 ml sterile saline solution (0.85
Nacl, W/V). Sterile glass beads were added
and the fungus was uniformly distributed on a
rotatory plateform shaker at 120 rpm for 15
minutes [30].

B)Antifungal effect of the raw plant
material :

Three concentrations (0.25, 0.50 and 0.75%)
were prepared from the Acacia nilotica leaves.
The concentrations were prepared by addition
of 50,100 and 150 mg of the prepared plant
materials to 19 ml of sterile saline solution and
1 ml of the fungal suspension. On the other
hand, control test was prepared by addition of
1 ml of the fungal suspension to 19 ml of the
physiological saline solution without plant
material.

At time interval, fungal count was conducted
by pour plate technique [43]. The inoculated
plates were incubated at 25°C for two weeks.
Growing colonies were counted and the total
fungal count was calculated as colony forming
units (CFU)/ml (ruminal juice) and CFU/g
(faecal matter). The inhibition percentages
were calculated by the equation according to
Klindworth et al.[44] :

Inhibition %= (A-B)100/A

where :

A= Control plate count .
B= Test plate count .
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RESULTS AND DISCUSSION :

Data presented in table (1) revealed that,
under conditions of the experiment the mean
pH values of ruminal samples ranged from
6.44+0.05 to 6.61+0.07 (in the raw samples)
while ranged from 6.4110.04 to 6.5410.13
(in 5% ruminal suspension). On the other
hand, the pH values of the control samples
were 7.18+0.04 (raw ruminal samples), and
7.11+0.03 (in 5% ruminal suspension),
respectively. The obtained results showed that
pH values of the ruminal liquor was within the
normal range. These results more or less are
in agreement with the results recorded [45-48],
where the pH values of ruminal samples
ranged from 5.5-7.9 under different rations.
The slight fluctuation of pH values in our
study may be attributed to some factors as
stirring the samples, method of collection and
type of the rations whether rich in carbo-
hydrates or in nitrogenous feed [45, 49,50].
However, the mean pH values of 5% faecal
samples were between 8.1940.07 and
8.24+0.08, while it was 7.9+0.05 in the control
samples. The results revealed that there is no
significant effect of the plant materials on pH
values of the faecal or ruminal juice.

Aerobic fungi might be expected in the
rumen because of their ubiquitous presence in
animal’s feed stuffs and the ability of some of
them to grow anaerobically under the ruminal
conditions [3]. Table (2) and Fig. (1) revealed
that, the total fungal count in the ruminal

juice was reduced from 1.2x10° in the control
group to 6.8x10%ml in the fifth group. The
count was higher than that recorded by Abdel-
Salam [48], who found that the total fungal
count in the ruminal juice was ranged from
1.6x10% to 3.9x10% according to the feed stuffs
used. However, the total count was drastically
reduced only in the fourth and fifth groups
where the fungal inhibition was increased from
12.7% in the fourth group to 43.3% in the fifth
group, while the count in the second and third
groups was fluctuated. Moreover, the same
results were recorded in the faecal matter
where the total count was reduced from 1.7x10°
(control group) to 6.3x104 in the fifth group with
62.9 inhibition percentage. A significant
reduction of the fungal count was only showed
in the fourth and fifth groups. The percentage
of inhibition was increased from 46.5% (in the
fourth group) to 62.9% (in the fifth group).
This could be attributed to the tannins content
incorporated in the rations performed to these
animal’s groups (table 2). This confirm the
theory that antimicrobial effect of phenolic
compounds are directly proportional to their
concentration [30,51-53]. Fluctuation of the
fungal count both in ruminal juice and faecal
matter in the second and third groups could be
attributed to the lower content of tannins.
Since the source of fungi in lower intestine is
from ruminal content, so reduction of their
total count in the rumen by tannins will in turn
reduce their count in the faecal matter.
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Table (1): Mean pH values in both ruminal and faecal samples.

Animal groups

Examined Samples

Ruminal Faecal
Raw 5% Suspension 5% Suspension
1% group (control) 7.18+ 0.04 7.1140.03 7.9+0.05
2™ (5% Acacia nilotica) 6.59+ 0.07 6.530.03 8.19+0.09
3™ (10% A. nilotica) 6.61% 0.07 6.54+0.13 8.24+0.08
4™ (15% A. nilotica) 6.49+ 0.04 6.46+0.06 8.22+0.08
5™ 20% A. nilotica) 6.4+ 0.05 6.41+0.04 8.19+0.07

Table (2): Mean total fungal count in both ruminal and faecal samples.

Animal groups Fungal count
Ruminal samples Faecal samples
Count Inhibition % Count Inhibition %

1** group (control) 1.2x10° " 1.7x10° -

2" group 9.9x10* 17.5 3.5x10° ¢

3™ group 2.3x10° " 2.5x10° 5

4™ group 9.4x10* 12.7 9.3x10* 45.3

5™ group 6.8 x10* 433 6.3x10° 62.9
* There is no inhibition as the count was higher than that in the control group.

Concerning differential fungal count, tables the unfavourable conditions in the

(3&4) illustrated that Aspergilli represent the
most frequent species where ten species of the
genus were identified in the ruminal liquor
while eight species were in the faecal matter.
The Aspergilli represent more or less fifth
fungal counts in the ruminal juice (17.7%)
while it represented 83.3% of the total count in
the faecal matter. These results disagree with
that recorded [48], who revealed that 72.2% of
the total fungal count in the ruminal juice was
Aspergilli. However, Aspergillus niger and A.
fumigatus were the most dominant species of
Aspergilli both in ruminal and faecal samples.
The high incidence of Aspergilli in the faecal
matter may be attributed to their resistance to

gastrointestinal tract. The results in table
(3&4) showed that the number of many fungal
species decreased by the effect of tannin-
containing plant while other species were
completely disappeared durig the subsequent
investigation. This disappearence may be due to
their sensitivity to the phenolic compounds as
Aspergillus  terreus, A. candidum, A. ustus,
Fusarium oxysporum, F. solani, Penicillium
species, Scopulariopsis brevicaulis, Cladosporium,
Curvularia  species, Trichodeima  species,
Paecilomyces species and some yeast species. The
majority of yeast cells were obviously
destroyed during their passage through the
alimentary tract, whereas large quantities of
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fungi could be excreted in a viable state[54].
Some fungal species were recorded again after
their disappearence as A. fumigatus, A.
glaucus, A. clavatus which may be attributed
to their introduction again with the mouldy
feeding stuffs [2,3].

It was revealed that the percentages of the
total Aspergilli in the ruminal juice were 17.7,
30.0, 11.3, 97.8 and 93.1% in the first, second,
third, fourth and fifth groups, respectively
(table 3). Moreover, the percentage of
Aspergilli in the faecal matter was 83.3% (in
the control group), while they were 91.4, 80.0,
98.9, and 98.4% in the second, third, fourth
and fifth groups, respectively (table 4). These
results indicated that the percentages of
Aspergilli were increased in the ruminal juice
and faecal matter by increasing concentration
of tannins incorporated. This could be
attributed to the relative resistance of
Aspergilli to the unfavourable conditions in the
gastro intestinal tract which in turn increase
their percentagesof occurrence[54]. Moreover,
many of Aspergilli species are relatively
resistant to the effect of tannins in relation to
the other fungal species. This in turn increases
the percentages of Aspergilli by increasing the
tannins in the animal’s feed. From hygienic
point of view, many of the isolated fungi are
pathogenic and have the ability to induce
direct and indirect harmful effects on the
animal’s tissue as aspergillosis, aspergilo-
toxicosis, hepatic degeneration, liver cancer,
internal haemorrhage, intestinal phycomycosis,
hyperkeratosis as well as mycotic abortion
[2,55-58].

