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Effect of Hormone Types and Concentrations on /n Vitro Multiplication and
Growth of Pineapple (Ananas Comosus (L.) Merr. ) Cv Moris on Liquid MS
Medium
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Abstract: The effect of two cytokinins, 6-benzyleaminopurine (BAP) and kinetin (KN) and two
auxins, naphthalene acetic acid (NAA) and indole acetic acid (IAA) each applied at 10
concentrations with an increment of 0.5 mg/I in the in vitro shoot formation of Moris pineapple
was evaluated in static liquid MS medium. The highest shoot formation (9 shoots per explant)
was obtained in medium enriched with NAA but at high concentration (4.5 mg/l). The second
best was 8 shoots per explant obtained in medium enriched with BAP at 2.0 mg/l. Out of 10
concentrations, NAA was better than BAP at the highest 5 and less at lowest 5 concentrations
and at all concentrations both hormones resulted in production of more shoots per explant than
hormone free medium. Except at two concentrations, NAA and BAP were better than KN. Either
one of these three hormones, BAP, NAA, KN could be claimed, depending on the tested range of
concentrations, better than the others for in vitro shoot formation of Moris pineapple. All of the
IAA concentrations, on the other hand, failed to produce more shoots than hormone free
medium. But, the longest shoot (56 mm) obtained in medium enriched with TAA at 2.5 mg/l and
the shortest shoots (6 mm) on medium enriched with KN at 4.0 mg/l. Seven of the IAA
concentrations resulted in shoots longer than hormone free medium (27 mm) while the shoots
length on the BAP, NAA and KN contained media was two times shorter than hormone free
medium. BAP at 2.0 mg/l was the best treatment for multiplication and IAA at 2.5 mg/l was the
best for elongation of Moris pineapple.

Key words: Pineapple, Ananas comosus, liquid culture, in vitro multiplication.

INTRODUCTION Adachi 1993), 70(Fernando 1986), 100

(Aydieh et al, 2000, Soneji et al, 2002,

Tissue culture of pineapple were reported using
solid medium(Bhatia and Ashwath 2002,
Sripaoraya et al., 2003, Hamad and Taha 2008a,
Hamad and Taha 2008c, b, Dutta et al., 2013,
Nelson et al., 2015) Hamad,2017), semi liquid
(Akin-Idowu et al., 2014), double phase system
(Pérez et al, 2012), filter paper bridge
(Mathews and Rangan 1979, 1981), direct
placement in a stationary liquid (Almeida et al.,
2002, Hamad and Taha 2003, Be and Debergh
20006, Teixeira et al., 2006, Pérez et al., 2012)
and agitated liquid culture at 50 (Kofi and

Zuraida et al., 2011) and 120 rpm (Zepeda
and Sagawa, 1981). In cases in which medium
states effect was compared, liquid was better
than solid medium and agitated culture was
better than the stationary one. Bioreactor
system was also used to reduce the cost of
pineapple in vitro culture (Escalona, et al.,
1999; Firoozabady and Gutterson, 2003;
Scherer, et al., 2013). The most commonly
used hormone for multiplication was BAP. It
was used singly (Zepeda and Sagawa, 1981;
Fernando, 1986; Aydieh ef al., 2000; Almeida
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et al., 2002; Be and Debergh, 2006; Hamad
and Taha, 2008c; Akin-Idowu, et al., 2014;
Nelson, et al., 2015) as well as in combination
with auxins. Combinations of three hormones,
BAP, NAA, IBA (Khatun, et al., 1997), KN,
NAA and IBA (Mathew and Rangan, 1976;
Rahman, et al., 2001; Soneji, et al., 2002),
KN, NAA, TAA (Mathew and Rangan, 1981),
BAP, TAA and IBA (Teixeira, et al., 2006),
two hormones BAP and IAA (Gangopadhyay,
et al., 2005; Hamad and Taha, 2008 a and b;
Dutta et al., 2013;) , BAP and NAA (Kofi and
Adachi, 1993; Escalona et al. 1999; Vesco, et
al., 2001; Firoozabady and Gutterson, 2003;
Perez, et al., 2012; Scherer et al., 2013), and
KN and NAA (Fitchet, 1990) were used for in
vitro multiplication of pineapple.

Comparison of KN and ZN (Hamad and
Taha, 2003), and BAP and KN (Omokoio, et
al., 2001) and BAP and NAA (Zuriada, et al.,
2011; Usman, et al., 2013) were made but at
narrow concentration range. The effect of
singly applied IAA, on the other hand, were
neither reported at one fixed nor at different
concentrations. Using of stationary liquid
culture and application of single hormone is
cheaper and simpler than solid medium with
combined application of two and three
hormones. In addition, it is well known that
singly applied hormone could, depending on
the applied concentrations, promote or
suppress the in vitro shoot formation. Hence,
when few concentrations are used for
investigation of hormone effect, it is very
likely that the best concentration may left out
of comparison. The objective of this study is
to compare the effect of two cytokinins (BAP,
KN) and two auxins (NAA, TAA) applied
singly each at 10 different concentrations on
the in vitro shoot formation and elongation of
Moris pineapple on stationary liquid MS
medium for two months of incubation.