Concerning the in-vitro effect of Acacia
nilotica on some fungal species, table (5) and
figure (2 & 3), showed that the percentages of
inhibition of the fungal species are directly
proportial to the concentration of the tannins
content and to the time of contact. In this
respect it was revealed that a concentration of
0.25% had no effect on any fungal species
under test and their count was fluctuated
within the normal range as that in the
control count. On the other hand, the
percentage of inhibition was increased by the
time both at 0.50% (100 mg/20 ml) and 0.75%
(150 mg/20 mil). Table 5, illustrated that the
antifungal effect of tannins varied according to
the fungal species under test. However,
A. flavus was highly inhibited by addition of
A. nilotica than other species where 77.5% and
89.1% inhibition was noted by addition of
0.50% and 0.75%, respectively. Moreover,
Fusarium solani was inhibited by 30.8% and
82.5% at 0.50% and 0.75% of the plant
material, while 25.0% and 79.6% inhibition
was noted in the A. fumigatus when A. nilotica
was added by 0.50% and 0.75%, respectively.
On the other hand, A. niger was the most
resistant fungal species to the phenolic
compounds where it was only inhibited by
24.0% and 68.4% at 0.50% and 0.75%,
respectively. More or less similar results
were recorded [14,26,30,32,52,59], where an
antifungal effect was showed by using tannins
from variable sources. No antifungal effect
was repoted [60], when they wused tannin
fragments as some flavonoid materials.
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Table (3): Differential fungal count in the ruminal samples.

Fungal isolates Animal groups
1% group 2" group 3 group 4" group s group

Aspergillus niger 2.8x10%42.4x10°  9.4x10%48.9x10°  1.9x10%:4.2x10° 4.2x10%2.4x10* 2.6x10°+4.0x107
A. flavus 18x10°46.0x10°  2.5x10%2.4x10°  1.4x10%45.8x10° 4.5x10%+1.2x10* 1.8x10%+4.7x10
A. fumigatus 3.8x10°42.4x10% 0 0 0 2.4x10%1.2x10°
A. glacus 3.5x10°42.2x10° 0 1.3x10%2.4x10°  1.8x10°15.9x10*  1.9x1040.7x10
A. clavatus 1.4x10%42.4x10 0 0 2.1x10%41.6x107  1.3x1040.05x10
A. sydowi 27x10P41.3x10°  2.4x10%43.2x10  1.6x10%42.7x10  2-3x10£0.5x10  1.1x10+0.6x10
A. versicolor 13x10%42.1x10°  4.2x10°#1.8x10°  3.4x10%42.2x10  1.7x10°+1.8x10  1.0x10%+1.2x10
A. terreus 1.0x10%+0.8x10 1.7x10+0.8x10 0 0 0
A. candidum 6.4x10+1.2x10  2.3x1041.4x10 0 0 0
A. ustus 3.4x1041.1x10 0 0 0 0
Total Aspergilli count  3.0x10% (17.7%)  3.9x10° 30 %)  4.7x10* (11.3%) 8.9x10* (97.8 %) 2.7x10" (93.1 %)
Geotrichum candidum 1 8x10°42.1x10°  2.8x10%1.1x0°  1.dx10°42.3x10° 3.4x10%41.7x10%  3.4x10%41.7x10%
Fusarium oxysporum  6.8x10%+4.2x10*  4.3x10%47.1x10 0 0 0
F. solani 5.2x1040.7x10  2.1x10:0.05x10 0 0 0
Mucor spp. 73x1045.1x107  6.2x10%48.210°  4.3x10%1.3x10° 1.5x10%42.4x107  1.5x10°42.4x107
Penicillum spp. 3.1x10%41.7x10%  1.2x10%44.1x10 0 0 0
Scopulariopsis
brevicaulis 42x10%41.1x10%  3.7x10%44,7x10  S5:2x100.7x10 0 0
Cladosporium spp. 4.9x10+0.3x10 0 0 0 0
Curvularia spp. 6.2x10+0.5x10 0 0 0 0
Trichoderma spp. 4.3x10%+1.8x107  2.3x10+0.7x10 0 0 0
Pacelomyces spp. 2.7x1040.08x10  1.1x10++0.02x10 0 0 0
Yeast spp. 2.1x10%43.4x10 0 0 0 0
Sterile mycelium 3.6x10+1.2x10 0 1.8x10+0.5x10 0 0
Total 2.2x10° 1.3x10° 2.1x10° 9.1x10* 2.9x10*
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Table (4): Mean fungal count in the faecal samples.

Fungal isolates Faecal samples
1% group (Control) 2" group 34 group 4th group 5t oroup

Aspergillus niger 3.0x10°41.2x107  7.0x1049.8x10°  6.2x10%42.3x10*  5.4x10°44.2x10°  3.8x10°+1.7x10°
A. flavus 5.7x10%46.2x10  1.9x10°%7.1x10°  6.7x10%1.3x10*  2.3x10*+1.5x10°  4.6x10°42.1x10°
A. fumigatus LO0x10°42.3x10°  2.1x10%9.3x10°  6.3x10%41.9x10*  5.7x10%42.7x10°  5.1x10°+4.1x10%
A. sydowi 4.3x10%1.2x10  2.7x10%8.1x107  1.7x10%3.2x10  2.3x10°+1.1x10° 1.9x10%3.2x10
A.versicolor L8x10%3.1x10  3.4x10%2.1x10°  52x10°46.1x10  4.3x10°42.1x10° 2.8x10°+7.2x10
A.clavatus 7.0x10° +4.1x10° 0 0 0 0

A. ochracus 1.2x10%+1.3x10° 0 0 0 0
A.candidum 1.8x10%43.7x10 0 0 0 4

Total Aspergilli count  1.5x10°(83.3%)  3.2x10° (91.4%)  2.0x10° (80%) 9.2x10* (98.9%) 6.2x10* (98.4%)
Fusarium solani 4.7x1040.7x10 0 0 0 0

F. oxysporum 2.1x1040.3x10 0 0 0 0

Mucor spp. 1.3x10%5.1x107  3.1x10%3.7x16°  5.5x10%6.4x10°  3.1x10%+4.2x10 3.6x10%42.1x10%
Curvularia spp. 1.2x10:40.5x10 0 0 0 0
Penicillum spp. 1.0x10%5.2x10 0 0 0 0
Trichoderma spp. 2.8x10%1.5x10 0 0 0 0
Geofrichum candidum 2 3x10%7.2x10°  1.3x10%t4.1x10 0 0 0

Yeast spp. 1.2x10°43.2x10 0 0 0 0

Sterile mycelinm 7.3x10%0.6x10°  4.1x10%1.0x10  7.3x10%2.0x10  4.6x10%+7.0x10 5.2x10%42.0x10
Total 1.8x10° 3.5x10° 2.5x10° 9.3x10* 6.3x10*

Table (5) and figures (2&3) revealed also
that, the inhibition of fungal species was
directly proportional to the time of contact
between fungal species and tannins. It was
found that the inhibition percentages of
A. flavus were increased at 0.50% A. nilotica
from 3.4% after addition of the plant material
to 10.3, 32.2, 50.0 and 77.5% after 30, 60, 90
and 120 minutes, respectively. Moreover,
similar results were recorded on all fungal
species under test both at 0.50% and 0.75%
concentration of the plant material. This
confirms the theory that the antimicrobial

effect of tannins is directly proportional to the
time of contact with the organism[23,61].
From the obtained results one can safely
conclude that tannins and tannin-containing
plants are strong antifungal material and such
plant materials could be used to reduce the
fungal count in the animal’s gut. However,
since Acacia nilotica is widely distributed
throughout tropical and subtropical countries,
it could be performed to animals as a feeding
material and at the same time it protects it

against fungal species.




Ass. Univ. Bull. Environ. Res. 1(2) (1998) 1-16

Table (5): in-vitro effect of raw plant materials on some selected fungi.

Fungal spp. Exam. time Control Count and % of imhibition in relation Conc. of plant material
0.25% 0.50% 0.75%

To 5.6x107  5.4x107 (3.6%) 5.3x10 (5.4%) 4.8x107 (14.3%)

T 5.4x107 6.2x107 (*¥) 5.1x107 (5.6%) 4.3x107 (20.4%)

Aspergillus fumigatus g o8 5.4x107  5.1x107 (5.6%) 5.0x107 (7.4%) 2.3x107 (57.4%)
T, 5.1x107 5.7x107 (*%) 4.3x107 (15.7%) 1.7x107 (66.7%)

Toss 4.8x107 5.1x107 (*¥) 3.6x107 (25%) 9.8x10° (79.6%)

T, 2.9x107 3.1x107 (*%) 2.8x107 (3.4%) 1.8x107 (37.9%)

Ty 2.9x107 3.2x107 (%) 2.6x1¢7 (10.3%) 8.7x10° (70.0%)

A flavus Lo 3.ax107  3.0x107 (3.2%) 2.1x107 (32.3%) 6.4x10° (79.3%)
Ty 3.2x107  3.0x107 (6.3%) 1.6x107 (50%) 6.2x10°(80.6%)

T 3.2x107  2.8x107 (12.5%) 7.2x10° (77.5%) 3.5x10° (89.1%)

T, 2.9x10° 3.1x10° (%) 2.5x10° (13.8%) 1.5x10° (48.3%)

T 2.7x10° 3.0x10° (*%) 2.4x10° (11.1%) 3.8x10° (*%)
A. niger $ 4 2.8x10°  2.7x10°(3.6%) 2.5x10° (10.7%) 1.5x10° (46.4%)
T 2.6x10° 2.7x10° (*%) 2.0x10° (23.1%) 3.1x10° (*¥)

| 2.5x10° 2.5x10° (0%) 1.9x10° (24%) 7.9x10* (68.4%)

T, 2.0x10°  1.9x10° (5.0%) 1.6x10° (20%) 1.0x10° (50.0%)

Ty 1.8x105 1.8x10° (0%) 1.5x10° (16.7%) 7.8x10° (56.7%)

Fusarium solani T, 1.9x10% 2.0x10° (*%) 1.2x10° (36.8%) 7.1x10° (62.6%)
Ta 1.4x10° 2.1x10° (*%) 1.0x10° (28.6%) 5.6x10° (60.0%)

Ty 1.2x10° 1.3x10° (**) 8.3x10° (30.8%) 2.1x10° (82.5%)

(**) There was no effect on the colony count
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Fig.(1) : Fungal count in ruminal and fecal samples
in the animal's groups
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inhibition % Fig.(2) : % inhibition of tested fungal species at
0.50% concentration of Acacia nilotica
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ABSTRACT :

The total extract and seven compounds isolated from the indigenous herb Psoralea
plicata ,Leguminosae ,were evaluated against Amitermes desertorum which causes wide
range of damage for trees and woody household furniture in upper Egypt. The study
revealed the promising activity of plicatin-B as termiticidal within one week. On the other
hand, plicatin-B was proved to be potent antibacterial against the bacteria isolated from the
gut of the termite , where the insect is dependable on digestion of its food.

INTRODUCTION :

The wild herb Psoralea plicata Del. which
is known in Arabic as Js,» “ Marmeed” or

“Mermeed”, is commonly grown in Allagi
area south east of Aswan . The plant is widely
caten by grazing animals in the area for its
palatable green leaves [1].

It has been used in folk medicine as
skin photosensitizer, anthelmintic, antipyretic,
analgesic, anti-inflammatory, diuretic, diapho-
retic and it is also useful in bilious infections,
in liprosy and in menstrual disorders [2,3] .

-17-

Phytochemical studies on the plant
revealed the presence of interesting compounds
including furocoumarins, chromenes ,isoflavo-
noids, phenolic cinnamates, cinnamate dimers,
flavonoid glycosides, monoterpenocids and tri-
terpenoids in addition to tocopherol [4-10].

The subterranean termite A. desertorum
(Desneux), builds its nests underground or in
tree hearts ,and attacks dead wood and live

trees [11]. It has been reported that A.
desertorum is a very adaptable species and has
a wide distribution in Egypt, especially in arid
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and semi-arid localities [12-14]. The same
species has been recorded to infest living trees

and shrubs in Aswan governorate [15].

From the current plant
extractives, have been bioassayed for one or
more antitermitic effects including toxicity to

the insect and/or gut symbionts ,feeding dete-

literature,

rrency, non-preference or repellency against
one or more termite species [16-18]. The above
mentioned facts arouse our interest to study
the effect of Psoralea plicata extractives and
isolated components against A. deserforum .

EXPERIMENTAL :
Materials and Methods :

Termites :

A colony of the termites was collected
from infected Ficus tree at Kima area in
Aswan city. Termite workers (externally
undifferentiated insects beyond the 3rd. stage)
from that colony of subterrnean termite
Amitermes desertorum (desneux) was used as
test insect.

Extraction and isolation of plant
constituents :

Air-dried aerial parts of Psoralea plicata
Del. herb (2 kg), collected from Wadi Allagi
(Aswan, Egypt), were powdered and exhau-
stively extracted with 75% MeOH by macera-
tion. The alcohol extract was con-centrated
under reduced pressure to a syrupy consiste-
ncy (179 g). The solvent free residue (50 g) was
mixed with 200 ml water and 100 ml MeOH,
transfered to a separatory funnel and
partitioned between hexane, ethyl-acetate and

n-butanol respectively. Each fraction was
dried over anhydrous sodium sulphate and
condensed to syrupy residue (10 g hexane
residue; 3.6 g ethylacetate residue and 5 g n-
butanol residue).

Each fraction was subjected to flash silica
gel column chromategraphy, with hexane-
ethylacetate gradient. Plicatin-B, angelicin,
psoralen and chromene compounds were
isolated from the hexane soluble fraction.
Plicatin-A, p-dimethylcoumaric acid and oc-
diplicatin-B were isolated from the ethyl-
acetate soluble fraction and roseoside, daidzin
(isoflavonoid), psoralic acid and isovitexin
(flavonoid) were isolated from the n-butanol
soluble fraction.

Isolation of the bacteria from the termite
gut :

A culture medium was prepared by
dissolving 31g of nutrient agar powder in 1 L.
distilled water, autoclaved at 120°C for 15
min. Slands were prepared from this medium
and inoculated by the organisms isolated from
the termite gut by homogenization in sterilized
distilled water. The slands were incubated at
30°C for 24 hrs and were investigated [19].

Antimicrobial
compounds :

effect of the isolated

Small discs of filter paper were immersed
in different concentrations of the selected
compounds, then placed in petri dish con-
taining nutrient agar medium and inoculated
with the isolated organisms and incubated at
30°C for 24 hrs, then the clearing zones were
inspected .
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Force-feeding test :

A round plastic container of 5 c¢m in
diameter and 3.5 cm in height was packed with
50 g of sterile sand moistened with 7 ml of
distilled water to keep relative humidity near
saturation. Five levels of seed extracts were
tested (15, 30, 75, 150 and 300 ppm). Three
replicates of small pieces of filter paper (3 cm
in diameter) were dipped in the methanolic
extracts for each level for a period of 10 sec.,

and dried at room temperature for eva-
poration of the solvent. The treated papers
were set up on sand surface and 100 worker
termites were added to each container.
Untreated filter papers were fed to termites as
a control. The containers were incubated at
25°C for 5 weeks and the number of surviving
termites was recorded in each replicate.

Filter papers treated with two con-
centration levels of the isolated compounds of
Psoralea plicata (75 and 175 ppm), were
evaluated against termites and the number of
surviving termites was taken at 2, 6, 10, 14
and 18 days respectively.

The results were statistically analysed and
the means were compared according to both
the t-test and Duncan’s multiple range test
[20].

RESULTS AND DISCUSSION :

The first part of the present work shows
the bioassay experiments of crude extract from
Psoralea plicata ,on feeding and survival of A.

desertorum ,which depends in its digestion on
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some symbiotic organisms (either bacteria or
protozoa) living in their gut.

The mean survival of A. desertorum
feeding on filter papers treated with different
levels (ppm) of crude extract of Psoralea
plicata during 5 weeks is given in Table (1). It
was observed that the mean survival was level
and exposure period dependent. The termite
lived approximately for two weeks only after
feeding on two levels (75 and 150 ppm), and
the remaining insects died before the end of
the third week; but other levels (15 and 30
ppm), showed weak anti-termitic effect and
the mean survival was not significantly
different during the same period.

Increasing the concentration of the plant
extract to 300 ppm, does not significantly
increase the mean of mortality relative to
other concentrations (75 or 150 ppm) till the
end of the second week, but during the third
and fourth week, the mean servival values was
greatly decreased and 100% mortality was
observed by the end of the fourth week. On
the other hand, it was observed that the
termites avoid eating the papers with con-
centration level of 300 ppm , and hide under

the sand.
Some of the isolated compounds from

Psoralea plicata viz., plicatin B, flavonoids,
psoralen, angelicin, isovitexin, chromene E ,a-

diplicatin B and total extract were tested for
anti-termitic effect.