MATERIALS AND METHODS

Full strength MS medium (Murashige and Skoog,
1962) were prepared, enriched with sucrose at 20

g/l and divided into 41 glass jars (15 x 5 cm.) each
received 30 ml of the medium. The jars were
divided into five groups. The first group consisted
of one jar, the second, third, fourth and fifth group
each consisted of 10 jars. No hormone were added
to the first group of jars and BAP at 0.5, 1.0, 1.5,
2.0,2.5,3.0,3.5,4.0,4.5 and 5.0 mg/l were added
to the second group, KN, NAA and IAA each at
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0
mg/l were added to the third, fourth and the fifth
group of jars respectively. The medium of each jar
was adjusted to pH 5.0. The jars were closed with
plastic lid and the media were autoclaved at 121
'C and 1.5 kg/cm? for 25 minutes. The content of
each glass jar (30 ml) was dispensed under
laminar cabinet into 3 sterilized culture tubes (10
ml per culture) using sterilized syringe. Shoots
obtained from Moris stock cultures were cultured
at density of two shoots per culture tube. After
two months of incubation under constant
temperature of 25 'C and 16 hours of light
provided by cool white fluorescent lamp, the
multiple shoots complex was picked out of the
culture tubes, placed over squared paper and
separated into individual shoots for counting the
shoots and measuring their length. The total
shoots per culture were divided by two (explants
density) to get the shoot formation per explant and
the sum of the shoots length divided by the total
shoots to get the average length of shoot. The
data were subjected to two ways analysis of
variance (hormones and concentration) and the
significance of the mean of the different
treatments were screened by Duncan Multiple
Range Test at p < 0.05 using SPSS statistical
package No. 11.

RESULTS

Analysis of variance showed significant
differences between hormone types (p < 0.000),
concentrations (p < 0.003) and significant
interaction between the two factors (p < 0.005).
Average overall concentrations showed that BAP
and NAA resulted in highest shoot formation (5.7
and 5.9 shoots) and KN in intermediate shoot
formation (4.6 shoots) and each of these
hormones resulted in shorter shoots (16 mm).

© 2017 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Explants treated with IAA produced the fewest
(3.8 shoots per explant) but longest (34 mm)
shoots (Table, 1). Of all combinations, the highest
shoot formation (9 shoots) was obtained in
medium enriched with NAA at 4.5 mg/l and the
lowest (2 shoots) was in medium enriched with
KN at 4.0 mg/l while the tallest shoots (56 mm)
was obtained in medium enriched with IAA at 2.5
mg/l and the shortest shoots (6 mm) in medium
enriched with KN at 4.0 mg/l. The shoot
formation of the BAP treated explants increased
as the BAP concentration increased up to 2.0 mg/1
and declined afterwards. None of the BAP
concentrations resulted in shoot formation less
than that of hormone free medium and only one
concentration was as effective as hormone free
medium (Table, 1).

BAP concentrations could be divided into five
different groups. The first and second groups
included only one concentration each (2.0 and 3.5
mg/l) and resulted in higher shoot formation (8
and 7 shoots respectively) than the other BAP
concentrations. The third group consisted of 3
(BAP at 1.0, 3.0 and 5 mg/l) and the fourth group
consisted of 4 (0.5, 2.5, 4.0 and 4.5 mg/l)
concentrations and each group resulted in
formation of 5 and 6 shoots per explant
respectively. The fifth group consisted of one
concentration (1.5 mg/l) and the shoot formation
was not different from that of hormone free
medium (4 shoots per explant). The shoot
formation of KN treated explants increased as the
KN concentrations increased up to 3.0 mg/l and
decreased afterwards. KN concentrations could be
divided into three groups. Five concentrations
(0.5, 1.0, 2.0, 2.5, and 3.5 mg/l) resulted in more
(5 to 7 shoots) shoots than hormone free medium.
Three concentrations of KN (1.5, 3.0 and 5.0
mg/l) was as effective as hormone free medium (4
shoots per explant) and two concentrations (4.0
and 4.5 mg/l) produced less shoots (2 and 3
shoots) than hormone free medium. Compared to
other KN concentrations, KN at 2.5 mg/l was the

best resulting in highest shoot formation (7
shoots) among the KN treated explants.

The shoot formation of NAA treated explants
increased as the NAA concentrations increased up
to 4.5 mg/l. In fact, the highest shoot formation of
all combinations of hormone and concentration (9
shoots) was obtained in medium enriched with
NAA at 4.5 mg/l. The NAA concentrations could
be divided into 6 groups. NAA at 3.5 and at 4.5
mg/l was the best resulting in 8 and 9 shoots
respectively. NAA at 4.0 and 5.0 mg/l resulted in
7 and NAA at 2.0 mg/l resulted in 6 shoots while
NAA at 0.5, 1.5 and 2.5 mg/l resulted in
formation of 5 shoots. NAA at 1.0 and 3.0 mg/l
each resulted in formation of 4 shoots and was not
different from hormone free medium. None of the
NAA concentrations resulted in shoot rate less
than hormone free medium and only 2
concentrations were as effective as hormone free
while 8 resulted in more shoots than hormone free
medium. The highest shoot formation of the [AA
treated explants not only did not exceed 5 shoots,
but also required application of highest IAA
concentrations (4.5 and 5.0 mg/l). The other
concentrations (0.5, 2.5, 3.0, 3.5 and 4.0 mg/I) and
(1.0, 1.5 and 2.0 mg/l) resulted respectively in
formation of less and equal shoots as that of
hormone free medium (3 and 4 shoots). On the
other hand, the tallest shoot (56 mm) of all
combinations was obtained in medium enriched
with [AA at 2.5 mg/l and the shortest (6 mm) was
obtained in medium enriched with KN at 4.0 mg/1
(Table, 1). All concentrations of BAP and all of
the NAA except at 3.0 mg/l and KN except 1.0
mg/l resulted in shoot shorter (two time less) than
hormone free medium. On the contrary, IAA at 4
concentrations (low and high) had no effect and at
the other 6 concentrations (intermediate)
promoted the shoot elongation. The shoot length
increased as the IAA concentration increased to a
peak of 56 mm long at 2.5 mg/l (two times the
shoot length in hormone free medium) and then
declined afterward.