Data presented in table (2) showed the
mean survival percentages of A. deserforum
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feeding on filter papers treated with two
concentration levels (75 and 150 ppm) of the
isolated compounds during 18 days. Figures
1&2 showed that, plicatin B, was the most
effective compound since it showed significant
decrease in the survival of the termites after
two days at the two applied levels. After six
days of treatment, most of the termites are

died at the level of 150 ppm, then no survival
was recorded after 7 days at the same con-
centration. A clear reduction was noticed in
the individuals size, probably due to the
dehydration effect of the applied compound
after two days of feeding ; at the same time the
activity of the termites had greatly reduced at
the same period.

Table (1) : Survival % of workers of Amitermes desertorum after exposure to Psoralea plicata
extract for 5 weeks at five ppm conc. levels.

Level Exposure Survival %
ppm Week | II II1 Total Mean +SD
1 100 100 100 300 100 0
2 91 92 93 276 92 0.82
0 5] 68 87 81 236 78.7 7.93
4 25 73 11 109 36.3 26.5
5 6 7 1 14 4.7 0.66
1 98 91 86 275 91.7 4.92
2 98 88 76 262 87.3 8.99
15 3 75 71 62 208 69.3 5.44
4 43 15 6 64 21.3 15.76
5 1 z 1 4 1.3 0.47
1 98 81 97 276 92 7.79
2 78 67 88 233 07 8.58
30 3 12 63 65 140 46.7 24.53
B 11 | 2 34 11.3 8.85
5 5 0 ] 12 4 -
1 12 11 13 36 12 0.82
2 5 1 1 7 2.3 1.90
75 3 0 0 0 0 0 -
“+ 0 0 0 0 0 -
5 0 0 0 0 0 -
1 35 18 17 70 233 8.26
2 22 15 12 49 16.3 4.19
150 3 0 0 0 0 0 -
4 0 0 0 0 0 -
5 0 0 0 0 0 -
1 100 88 87 275 91.7 5.91
2 85 81 77 243 81 3.27
300 3 6 23 11 40 133 7.13
4 3 13 21 7 4.32
5 0 0 0 0 0 -
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Fig. (1): Survival (%) of Amitermes desertorum treated with
150 ppm of isolated compounds from Psoralea plicata
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In case of flavonoid mixture ,the mean
survival of the termites was greatly decreased
after two days of feeding at the two
concentration levels 75 and 150 ppm, but the
survival percent was much decreased at level
150 ppm comparatively to level 75 ppm. After
nine days, all the individuals were dead at the
two levels . It was observed that most of the
termites started to avoid feeding on the filter
papers and hide under damp sand after two
days of exposure to the treated papers.

Fig. (3): Effect of Plicatin B in-vitro on the
bacteria isolated from gut of A. deserforum

Clearing zone diameter (cm)

In case of chromene compound, the
concentration level of 150 ppm, was more
effective than the 75 ppm level, since all the
termites were killed after nine days of
exposure. The same effect was noticed with
concentration levels 75 and 150 ppm in the
first two days, but differ after six days.

Psoralen and angelicin ,were similar in

their effects on termites survival during
feeding at levels 75 and 150 ppm.

Among the tested compounds of Psoralea
plicata ,only plicatin B ,flavonoids and chro-

menes respectively showed the strongest ter-
miticidal activity at concentration ievel of 150
ppm. Unlike these three Psoralea compounds,
it was found that the other compounds are
more or less similar in action on termites with
apparent weak antitermite efficiency.

The statistical analysis of the obtained data
indicated that the survival of termites is
significantly different according to the con-
centration of the compound applied (in case of
plicatin B and flavonoeids), and the survival
difference was clear with other compounds
(psoralen, angelicin, isovitexin and a-diplicatin
B) especially at level 150 ppm after two days of
feeding.

The action of plicatin B on the anaerobic
bacteria isolated from the gut of A. desertorum
was demonstrated by clear zone, when itis
applied to nutrient agar medium inoculated
with the respective bacteria after 24 hrs.
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ABSTRACT :

A study of the trees on Botanical Island at Aswan recorded seven species belonging to
four families which were infested by the subterranean termite Amitermes desertorum
(Desneux). This termite was recorded as the only species in this island representing the
order Isoptera.

Many structurally different compounds from the root bark of Artemisia argentea L’ Her
(Asteraceae), including sesquiterpene lactones, arborescin and argentiolid B [1,2], a group of
lignan compounds especially sesamine and yangambin and the crude extract were tested
against the workers of the subterranean termite, A. desertorum (Desneux). The crude extract
showed significant insecticidal activity against either feeding or survival after one week at
all tested levels, and the compounds argentiolid B and sesamine gave a high effect at
concentration level 25% after two days.The crude extract was applied on two species of trees
on this island.
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INTRODUCTION :

In connection with interest in
biologically active natural products [3], we
investigated the chemical constituents of the
root bark of Artemisia argentea 1’ Her . A
large number of sesquiterpene lactones and
tetrahydrofurofuran lignans were previously
reported from over hundred species of
Artemisia [1,2,4-9]. Argentiolid p, sesamine,
yangambin and arborescin were evaluated
against Amitermes desertorum which damage
trees and woods in Upper Egypt .

our

The subterranean termite species are
increasing in its importance in temperate
regions [10,11], especially those belonging to
family Termitidae [12]. Some researchers
[13,14] have observed that the most
destructive termites belong to the genera
Amitermes and the frequently most recorded
termite in Aswan Governerate is A. deserforum
(Desneux) which builds its nests underground
or in the heart of trees and attacks both dead
wood and live trees. In 1982, Aliet al, [15]
stated that this species is very adaptable and
has a wide distribution on Egyptian timber.
Plant extractives have been bioassayed for one
or more antitermitic effects, including toxicity
to the imsects and/or gut symbionts, feeding
deterrency, non-preference or repellency,

against one or more termite species .

Aswan Botanical Island is situated in the
middle of the river Nile in Aswan, Egypt, and
covers an area of 17 feddans. In this garden
there are many different species of tropical
and subtropical plants. The present study
indicated that A. desertorum infested many

-28-

trees species specially Eugenia jambolana,
Family Myrtaceae (mambosia) and Roystonia
regia, Family Palamaceae (Royal Palm).

The aim of this work is to determine the
biological value of the root bark extract of A.
argentea and some pure compounds against the
subterranean termite A. deserforum in the
laboratory and field.

EXPERIMENTAL :

Materials and Methods :

Plant material :

The root bark of Artemisia argentea plants
cultivated in the experimental station of
medicinal plants, Faculty of Pharmacy, Assiut
University was collected during April and May
1996.

Extraction and isolation :
See reference [9].

Field visits :

Twenty-four field visits were carried out
during one year from April 1997- April 1998.
The number and species of infested trees were
recorded. Superficial examination of the trees

was made in order to discover any symptoms
due to termites infestation.

Laboratory investigation:

Wood samples of termite-infested trees
were collected from the close vicinity of roots
and transferred to the laboratory. The
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termites species were identified by the Plant
Protection Department, Faculty of Agriculture,
Assiut University.

Termites :

A colony of the A. desertorum was
collected from infested mambosia trees.

Force-feeding test :

A round plastic container of five cm in
diameter and 3.5 cm in height was packed
with 50 gm. sterile sand moistened with 7 ml.
distilled water to keep the relative humidity
near saturation. Five levels of crude extracts
were tested (5,10,25,50 and 100 conc. %).
Filter papers (1 cm in diameter) were dipped
in the methanolic extracts for each level for 10
seconds, and dried at room temperature for
evaporation of the solvent. The treated papers
were placed on the sand and 100 worker
termites were added to each container.
Untreated filter papers were supplied to
termites as a control. The containers were
incubated at 25+1°C for five weeks and the
number of surviving termites were recorded in
each replicate. Filter papers treated with five
concentration levels of the isolated compounds
of Artemisia argentea (10, 15, 20,25 and 30
concentration %), were evaluated against
termites and the number of surviving termites
were taken at 2, 6, 10 and 14 days,
respectively.

-29-

Field application of Artemisia extract:

An observation of the trees revealed the
existence of tunnels on their surface. These
tunnels were removed and cleaned, then the
trees were painted with the extract solution
(extract soluble in water). The quantity of
crude extract which was brushed on each
tunnels (7 m. length) equals 260 mg. and
observed weekly. After two months the
experiment was repeated. To spread the crude
extract solution through the colony or the nest
of the termites a frame of wood (20x20 cm)
full of blocks (1x1x2 cm) of the same treated
trees was burried beneath the tree mear its
root after dipping in the plant extract solution
for ten seconds. The frame was also observed
after two months.

Statistical analysis:

Data were statistically analyzed using
F-test.

RESULTS AND DISCUSSION :

This paper is the third of a series on the
insect distribution of Isoptera species in Aswan
Botanical Island [16,17]. The pest infested 7
tree species with subterranean termite A.
desertorum. This higher termite ( Termitidae)
was the only species that represents order
Isoptera (Table 1). The first part of this work
shows the bioassay of crude extract with four
pure compounds from Artemisia argentea L’
Her on feeding and survival of Amitermes
desertorum which depend in their digestion on
some symbiotic organisms (bacteria), living in
their gut.
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Table 1: A list of wooden trees in the Botanical Island, Aswan and the number of infested trees by

Amitermes desertorum
Family Species name Common  Total number Number of Infested trees

name of trees infested trees %%
Palmaceae Borassus flabelliformis Deiolib palm 6 1 16.7
Palmaceae Phoenix dactylifera Date palm 48 2 4.2
Palmaceae Roystonia regia Royal palm 143 2 1.4
Myrtaceae Eucalyptus rostrata Kafour 3 1 33.3
Myrtaceae Eugenia janbolana Mambosia 34 15 44.1
Anacardiaceae = Mangifera indica Mangoes 14 2 14.3
Moraceae Pleiogynium solandri Gambosia 2 50

Tables 2 and 3 show the mean survival of
A.desertorum feeding on filter papers treated
with different levels (%) of crude extract
during five weeks and the pure compounds
during two weeks. It was observed that the
percentage of survival was level and exposure
dependent. The results represented in table 2
guide to the range of compounds concentration,
these ranged between 10-30%. Table 3
indicated that the termites lived approximately
two weeks only after feeding on arborescin
and yangambin at two levels (10 and 15%) and

the remaining were dead within 10 days for
both argentiolid P and sesamine. The activity
of sesamine and argentiolid p started from the
concentrations 20-30% after two days and
increased gradually until becoming maximum
at 25% after six days. But all levels (10-20%)
showed a weak anti-termitic effect similar to
untreated samples and the survival was not
significantly different after two days except
for compounds argentiolid § and sesamine
which gave significant effect .

Table 2 : Mean survival of workers of Amitermes desertorum after exposure to Artemisia argentea as
a crude root extract for five weeks at five concentrations '

% Conc. (ppm) 1 week 2 weeks 3 weeks 4 weeks 5 weeks
5(15) 73 42 13 2 1
10 30) 14 3 0.0 0.0 0.0
25 (75) 17 0.3 0.0 0.0 0.0
50 (150) 6 0.0 0.0 0.0 0.0
100 (300) 0.0 0.0 0.0 0.0 0.0
Control 100 96 81 69 61
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Table 3 : The survival of Amitermes desertorum workers fed on filter papers with five
concentrations of four compounds isolated from Artemisia argentea root bark .

Compounds  ppm (conc. %)

Mean survival + SD

after 2 days after 6 days  after 10 days after 14 days
Argentiolid p 762 100 £ 0.0 95 +1.26 10+ 0.5 2.0+ 0.96
Sesamine 433 (10) 100 + 0.0 94 +2.94 15 £3.40 3.0x1.71
Yangambin 714 100 £ 0.0 91 +3.32 42 +17.17 6.0 +2.63
Arborescin 1300 100 + 0.0 87 +7.44 59+2.63 19 +4.32
Argentiolid 1144 100 £ 0.0 85+5.44 1.0+0.5 0.0 £0.00
Sesamine 650 (15) 100 £ 0.0 69 +5.44 3.0+1.26 0.0 +0.00
Yangambin 1071 100 £ 0.0 45+2.94 12 +1.26 9.0 £1.63
Arborescin 1950 100 + 0.0 95 +2.87 86 +4.08 14 +3.56
Argentiolid B 1526 77 +3.74 44 £5.35 14 +3.30 0.0 +0.00
Sesamine 867 (20) 78 +5.80 22+3.27 9.0 £0.82 0.0 £ 0.00
Yangambin 1428 100 £ 0.0 80 +5.91 28+2.45 0.0 + 0.00
Arborescin 2600 100 £ 0.0 95 +2.50 84 £3.77 0.0 £ 0.00
Argentiolid B 1906 44 +4.65 20+ 5.44 1.0 £0.50 0.0 £0.00
Sesamine 1083 (25) 35 £4.50 6 +2.50 0.0 £ 0.00 0.0 £ 0.00
Yangambin 1786 100 £ 0.0 90 +2.94 18 £5.25 0.0 £ 0.00
Arborescin 3250 100 £ 0.0 13 +1.89 0.0 £ 0.00 0.0 £ 0.00
Argentiolid p 2287 92 +4.19 7.0 +4.55 0.0 £0.00 0.0 £ 0.00
Sesamine 1300 30) 67 +2.83 3.0 £2.06 0.0 +£0.00 0.0 £0.00
Yangambin 2143 100 £ 0.0 49 + 8.34 5.0 £3.20 0.0 £0.00
Arborescin 3900 100 + 0.0 22+3.30 7.0+ 1.71 0.0 + 0.00
Control 0.00 100 £ 0.0 100 £ 0.0 95 +3.10 89 +3.30

F=358.08, P=0.000 (ANOVA)

Figures 1-5 show that argentiolid P and
sesamine were the most effective compounds,
since a significant decrease in the survival of
the termites was shown after two days at two
applied levels (20-25%). After six days of

e

treatment most of the termites died at the level
of 25 - 30%. No survival was recorded after 10
days at 15-30 %. It was observed that at
concentration 30% termites avoid to eat the
treated papers and hide beneath sand surface.
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There are three possible causes of death:

1- The effect of the crude extract and the pure
compounds on the derm of the termite;

2- Death of bacteria which live in the gut of
the termite;

3- A combination of the effect on the derm
and on the gut bacteria.

This requires further specialized study in
order to determine the exact cause. Many
investigators world wide have made large
screening efforts for plants possessing
physiological effects on pests [3,18-22]. The
large scale application of common insecticides
has a great threat to the environment. The
application of the plant extracts to the control
of insect pests canmn be a possible
alternative[23].

The second part of our research deals with
the application of plant extracts to control of
termites on Eugenia jambolana (mambosia)
and Roystonia regia (Royal Palm) trees on
Aswan Botanical Island. The data in Table 1
shows about 50% of mambosia trees were
infested by termites and we selected also the
royal palm tree because it is a rare tropical
trees.

In the case of E. jambolana , after painting
the infested trees with Arfemisia argentea
crude extract, it was observed that the crude
protected the treated trees from
termite attack for two months and prevented
the formation of tunnels by termites on the
surface of the trees. After two months, the
tunnels appeared again, so the experiment was
repeated again and the same results were
obtained. That, the infestation occurred again

extract

B3

may be due to the infestation of other trees or
the crowdy nest by increasing individuals of
termite [24]. But in the case of R. regia , the
crude extract successfully prevented the return
of tunnel by termites from April 1997 to April
1998.

Generally, the application of crude
extracts or pure compounds derived from the
root bark of Artemisia argentea offers a
desirable alternative to chemical insecticides
for the control of the subterranean termite A.
desertorum, which infests wooden trees in
Aswan city. Also of special merit is the testing
of other plant extracts against insect and pests,
including the termites and the microorganisms
inhabiting their guts.

REFERENCES :

1- E-Emary, N. A. and Bohlmann, F.:Zwei
Neue Germacranolides Aus Arfemisia argen-
tea L’Her. Phytochemistry, 18, 845-847
(1980).

2- ElFEmary, N. A., Makboul, M. A. and
Hamed, M. : Sesquiterpene Lactones from
Artemisia argentea. Phytochemistry, 26, 314-
315 (1980).

3- Hoda, M. A.; Hamed, A. Il and El-Emary,
N. A., Antitermite Principles Isolated from
the Wild Herb, Psoralea plicata Del. Ass.

Univ. Bull. Environ. Res. 1(2) p-p 17-25
(1998).
4 Greger, H. and Hofer, O.: New

Unsymmetrically Substituted Tetrahydro-
furofuran Lignans from Artemisia absinthium.
Tetrahedron, 36, 3551 (1980).