© 2017 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (1). Effect of hormone types and concentrations on the in vitro proliferation and

growth of Moris pineapple in liquid full strength MS medium

Conc. (mg/l)

Hormones types

BAP KN NAA TIAA Average
Shoots per explants
0 4 cde 4 cde 4 cde 4 cde 4C
0.5 6 abcd 5 bede 5 bede 3de 4.75 ABC
1 5 bede 6 abcd 4 cde 4 cde 4.75 ABC
1.5 4 cde 4 cde 5 bede 4 cde 425C
2 8 ab 5 bede 6 abcd 4 cde 5.75 AB
2.5 6 abcd 7 abc 5 bede 3de 5.25 ABC
3 5 bede 4 cde 4 cde 3de 4C
3.5 7 abc 6 abcd 8 ab 3de 6A
4 6 abcd 2¢ 7 abc 3de 4.5BC
4.5 6 abcd 3de 9a 5 bede 5.75 AB
5 5 bede 4 cde 7 abc 5 bede 5.25 ABC
Average 5.7TA 46B 59A 38C
Shoot length (mm)
0 27 cdefgh 27 cdefgh 27 cdefgh 27 cdefgh 27 A
0.5 13 ghi 17 fghi 14 fghi 22 cdefghi 16.5CD
1 11 ghi 32 bedef 20 defghi 25 cdefgh 22 ABCD
1.5 17 fghi 23 cdefghi 17 fghi 35 bede 23 ABC
2 11 ghi 17 fghi 12 ghi 29 cdefg 17.2 BCD
2.5 14 fghi 10 hi 14 fghi 56 a 23.5 ABC
3 14 fghi 18 efghi 23 cdefghi 46 ab 25.25 AB
3.5 9 hi 12 ghi 11 ghi 29 cdefg 15.25CD
4 12 ghi 61 12 ghi 25 cdefgh 13.75D
4.5 11 ghi 9 hi 12 ghi 36 bed 17 BCD
5 18 efghi 11 ghi 14 fghi 39 be 20.5 ABCD
Average 143 B 16.5B 159B 335A

Data were means of 6 explants cultured at density of two explants on culture tubes containing 10 ml of liquid full strength M'S medium supplemented with
sucrose at 20 g/l and incubated for 60 days under constant temperature and 16 hours of light provided by cool white fluorescent lamps. Mean followed by
same letters were not significantly different according to Duncan Multiple Range Test at p < 0.05.

DISCUSSION

Indole acetic acid (IAA) is definitely out of
choice for in vitro shoot formation but was the
best of the tested hormones for shoot elongation
of Moris pineapple in stationary liquid full
strength MS medium (Table, 1). None of [AA
concentrations resulted in more shoots than in any
of the other three tested hormones (BAP, KN,
NAA). In addition, out of ten concentrations only
two of I[AA concentrations resulted in more
(promoted) while three in equal (no effect) and 5
in less shoot formation (inhibited) than hormone
free medium. The possibility that IAA may
promote in vitro shoot formation not only was

very low (20 %) but also high percentage (50%)
of the concentrations inhibited the process of
shoot formation. Any of the other hormones
(BAP, NAA and KN) could be claimed better than
the other for in vitro shoot formation of Moris
pineapple depending on how wide the range of
tested  concentrations was and  which
concentrations included in that range.

Comparing the three hormones each at equal
concentrations (Table, 1) showed that if the tested
concentrations were limited to two (1.0 and 2.5
mg/l), KN would be the best hormone while if
limited to three (0.5, 2.0 and 3.0 mg/l), BAP
would be the best hormone and if limited to five
(1.5, 3.5, 4.0, 4.5 and 5.0 mg/l), NAA would be

© 2017 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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the best. Limiting the comparison to each two of
the three hormones showed that BAP was better
than KN at seven, equal at one and less at two,
better than NAA at five and less at five
concentrations. Similar, NAA better than BAP at
five and less at five, better than KN at six, equal at
two and less at two. KN, on the other hand, was
better than BAP at two, equal at one and less at
seven and better than NAA at two, equal at two
and less at six concentrations. (Usman, et al.
2013; Zuraida, et al. 2011) reported that either
BAP or NAA could be better than the other for in
vitro multiplication of pineapple depending on
which concentrations was compared to. (Omokoio
et al. 2001) found that KN at 4 mg/l was better
than BAP while (Fitchet, 1990) reported that KN
at 2 mg/l was better than BAP and ZN for Smooth
cayenne. On the contrary, Table (1) showed that
KN at 4 mg/l resulted in the lowest rate (2 shoots)
and at 2.0 mg/l BAP was better than KN. (Aydieh
et al. 2000; Almeida et al. 2002; Fernando, 1986)
tested BAP for Queen, Perola and Mauritius
pineapple and recommended different concentrations
of BAP, 2.0, 1.5 and 1.0 mg/l respectively. This
study showed that BAP at 2.0 mg/l was the best
for Moris while at 1.5 mg/l had no effect and at
1.0 mg/l induced little effect on shoot formation.
The highest shoot formation (9 shoots) obtained
using NAA at 4.5 mg/l (Table,1). BAP at 2.0 mg/I
was the second best treatment with 8 shoots per
explant and would be favored over using NAA at
high concentrations (4.5 mg/l). IAA at 2.5 mg/l
resulted in the tallest shoots (56 mm).
(Firoozabady and Gutterson, 2003) suggested
two-stage system for in vitro multiplication of
Smooth cayenne pineapple. One for shoot
formation using BAP at 3.0 mg/l and the other for
shoot elongation using combination of BAP at 1.0
and GAj at 1.0 mg/l. According to this study two-
stage system would also be recommended for
Moris pineapple but using different hormones and
concentrations. BAP at 2.0 mg/l would be
recommended for shoot formation and TAA at 2.5
mg/l for shoot elongation. The contradicting
reports about which hormone type or
concentration was the best may be due to the
incorrect selection of the concentrations for
comparison of different hormones. It is well

known that hormone could induce three different
kinds of effect on organ growth (promote, inhibit
and no effect) depending on hormone
concentration and type of organ. Nevertheless, the
comparison of different hormones was usually
based on equal concentrations rather than the kind
of effect that concentrations could induce on the
growth. Out of ten, nine of BAP and eight of
NAA concentrations resulted in more shoots than
hormone free (promoted).

That is 90 % and 80 % of the used concentrations
of BAP and NAA promoted shoot formation
process. For KN, 5 concentrations resulted in
more (promoted), three in equal (no effect) and
two in less (inhibited) shoot formation than
hormone free. That means the chance of KN for
promoting shoot formation is only 50 % while 30
% had no effect and 20 % of KN inhibited the shoot
formation process. We called these concentrations
which resulted in more, equal and less shoots than
hormone free medium "promoting", "no effect" and
"inhibiting" concentrations respectively and divided
each concentration range of similar effect into most
and least promoting, and most and least inhibiting,
Most of the concentrations that make one hormone
better than the other are related to whether the so
called most promoting or inhibiting range of that
hormone were used. If the concentrations were
within the most promoting concentrations of one
hormone but within the least promoting or
inhibiting concentrations of the other, the
comparison from the beginning is in favor of one
over the other. For instance, at 5 concentrations
(0.5, 1.0, 2.0, 2.5 and 3.0 mg/l) BAP resulted in
more shoots than NAA while at the other 5
concentrations (3.5, 4.0, 4.5 and 5.0 mg/l) NAA
resulted in more shoots than BAP. That means the
possibility of which one of these two hormones is
better than the other is 50%. Similar, if the
comparison of KN and [AA were limited to two
concentrations (4.0 and 5.0 mg/l), IAA would be
better than KN. In other words, for wvalid
assessment of hormone suitability for in vitro
shoot formation, the promoting and inhibiting
concentration range of each hormone should be
first determined and the comparison limited to the

© 2017 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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most promoting concentration range of each
hormone.

The results (Table, 1) showed also that there are
some cases in which different hormones could
result in equal shoot formation at different and at
equal concentrations, and different concentrations
of the same hormone could result in equal rate.
This indicated that the process of shoot formation
could be run using different alternatives. That is
the increase in concentration of one hormone and
the decrease in concentration of other could
compensate for lower or higher shoot formation
obtained when equal concentration of the different
hormones were used.

Obtaining of equal rate of shoot formation at
equal concentration of different hormones did not
mean that the different hormones have equal
effect. Instead, one of the medium components
have reacted differently with different hormones
in such way that lowered the effect of one
hormone and increased the effect of the other to
the point that the two hormones resulted in equal
shoot formation. According to this study we
suggested that the range of concentration used for
testing hormone effectiveness for in vitro
multiplication ~ should be more than six
concentrations. If fewer concentrations were used, it
is very likely that the best concentration might be left
out of comparison. In addition, for comparison of
hormones, the range of promoting, inhibiting and
those with no effect should first be determined and
then the comparison is limited to concentration
ranges of similar effect. However, elucidation of the
hormone role could not be made unless
concentrations which induced equal and those
which induced contrading effect were first
identified. Selection of equal concentrations of
different hormones that induced promoting effect
of one hormone but inhibiting effect of other and
different concentrations of same hormone that
induced equal effect and testing of their effect in
medium of different pH adjustments, medium
strength, volume and type accompanied with
histological and biochemical analysis would be
usefull for elucidation the mechanism of hormone
effect.
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Abstract: Cyclosporine A (CsA) is the most widely used immunosuppressive drug for
preventing graft rejection and autoimmune disease. However, the therapeutic treatment induces
several side effects such as nephrotoxicity, cardiotoxicity and hepatotoxicity. This study aimed to
assess the protective role of lipoic acid (LA) on kidney toxicity of male albino rats induced by
cyclosporine (CsA). Forty adult male rats were allocated into four groups: Group (I) served as a
control group. Group (I); received treatments orally with CsA (25 mg/kg b.w.), daily for 3
weeks. Group III: (Recovery CsA group): treated orally with CsA (25 mg/kg b.w.), daily for 3
weeks, then recovered for another 3 weeks. Group IV (LA and CsA group): received LA (100
mg/kg b. w.) orally 1 h before treatment by CsA (25 mg/kg b. w.) daily for 3 weeks. The results
indicated that treatment of CsA caused a significant elevation in the concentrations of serum
urea, creatinine, and uric acid which indicate injury to the kidney function. Renal
malondialdehyde (MDA) concentration was markedly increased reflecting increased lipid
peroxidation, whereas, reduced glutathione (GSH) and superoxide dismutase (SOD) were
significantly decreased. On the other hand, LA plus CsA dose-dependently inhibited activities of
serum urea, creatinine, and uric acid. The administration of LA plus CsA exhibited significant
reduction in lipid peroxidation while GSH content and SOD activity were enhanced significantly
which reflect an improvement in renal toxicity. In conclusion, the results indicated a negative
role of CsA on kidney function and oxidative stress in induction toxicity, suggested Thus, Lipoic
acid play a positive role on toxicity of kidney induced by cyclosporine A.