Ass. Univ. Bull. Environ. Res. 1(2) (1998) 27-35

5-Kelsey, R. G. and Shafizadeh, F.:
Sesquiterpene Lactones and Systematics of
the Genus Artemisia. Phytochemistry, 18,
1591 (1979).

6- Jones, W. A.; Beroza, M. and Becker, E. D. :
J. of Org. Chem., 27, 3232 (1962).

7- Ghosal, S.; Bnerjee, S. and Srivastava, R. S.:
Simplexolin, A New Lignan from Justicia
simplex. Phytochemistry, 18, 503 (1979).

8- Hall, H.; Starnes, C. O.; Lee, K. H. and
Waddell, G.:Mode of Action of Sesquiterpene
Lactones as Anti-inflammatory Agents. J. of
Pharm. Sci., 69, 5, 537 (1980).

9- El-Emary, N. A. and Attia, A. A. : Lignans
and Sesquiterpene Lactones from Arfemisia
argentea L’Her. Bull. of Pharm. Sci., Assiut
University, Egypt, 11(1), 154-159 (1988).

10-Wood, T. G. and Cowie, R. H. : Insect
Science and its Application, 9, 709-717 (1988).

11-Gray, D. E. B. W. P.A. Termite
Symposium, 117-126 (1969).

12-Daly, H. V.; Doyen, J. T. and Ehlich, P.R. :
Introduction to Insect Biology and Diversity,
McGraw, Hill, New York-London-New Delhi-
Toronto (1978) 564.

13-Harris, W. V.: Tropical Agriculture Series,
Longman , London (1961) 187.

14-El-Hemasy, A. H.: Agriculture Research
Review, Ministry of Agriculture, Egypt, 54,
193-195 (1976).

15-Ali, A. W. M., Khalil, F. M.; Abou Ghadier,
M. F., Risk, M. M. A. and Abdel Hafez, M.
A.: Assiut Journal of Agricultural Sciences,
13(3), 131-136 (1982).

16-Hoda, M. A. and El-Akkad, M. K.: Journal
of the Egyptian-German Society of Zoology,
25(E), 209-229 (1998).

17-1dem. 179-194 (1998).

18-Su, H. C. F.: Toxicity of a Chemical
component of lemon oil to cowpea weevils. J.
Ga. Entomology Society, 11, 297-301 (1976).

19-Jacobson, M.: The Neem Tree: In: Natural
resistance of plants to pests. Roles of
Allelochemicals . Ed. by Green, M.B. and
Hedin, P.A. ACS Symposium Series, No. 296,
American Chemical Society , Washington
(1986).

20-Prabhakar, N. ; Coudriet, D. L.; Kishaba, A.
N. and Meyerdirk, D. E.: Journal of
Economic Entomology, 79, 3941 (1986).

21-Stein, U. and Klingauf, F.: J. of Appl

Entomol., 110, 160-166 (1990).

22-Mannaa, S. H. and Attia, A. A.: J. of Agri.
Sci., 23, 2, 119-139 (1992).

23-Breuer, M. and Devkota, B.: J. of Appl
Entomol.,110-128 (1990).

24-Cedric, G.: Entomology, Plenum Prees, New
York, N. Y. (1980)729 pp.




Ass. Univ, Bull. Environ. Res. 1(2) (1998) 27-35

oladsiml 2o Jlywly Sllaill Gya30 o8 1. daialll Gygluie duyiy il yia yuan
Laciia 5l Lajusonti sl Slad Jo dlgnitoll Gyl Sl ol jangy olall jaliciausdl
©385 3333 Juo yiol Jaualll Joill doglis g

g el daal jual FPCl Y 4o ibas 08 s aca) ) A e

wear el e sl
¢ o) gmal 53 1) Gigin Anala pglal) A0S ) guall ale aud ** - clil) Ao aud
b gaual Anala — Ao 3l Auls —cldl) LB g and®*** Auall A0S — H8lEal) alo aud **

mu.&'ﬂaiyi:\uﬂuij_mtﬁllﬁhmzﬁ}uJJw ua:sﬂl_,hi_).ﬂ‘d_;u
‘JA&_,.L]‘ |:\ﬁM(ﬁ.(}3_}9))?_)}3)_}9_&&.‘)%‘1&J‘M!MQ%\.&M&G&L&
CBoa el eda (b daial) A gl 455 Biae a g g S 1N Jadll

o Jind Alile — Lia ) L.u":.me.fui Sl gda 88 (e ARl SLS jall e paall Juad o
O de sanay (sl 5 @ adplinl ) GLSESY G fSeull e JS e dlade
Gasb 0o GSlasl agaS 5 aaad o Cua ( Gameladly g Opeliars ) diald Giliadll S

?JﬁJJgawjy‘wJ‘Qﬂlw‘ﬁymulc

U.ALLSUJUA_}N| d.AﬂiZ)_au.‘._}mS&ml_, .Lhia?lallualalu.uui@uﬂlima;!
sy dny g /Y0 38 55 (5 sine dio Ladd ja T80 Gaalaall g Al pitia Y)Y (S ja Shac]

o etV e e i e aLA il e )| @il paliiud Jliadl Galall &5 WS
" tliL_\ﬂ\ TR

-35-




Ass. Univ. Bull. Environ. Res. 1(2) (1998) 37-46

FATTY ACIDS COMPOSITION, NEUTRAL LIPIDS AND
PHOSPHOLIPIDS FRACTIONATION IN EXTRACTED LIPIDS
OF FOUR PLANT SEED VARIETIES

M. R. Rashwan and Salih A. Bazaid*
Food Science and Technology Dept. Faculty of Agric., Assiut Univ.,Assiut, Egypt.
* Umm Al-Qura Univ., Makkah, Saudi Arabia.

Received 12/9/1998 , accepted 10/10/1998

ABSTRACT :

The study was carried out on the extracted lipids of four different varieties of plant seeds
viz., Sehouwia purpurea; Cassia senna; Cassia italica and Cassia holosericea . The chemical
characteristics and lipid classes composition of these lipids were studied.

The total lipids content of plant seeds ranged from 6.7 % to 29.87% , depending on the
variety. The total lipids extracts were fractionated into neutral lipids, phospholipids and
glycolipids by column chromatography. The neutral lipids varied from 95.62% to 96.28%,
phospholipids from 2.04% to 2.78% and glycolipids from 1.06% to 1.6% . Thin layer
chromatography ( TLC ) revealed that triglycerides constituted the major fraction of the
neutral lipids , forall studied varieties and accounted from 90.78% to 92.70% . TLC showed
the presence of seven fractions of phospholipids. The main component of phospholipids
was phosphatidyl choline accounted from 36.72 % to 40.62 % of the total phospholipids .

The fatty acid composition of total lipids was carried out by gas liquid chromatography
(GLC). The plant seed lipids contained high percentage of unsaturated fatty acids consisted
mainly of oleic and linoleic acids. Therefore, the studied plant seeds could be used
successfully as a source of unsaturated fatty acids, and offer a promising source of oil for
nutritional purposes .
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INTRODUCTION :

The shortage of oils and fats in several
parts of the world has become more acute with
the rapid increasing of population. Possible
practical procedures to overcome this problem
are the cultivation of new crops and/or plant
breeding to increase the oil content of
traditional oil crops .

The chemical composition of different
seeds was affected by the variety of the
seed and the environmental conditions of
planting [1] .

Oil quality depends solely upon the fatty
acid composition of the oil. The previous
studies revealed the presence of palmitic,
stearic, arachidic and behanic acid among the
saturated fatty acids, and palmitoleic,
hexadecadienoic, oleic, linoleic, linolenic, and
erucic acid from the unsaturated fatty acids in
the oil of gobhi sarson (Brassica napus)[2] .

Correlation studies revealed that erucic
acid was negatively associated with oleic,
linoleic and linolenic acids. It is suggested that
the variation for fatty acids in gobhi sarson
and nature of association amongst fatty acids
can be exploited to develop genotypes with
better oil quality [2].

Comparative physical and chemical
characteristics of chinese sarson (Brassica
chinensis) seeds oil and other mustard varieties
indicated that the chinese sarson seeds are low
in oil but high in protein content. Besides, the
specific gravity and saponification values of
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Chinese sarson oil are slightly higher
compared to other Brassicae seed oils . The oil
contained more erucic acid and less linolenic

acid than other varieties [3].