Key Words: Lipoic acid, cyclosporine A, oxidative stress, renal toxicity.

INTRODUCTION

As a highly potent immunosuppressive drug,
cyclosporine (CsA) remains largely used for the
prevention of acute rejection in solid organ
transplantation, and for the treatment of various auto-
immune diseases. However, CsA can lead to a
chronic form of renal damage characterized by a
progressive and irreversible deterioration of renal
function associated with interstitial fibrosis, tubular
atrophy, arteriolar hyalinosis and glomerulosclerosis
(Nankivell et al., 2004, Chapman and Nankivell
2006).

Alpha-lipoic acid (LA), or 1,2-dithiolane-3-pentanoic
acid, is a naturally occurring dithiol compound

synthesized enzymatically in the mitochondrion from
octanoic acid. LA is a necessary cofactor for
mitochondrial a-ketoacid dehydrogenases, and thus
serves a critical role in mitochondrial energy
metabolism. In addition to synthesis, LA is also
absorbed intact from dietary sources, and it
transiently accumulates in many tissues. There is
growing evidence that orally supplied LA may not be
used as a metabolic cofactor but instead, elicits a
unique set of biochemical activities with potential
pharmacotherapeutic value against a host of
pathophysiologic insults. LA has a potent
antioxidant, a detoxification agent and improve age-
associated cardiovascular, cognitive, and
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neuromuscular deficits (Scott et al., 1994, Smith et
al., 2004, Koh et al., 2005). This impressive array of
cellular and molecular functions has piqued
considerable interest among the lay public and the
research community for the use of LA both as a
nutritive supplement and as a pharmacotherapy. In
light of this growing interest, we will attempt to
provide an update on the biochemical, toxicological,
and pharmacological mechanisms of LA. As many
excellent reviews already exist that outline the
metabolic role of LA as a covalently bound enzyme
cofactor, only a brief summary of this particular
aspect of LA function will be presented herein.
Instead, a focus mainly on the cellular actions of
orally supplied, nonprotein-bound LA will be
presented. Pertinent clinical benefits of LA will also

be discussed in light of this molecular
mechanism(Liu et al, 2002, Shay et al,
2009).Therefore, this study investigated the

modulating and antioxidant activity of lipoic acid on
renal toxicity induced by cyclosporine A in male
albino rats.

MATERIALS AND METHODS

Chemicals

Cyclosporine A (CsA) is presented in the form of
ampoules under traditional name Sandimmune and
provided by Novartis Pharma (Basel, Switzerland). It
is presented as a clear, yellow liquid supplied in 1ml
ampoules containing 50 mg/ml and was further
diluted with olive oil. Alpha-Lipoic acid (LA) was
purchased in the form of a yellow powder from
Sigma chemical company (St Louis, Missouri, USA)
and was suspended in sterile normal saline, before
use.

Experimental animals

Male Wistar albino rats, each weighing 180 + 20 g,
were obtained from an animal house in Medical
Research Center (MRC), Faculty of Medicine, Ain
Shams University. The animals were acclimatized to
the laboratory conditions for a period of 14 days.
They were maintained at an ambient temperature of
25+3°C, 50+ 20% relative humidity and 12/12 h of
light—dark cycle and were given a standard rat feed
and water ad libitum. All experimental procedures
were conducted according to the ethical standards

approved by the Institutional Animal Ethics
Committee guidelines for animal care and use, Ain
Shams University, Cairo, Egypt.

Experimental protocol

The rats were randomly divided into four groups,
each of eight rats as follows:

Group I (Control): received saline (2 ml’kg b. w.)
and olive oil (2 ml/kg b. w.) orally for 21 days.

Group II (CsA-treated group): was treated orally by
gastric gavage with CsA (25 mg/kg b.w.), daily for
21 days.

Group III (Recovery CsA-treated group): was treated
orally by gastric gavage with CsA (25 mg/kg b.w.),
daily for 21 days and recover for another 21 days.
Group IV (LA and CsA-treated group): received LA
(100 mg/kg b. w.) orally (Jalali-Nadoushan and
Roghani 2013) , 1 h before treatment by CsA (25
mg/kg b. w.) daily and concurrently for 21 days.

At the end of the experimental period, the animal
groups were sacrificed after 24 hrs. of the last dose of
different administrations and their blood were
collected, by carotid bleeding, in centrifuge tubes and
serum was obtained from the blood after
centrifugation at 3000 rpm for 10 min. The kidney
tissue was immediately excised, cleaned of adhering
connective tissue, rinsed in physiological saline,
weighed and stored at -20°C until analysis studies.