Lajolo et al.,[6] reported that the chemical
compaosition, oil  characteristics,
glucosinolate, simapine, and phytic acid
contents were studied in low glucosinolate
Brassica napus varieties. Lipids (43- 45%) with
an erucic acid content lower than 1% and
proteins (18-20%) were the main components.
The rape seed varieties introduced in Brazil
showed adequate agronomic and chemical
characteristics and still offer a promising
source of oil and protein for nutritional

purposes .

and

Therefore, the potential for utilizing some
plant seeds for oils production appears to be
favorable. This study was designed to shed
light wuwpon the lipids and phospholipids
fractionation in the oils of four Saudian plant
seeds. The fatty acid composition of the
extracted lipids were studied as well .

EXPERIMENTAL :

Materials and Methods :
Materials :

Representative samples of four varieties of
Saudian plant seeds namely: Sehouwia
purpurea; Cassia senna; Cassia italica and
Cassia holosericea were collected from Taif
area, kingdom of Saudi Arabia. The seeds
were crushed and dried in an oven at 40°C.
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Analytical methods :

The crushed seeds (2g) were extracted with
petroleum ether in a soxhlet apparatus at
40-60°C for 16 hrs. For quantitative
determination of crude oil, according to
AOAC method [5].

Total lipids of the ground seeds were
extracted wusing a solvent of
chloroform methanol (2:1 v/v) according to the
method described by Folch et al. [6].

mixture

Acidity, iodine, saponification, peroxide
values and unsapomifiable matters were
determined according to AOAC methods [5].

Fractionation of lipid classes:

The extracted lipids were fractionated by
silicic acid column chromatography, using
sequential elution with chloroform to obtain
the neutral lipid. The glycolipids and
phospholipids were eluted with acetone and
methanol, respectively [7,8].

The eluted fractions were collected in
preweighed flasks, solvents were removed
using a rotary evaporator at 40°C. Each eluted
fraction was determined gravimetrically as a
weight percentage of the total lipids .

Fractionation of neutral lipids and
phospholipids :

This was carried out on a thin layer of
silica gel G plate using hexane : diethy! ether :
acetic acid (80: 20:1 v/v) and chloroform:

-39-

methanol: water (85: 10 : 5 v/v), respectively,
according to the methods of Malins and
Mangold and of Radwan [9,10] .

For quantitative analysis of neutral lipids
and phospholipids, the chromatograms were
scanned using Shimadzu TLC scanner (C-S-
910). The area under each peak was measured
by the triangulation method [11] The
percentage of each fraction was calculated
with regard to the total area .

Estimation of fatty acids :

The methyl esters of fatty acid composition
of total lipids of each variety were prepared as
described by Rossell et al. [12] using 3% HZSO 2

in absolute methyl alcohol .

A Perkin Elmer gas chromatograph (GC-
4CM-Shimadzu), with a flame ionization
detector was used in the presence of nitrogen
as a carrier gas. The separation was carried
out at 150-240°C (temperature rate 5°C min
on a (3 M x 0.3 mm) glass column packed with
silar 5 cp on chromo (80-100) mesh. Both the
injector and detector temperatures were
270°C. The nitrogen, hydrogen and air flow
rates were 20, 1 and 0.5 ml min, respectively.
The chart speed was 5 mm min .

Peak identifications were established by
comparing the retention times obtained with
standard methyl esters. Quantitative results
were obtained with the aid of an HP
computing integrator .
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RESULTS AND DISCUSSION :

Table(1) illustrates  the  chemical
characteristics of plant seed lipids. The data

showed that the chemical characteristics of the
lipids varied slightly according to the variety
of the seeds .

Table (1) : Chemical characteristics of plant seed lipids .

Characteristics Seed varieties
Schouwia Cassia Cassia Cassia
purpurea senna italica holosericea
Iodine value 109 101 118 124
Acid number 0.9 0.4 0.6 0.4
Peroxide value 0.1 0.1 0.2 0.3
Saponification number 185 192 190 188
Unsaponifiable matter % 1.0 0.9 1.2 1.1

The iodine value of plant seed lipids were
109, 101, 118 and 124 in Schouwia purpurea;
Cassia senna; Cassia italica and Cassia
varieties, respectively. The
extracted lipids showed relatively low acid
numbers and peroxide values, indicating their
high stability against deterioration. This clearly
indicated that the studied plant seed lipids
might have low levels of oxidative and lypolytic
activities or could have high contents of natural

holosericea

antioxidants. As shown in the tabulated
data, the saponification number and the
unsaponifiable matter for all studied samples
differed slightly .

Fractionation of Lipid Classes :

The relative percentages of the major lipid
classes are presented in table (2).

Table (2): Total lipids and their classes from different varieties of plant seeds *

Consitatuents Schouwia Cassia Cassia Cassia
purpurea senna italica holosericea

A- Total lipids content % 29.87 9.05 11.65 6.70
B- Lipid classes as % of total lipid :
1- Neutral lipids 95.62 96.04 96.18 96.28
2- Phospholipids 2.78 2.66 2.04 2.62
3- Glycolipids 1.46 1.20 1.60 1.06
Column recovery 99.86 99.90 99.82 99.96

* On dry weight basis .
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The neutral lipids represented 95.62%,
96.04 %, 96.18% and 96.28% of the total lipids
of Schouwia purpurea ; Cassia senna ; Cassia
italica and Cassia holosericea seed lipids,
respectively.

However, phospholipids and glycolipids
recorded(2.78% and Fk46%), (2.66% and
1.20%), (2.04% and 1.60%) and (2.62 %, and
1.06%) of the total lipids of the same studied
varieties, respectively .

The qualitative and quantitative data of
the individual lipid classes of the studied plant

o

S ©- R AP

seed lipids are shown in table (3) and Figs (1
and 2) .

The tabulated data showed that the neutral
lipids revealed the presence of seven fractions
(Fig. 1).

Triglycerides constituted the major
percentage of the neutral lipids, and accounted
for 91.82% , 90.78% , 92.70% and 91.0% of
Schouwia purpurea, Cassia senna, Cassia
italica and Cassia holosericea respectively.

Fig. (1) : Thin layer chromatogram of neutral lipid fractions of plant seeds.

A= Schouwia purpurea
C= Cassia italica

1- Monoglycerides

3- sterols

5- Free fatty acids

7- Sterol esters + Hydrocarbons .
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B=Cassia senna
D=Cassia holosericea
2- 1,2 &2, 3 - diglycerides
4- 1,3 diglycerides

6- Triglycerides
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The data showed that the lowest
percentage of triglycerides was found in Cassia
senna lipids (90.78%), indicating that the lipid
might had been hydrolyzed, which resulted in
higher proportions of free fatty acids (3.62%).

Similar trend of resunlts that reported
in the literature concerning Brassica juncea
lipids [13] .

Table (3): The densitometric analysis of the major lipid fractions of plant seed lipids .

Lipid Schouwia Cassia Cassia Cassia
purourea senna italica holosericea

Neutral Lipids :
Monoglycerides 0.62 0.78 0.50 0.44
1,2 & 2,3-diglycerides 1.24 1.02 1.68 1.82
Sterols 1.02 1.26 0.82 0.96
1,3 diglycerides 1.34 1.42 1.06 1.06
Free fatty acids 2.48 3.62 2.04 2.92
Triglycerides 91.82 90.78 92.70 91.00
Sterol esters+ Hydrocarbons 1.48 1.12 1.20 1.80
Phospholipids :
Phosphatidyl serine 5.62 6.45

Lysoephosphatidy] chiolne 3

i

i

1% 14

108

Phosphatidyl inositol 9.82 8.82 7.43 9.22
Phosphatidyl choline 36.72 38.04 40.62 37.33
Phosphatidyl ethanolamine 29.41 27.66 28.50 29.62
Unidentified 11.26 12.63 12.14 11.97
Phosphatidic acid i 3.42 2.81 2.63

On the other hand, variations were 40.62% and 37.33% of the total phospholipids

detected in the minor lipid fractions among the
different varieties of the studied plant seed
lipids .

The phospholipid class showed seven
fractions (Fig. 2). Six of these fractions were
identified. The data indicated that the main
component of phospholipids was phosphatidyl
choline, amounting to 36.72%, 38.04%,
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in the above studied samples, respectively. It
was followed by phosphatidyl ethanol amine,
unidentified, phosphatidyl inositol, phospha-
tidyl serine and Lysophosphatidyl choline,
respectively .