Methods of analysis

Serum urea, creatinine and uric acid were estimated
by using the method of (Fawcett and Scott 1960,
Seeling and Wust 1969, Barham and Trinder 1972,
Scott et al., 1994) respectively. Renal glutathione
(GSH) was spectrophotometrically assayed by the
method of (Sedlak and Lindsay 1968). The activity of
renal SOD was determined by assessing the
inhibition of pyrogallol autoxidation (Marklund
1985). Malondialdehyde (MDA) was determined in
kidney by using the method of (Uchiyama and
Mihara 1978).

Statistical analysis

Statistical analyses of the resulted data were done
using InStat version 2.0 (Graph Pad, IS],
Philadelphia, PA, USA, 1993) computer software.
The results were expressed as means +SE). Multiple
comparisons were done using one-way ANOVA
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followed by Tukey-Kramer as a post-ANOVA test.
Statistical significance was accepted at P< 0.001, P<
0.01, P<0.05.

RESULTS

CsA administration caused a significant increase in
serum urea, creatinine and uric acid concentrations
(P<0.001) in the CsA treated groups compared to the
control group 1. These concentrations tended to be
highly significant compared to the values of the
control group I (Table 1).

Table (1): The effect of LA on CsA - induced changes on
serum urea, creatinine and uric acid concentrations.

Parameters

Groups Urea creatinine Uric acid

mg/dl mg/dl mg/dl
G I (Control) 15.81£0.22 0.73+0.020 5.57+0.025
GII: (CsA)  44.45+0.43a° 1.90£0.02a** 8.45 +£0.04a**
GIIL 337640291 15140035 &0 00
(Recov.) ab** ab**
GIV 21.47 +0.153 0.87 +0.015 ;ﬁiio'w
(LA &CsA) ab** ab**

Data are expressed as means + S.E. (n = 6 in each group).

a: Significant change at p< 0.05 with respect to control group
L

b: Significant change at p< 0.05 with respect to group II.
*Highly significant change at p < 0.01. **Very highly
significant change at p < 0.001.N.S: Non-significant change.

The present data showed a significant elevation in the
level of renal MDA (P<0.001), while a significant
reduction in renal GSH and SOD activity (P<0.001)
was observed in CsA treated group compared to the
control group I (Table 2).On the other hand,
treatment with LA plus CsA caused a highly
significant decrease in serum urea, creatinine and uric
acid concentrations (P<0.001) in the LA plus CsA
treated group IV compared to the CsA group II
(Table 1).Renal MDA was restored significantly
(P<0.001), also renal GSH content and SOD activity
were attenuated in the LA plus CsA treated group IV
as compared to the CsA group II (Table 2).

Table (2): The effect of LA on CsA — induced changes on
renal GSH, SOD and MDA levels.

Parameters
Groups Renal
MDA GSH
U/g wet U/g wet SOD.
. . U/g wet tissue
tissue tissue
GI 30.34 + 2845+
ontro X . 31+ 0083
(C 1) 0.071 0.115 8131
GIL 56.20 + 56.14 + 63.28+0.057
(CsA) 0.049a%** 0.044a** ar*
GIII: 3032+ 81.38+
(Recov.) 0062  BAE003 5059
GIV(LA  3828= 36032 = 40,20 0,049
and CsA)  0.058 ab** aB** ab**

Data are expressed as means + S.E. (n =6 in each group).

a: Significant change at p< 0.05 with respect to control group L.
b: Significant change at p< 0.05 with respect to group 1L
*Highly significant change at p <0.01.

**Very highly significant change at p <0.001.

N.S: Non-significant change.

DISCUSSION

Deciphering new biological pathways that contribute
to CsA renal toxicity is of great importance because
they may lead to the development of -early
biomarkers of kidney injury. A significant elevation
In serum urea, uric acid and creatinine concentrations
were observed in CsA treated rats as compared with
control (group I). These results are in agreement
with(Tirkey et al., 2005) who showed that chronic
administration of CsA caused a marked impairment
of renal function along with significant oxidative
stress in the kidneys. Oxidative stress promote the
formation of a variety of vasoactive mediators that
can affect on renal function directly by causing renal
vasoconstriction or decreasing the glomerular
capillary ultrafiltration coefficient and thus reducing
glomerular filtration rate (Garcia-Cohen et al., 2000,
Burdmann et al., 2003). CsA inhibits mitochondrial
mediated apoptosis but also induces mitochondrial
apoptotic cell death in the kidney (Pallet et al., 2008)
caused ischemia induced up-regulation of endothelin
receptors, support the potential for an important role
for up-regulation of endothelin receptors in
pathophysiologic mechanisms of CsA-induced
glomerular dysfunction(Fogo et al., 1992).In this
study, CsA treated rats (group II) showed a
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significant increase in the levels of renal MDA with
excess production of hydrogen peroxide in living
cells, accompanied with a significant decrease in
GSH and SOD that leads to decline in the activity of
the antioxidant enzymes depletion of both the GSH
and protein thiols. Similar biochemical changes were
previously reported in other studies(Khan et al., 2006,
Ajala et al., 2008) which then give rise to increased
hydroxyl radical formation. The effects of reactive
oxygen species (ROS) on cellular and extracellular
components of organisms have been investigated
extensively in recent years. CsA promotes the
formation of reactive oxygen species (ROS) such as
hydrogen peroxides. These ROS enhance the
peroxides and reactive hydroxyl radicals. These lipid
peroxides and hydroxyl radical may cause cell
membrane damage and thus destroy the cell. It also
inhibits the activities of free radical quenching
enzymes such as catalase, superoxide dismutase and
glutathione peroxidase. The role of CsA in ROS
production was observed in the present study by
increased amount of renal and hepatic lipid peroxides
(LPO). The intracellular generation of hydrogen
peroxides (H202) could be involved in the initiation
of CsA toxicity in rats, caused cell membrane
damage like lipid peroxidation which leads to the
imbalance between synthesis and degradation of
enzyme protein.