However, rather slight variations
phospholipid components were
among all the studied varieties .

in
observed
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A= Schouwia purpurea
C= Cassia italica

I- phosphatidyl serine

3- phosphatidyl inositol

5- phosphatidyl ethanolamine
7- phosphatidic acid

Fatty acids composition :

The fatty acids composition of the total
lipids are presented in Table (4).

* The tabulated data showed that schouwia
purpurea seed lipids contained high percentage

B ¢ p

Fig (2) : Thin layer chromatogram of phospholipid fractions of plant seeds.

B= Cassia Senna

D= Cassia holosericea
2-lyso-phosphatidyl choline
4- phosphatidyl choline

6- unidentified

of unsaturated fatty acids (53.417%) of the
total fatty acids , consisted mainly of oleic acid
(25.705%) followed by linoleic acid (15.474%)
and linolenic acid (12.238%). The main
saturated fatty acid was arachidic acid
(18.059%).
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Table (4) : Fatty acids composition of total lipids in some plant seeds (% of the total) .

Carbon
Fatty acids % Chain Schouwia Cassia Cassia Cassia
Length purpurea senna italica holosericea
Hendeconic Cy:0 0.332 0.489 N.D.* N.D.*
Lauric Cip:0 13.004 4.014 1.156 3.968
Trideconic Ciz:0 0.784 N.D.* 0.129 N.D.*
Myristic Ciy:0 1.988 1.264 0.491 0.663
Pentodeconic Ci5:0 4.591 8.043 N.D.* 4.886
Palmitic Cys: 0 7.829 40.424 29.812 18.856
Oleic Cig:0 25.705 41.773 29.323 20.011
Linoleic Cyg:0 15.474 1.452 39.089 51.616
Linolenic Cig:0 12.238 N.D.* N.D.* N.D.*
Arachidic Cy: 0 18.059 2.541 N.D.* N.D.*
Total saturated fatty acids 46.583 56.775 31.588 28.373
Total unsaturated fatty acids 53417 43.225 68.412 71.627

*N.D. = Not detected

In addition, the data showed that total
lipids of Cassia holosericea seemed to contain
high levels of total unsaturated fatty acids
(71.627%) followed by Cassia italica variety
(68.412%), consisted mainly of linoleic acid
(51.616% and 39.089%) followed by oleic acid
(20.011% and 29.323%) respectively. The
variation in unsaturated fatty acids in all
studied samples may account for the
differences in the iodine value among the
varieties. The main saturated fatty acid was
palmitic as its percent was 40.424%, 29.812%
and 18.856% in Cassia senna, Cassia italica
and Cassia holosericea, respectively. These
trends of results are in agreement with those
previously reported by Singh et al. [11].

From this study it could be noticed that the
four varieties of Saudian plant seeds had a

high unsaturated fatty acids content and they
can be used successfully, as a source of these
fatty acids, and offer a promising source of oil
for nutritional purposes .

REFERENCES :

1- Taira, H., Taira H. and Saito, M. , Influence
of location on the chemical composition of
soybean seeds. I. protein, oil, carbohydrate
and ash contents. Nippon Sakumatsu Gakkai
Kiji., (40) : 530-544 (1971). (C. F. chem.
Abst., 77 : 4265C, 1972) .

2- Singh, P., Khehra, M. K. and Gupta,V. P.,
Variability and correlation studies for oil
quantity in Gobhi Sarson. Crop improvement
118 (2): 115-118 (1991) .




Ass. Univ. Bull. Environ. Res. 1(2) (1998) 37-46

3- Berry, S. K and Sehgal, R. C. Physical and
chemical characteristics of Chinese Sarson
(Brassica chinensis) seeds oil. J. of food Sci.
and Technology, 29 (6): 391- 392 (1992).

4- Lajolo, F.M., Maarquez, U. M. L., Filisetti-
Cozzi, T. M. C. C., and Mc Jregor, D. I. .

in rape seeds (Brussica napus) cultivars
grown in Brazil. J. Agric. Food Chem., 39
(11), 1933-37 (1991) .

5- AOAC, Official Methods of Analysis 13thEd
(1980) Association of Official Analytical
Chemists, Washington, DC.

6- Folch, J., Lees, M. and Stanley, G. , A simple
method for the isolation and purification of
total lipids from animal tissues. J. Biol .
Chem ., 226, 497-509 (1957) .

7- Rouser, G., Kritchevsky, G., Simon, G. and
Nelson, G. J., Quantitative analysis of brain
and spinach leaf lipids employing silicic acid
column chromatography and acetone for
elution of glycolipids. Lipids, 2,37 (1969) .

45-

8- Abdel. all, M.H., Khalil, M.K. and Rahma,
E. H. , Apricot Kernel Qil: characterization,
chemical compeosition and utilization in some
backed products . Food Chem., 19, 287
(1986).

9- Malins, D. C. and Mangold, H. K. ,
Fractionation of fats, oils and waxes on thin
layers of silicic acid J. AOCS, 37, 383 (1960).

10-Radwan, S. S., Coupling of two dimensional
thin layer chromatography with gas
chromatography for the quantitative analysis
of lipid classes and their costituent fatty acids.
Chromatographic Science, 16, 538 (1978).

11-Kates, M., In : Techniques of lipidology,
Isolation, Analysis and Identification of lipids.
Elsevier Publ . Co., New York, 1972, p. 465 .

12-Rossell, J.B., King, B, and Downes, M. J.,
Detection of Adulteration . J. AOCS, 60, 333-
339 (1983) .

13-Wani, S. A., Stability for oil content and

harvest index in Indian mustard. Adv. plant
sci. 6 (1) : 65 - 69 (1993) .




Ass. Univ. Bull. Environ. Res. 1(2) (1998) 37-46

dlslasioll Slsasalll Sliss 5085 daigsll ploall aa s danlys
dauleall 5oaall Jo mlgdl daug sl gassalll paliianell g8 Slassalstuyilly

rah e pla c Folsd,) Jdadl ae Ol sl daa

an = Dgad = da gl daals = Aol 30 LS - LAY L ) 415 5 2 sle i
dga gsad) Ay pal) LSledl — 480 = (5 51l o] Aals *

ot L) )0 e gl sl Ay ) e Aaliiall ol e dul i) oy al
el jal S U clagull) sl haud SN ¢ Lalit wall KN ol L8Lasl alladll
"
st sila g )SI Jodall aladily @3 ¢ cilagad sSilall — il g gill — Aslatal) <oyl
cilis€a 8l (TLC) 4880 Lially (31 ja ke g < Jlatll 26, yla IS uaddia 5 . 3202 YL
o Glagd giu gill g Aalaiall oyl
il sila g S0 Julatll alasiuly LN Gl 8 daaall palaal) S 5 Al ) @l
. (GLC) s )\l
bl Lo Al jall il o yelif o
CAXLAY = Y e Al sl A o)l g giaall deud gl 5 - )
Laiy ¢ al€l ol iy 797,YA — 780,77 e Adalatiall cilaulll L a5 — ¥
SN =0T e Slagad fSilall g ¢ ZY, VA = UYL 06 e il gl gl A cilS
¢ Aobaiall Clagll Sl gSa V 2 g 488 N ALl A1 ja gile g S Judal) il o pedaf — ¥
138 a8 Laiy Z3Y,V o= 790, VA e Lghiwd Cua gl 5 Gua LGN Gy julall b S
S Gl oS Jpailian gill oS sa 158 55 W ST 1Sy ¢ Lyl liga ¥ ) layd i il
o ) g gill S S SN cpe € 0,TY = ZFTLYY e A CilS
pmmse sl (e Aaliiall clagll) o g AN e gile g HSH Jdaill S5 Ciaia gl - £
abeal Ll ddiayy dapdiall ype dgaall (aleaY! e dai pe Ao e (5 giad Dl )
- i gl eyl Y1
Qlall A jall aamm ge A5kl o2l aladinl) Say ashy dpa i) Sy Ll jal) 028 ¢ i e
238 (5 gina g UG Y ISy dal po Loy g Ao o Cum Dapliall e Al gl jaiaeS
A Ll e Ageal! @13 Aapdall a2 Agaall mbeall e g

-46-