The excess production of ROS may be due to its
ability to produce alteration in mitochondria by
blocking the permeability transition pore .Reactive
oxygen metabolites are generated by specialized
phagocytic cells (neutrophils) as cytotoxic agents to
fight invading micro-organism, a process known as
the respiratory or oxidative burst. Therefore,
phagocytes use the membrane bound NADPH
oxidase complex which catalyzes one electron,
reduction of O2 into O-2. The ROMs are generated
in a biological system via several enzymatic and non-
enzymatic pathways(Morel et al., 1991, Agar et al.,
2011).0n the other hand, the present results
illustrated that the antioxidant LA administration had
an ameliorating effect on the changes of the
biochemical parameters associated with CsA
challenge. This effect was indicated by improvement
of serum wurea, wuric acid and creatinine
concentrations. These results are in agreement with

(Sivaprasad et al, 2004) who found that
administration of LA one hour after CsA offered
marked protection against nephrotoxicity. This
protection was manifested as a significant reduction
i serum levels of urea, uric acid, creatinine and
amelioration of apoptotic markers (Forbes et al.,
2008) Voltage-dependent anion channels (VDAC),
known as mitochondrial porins, are membrane
proteins encoded by nuclear gene and synthesized in
ribosome.

VDAC plays crucial roles in the physiological and
pathologic processes, including energy metabolism
and cell apoptosis. VDAC was actually more
sensitive to oxidative stress-induced cell death (Wang
et al., 2013). In addition, free radical scavengers may
also be helpful in prolonging survival time of
dopaminergic neurons (Chen and Le 2006). In this
respect, LA could attenuate neuronal damage and
loss through counteracting oxidative stress, possibly
via regulating antioxidant defense system as well as
inhibition of free radical generation(Connell and
Saleh 2012). LA and its reduced form dihydrolipoic
acid are present in all prokaryotic and eukaryotic
cells and considered a vitamin, and can be
synthesized in human cells. LA is involved in the
regulation of carbohydrate and lipid metabolism in
converting blood glucose into energy(Malinska and
Winiarska 2005), improving glycemic control.In the
present study, administration of LA prior to CsA
treatment markedly ameliorated LPO in the rat
kidney as manifested by decreased MDA level
accompanied by increased GSH content and SOD
activity. In agreement with the present findings,
(Wollin and Jones 2003) mentioned that LA is a
naturally occurring cofactor within pyruvate
dehydrogenase and o-keto-glutarate dehydrogenase.
Also, Free LA has the ability to scavenge superoxide,
hydrogen peroxide, hydroxyl radicals, and
peroxynitrite, and can also recycle glutathione
(GSH), a-tocopherol and ascorbic acid. In vitro, a-
lipoic acid decreased plasma susceptibility to
oxidation(Marangon et al, 1999), and were
protective against haemolysis of human erythrocytes
induced by peroxyl radicals (Constantinescu et al.,
1994) and increased GSH synthesis in isolated
human erythrocytes (Han et al., 1997). Also, a-lipoic
acid attenuated superoxide generation and kidney
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expression of NADPH oxidase in diabetic rats, and it
was concluded that o-lipoic acid improves pathology
in diabetes by reducing oxidative stress (Lexis et al.,
2006). Thus, LA has been shown to reduce oxidative
stress both in vivo and in vitro studies. Reduction of
renal GSH, SOD activity in CsA-treated rats was
observed in this study, which was similar to the
previous studies (Mohamadin et al., 2005). LA has
proved to possess lipid lowering, anti-lipo
peroxidative and antioxidant properties (Amudha et
al., 2006).

It has been demonstrated to play an important role in

regulating antioxidative capacity by increasing SOD,
GSH and catalase activities by upregulating the gene
expression of SOD, GSH and catalase (Hagar et al.,
2006). Reduced glutathione together with GPx
is important in maintaining the structure of
mitochondrial and cell membranes. In addition,
(Huong and Ide 2008) reported that a-lipoic acid
reduced the activities and mRNA levels of various
lipogenic enzymes together with the mRNA levels of
various proteins. As that Alpha-lipoic acid (o-LA), a
naturally occurring dithiol compound, has long been
known as an essential cofactor for mitochondrial
bioenergetic enzymes. As an antioxidant, o-LA
directly terminates free radicals, chelates transition
metal ions, increases cytosolic glutathione, vitamin
C, E levels and prevents toxicities associated with
their loss (Singh and Jialal 2008).In conclusion, LA is
a main active component for immuno-modulating
and antioxidant activities, differ greatly in the
chemical composition and physical properties, show
the same basic multivitamins and protect the immune
cells from oxidative damage. Thus, LA has a
potential protective effect against CsA toxicity and is
improving the renal function by decreasing the
kidney tissue damage of CsA-induced nephrotoxicity
in rats.
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Abstract: The effect of medium states (solid, semi solid and liquid) of full strength MS medium
enriched with 6-benzylaminopurine (BAP) at 2.0 mg/l on in vitro shoots formation and shoot
length of Moris pineapple were tested at 16 combinations of sucrose (10, 20, 30 and 40 g/1) and
pH (5.0, 5.7, 6.0 and 6.5). The highest shoot formations (7 shoots/ explant) were obtained in
liquid and solid media each adjusted to pH 5.0 but enriched with different sucrose
concentrations, sucrose at 20 g/ for liquid and at 30 g/l for solid medium. Increasing the medium
sucrose to 40 g/l or adjusting the medium to pH 6.0 caused 50 % decline in the shoot formation
capacity in both medium states. However, while that decline could be reversed in liquid medium
by adjusting the pH to 6.5, such pH adjustment failed to overcome the inhibitory effect of the
sucrose at 40 g/l in the solid medium. Out of 16 combinations of sucrose and pH, liquid medium
(no agar added) was better than solid (7.0 grams of agar /1) and semi solid (3.5 grams of agar /1)
at 8 combinations, equal to solid at 4 and to semi solid at 5 combinations and less than solid at 3
and than semi solid at 2 combinations. Adopting of the commonly used combination of sucrose
at 30 g/l and pH 5.7 not only did not fit all medium states but also resulted in lower shoot
formation (4 shoots) than the possibly obtainable (7 shoots). Simple modification of the medium
pH (pH 5.0 instead of 5.7) doubled the rate of shoot formation.

Key words: Sucrose concentration, pH; Pineapple, Ananas comosus, Media states.

INTRODUCTION medium for in vitro multiplication of

pineapple. However, these comparisons were

Solid MS medium was recommended by
several researchers for pineapple in vitro
culture and proven to have high potential for
production of thousands of propagules
(Sripaoraya et al., 2003, Hamad and Taha
2008, Pérez et al., 2009). At the same time,
pineapple shoot on semi liquid(Akin-Idowu et
al., 2014), static (Almeida et al., 2002, Pérez
et al, 2012) and agitated liquid cultures
(Soneji et al, 2002a), filter paper bridge
(Mathews and Rangan 1979, Fernando 1986)
and temporary immersion system (Escalona et
al., 1999, Firoozabady and Gutterson 2003)
were found to be much better than solid

made at fixed sucrose (30 g/l) and pH (5.7) in
both medium states. For multiplication on
solid MT medium, (Fitchet 1990) adjusted the
pH to 5.0 while (Teixeira et al., 2006) used
pH 6.5 during multiplication in liquid MS
medium. At fixed sucrose(20 g/1), comparison of
different pH adjustments during multiplication
stage showed that liquid was better than solid
medium and adjusting to pH 5.0 was better
than adjusting to pH 5.7, 6.0 and 6.5 (Hamad,
2017a). Sucrose at 20 (Soneji ef al., 2002b, a)
Smith, et al, 2002,), 35(Kofi and Adachi
1993) and 40 g/l (Almeida, etal, 1997) were
used for establishment and multiplication.
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(Sripaoraya et al.,, 2003) used sucrose at 50
g/l during establishment but decreased the
sucrose to 30 g/l during multiplication stage.
Comparisons of sucrose effect on pineapple
culture were made at range of 10, 20, 30 and
40 g/l for shoot formation (Hamad, 2017b),
callus induction (Benega, et al., 1997) and at
range of 0.0, 30, 60, 90 and 120 g/l for total
fresh weight per bioreactor(Pérez et al.,
2004). Highest shoot formation and highest
fresh weight were obtained at 30 g/l while
either sucrose levels were equally effective
for callus induction. Since sucrose is an
indispensable component and both of sucrose
and agar comprise the largest part of the
medium components, determination of
optimum level is not only important for in
vitro shoot formation and growth but also as a
cost factor. Application of extra amount
above that required for the optimal shoot
formation is just an avoidable added cost. The
objective of this study is to compare the effect
of combinations of four concentrations of
sucrose (10, 20, 30 and 40 g/l) and four pH
adjustments (5.0, 5.7, 6.0 and 6.5) on shoot
formation and growth of Moris pineapple on
three states (solid, semi solid and liquid) of
full strength MS medium enriched with BAP
at 2.0 g/l.

MATERIALS AND METHODS

Full strength MS medium were prepared from
stock solutions and enriched with BAP at 2.0
mg/l. The medium was divided into 4 beakers
(750 ml each) marked A, B, C and D and 7.5,
15.0, 22.5 and 30.0 grams of sucrose were added
to each beaker respectively to give a sucrose
enrichment of 10, 20, 30 and 40 g/l. The content
of each beaker was divided into another 4 beakers
marked with same marks (A, B, C and D) plus
numbers from 1 to 4 and the medium pH of the
beakers marked with 1, 2, 3 and 4 was adjusted to
pH 5.0, 5.7, 6.0 and 6.5 respectively. The content
of each beaker of the same sucrose and pH
combination was divided into 9 glass jars (20 x 5
cm) and each three jars marked with the same
marks on the beaker plus S, E and L. Agar at 0.14

and 0.7 grams was respectively added to each jar
marked with S and E letter to give medium
solidification of 7.0 and 3.5 g/l and no agar was
added to jars with L letter. The jars were closed
by autoclavable plastic lids and the medium was
autoclaved at 121 °C and 1.5 kg / cm?® for 25
minutes and kept in a culture room. One shoot
from Moris stock cultures was cultured per each
jar under laminar cabinet and the cultures were
incubated under constant temperature of 25 °C and
16 hours of light provided by cool white fluorescent
lamps. After two months of incubation, the multiple
shoot buds complex of each culture were picked
out of the jars and separated into individual shoots
for counting the shoots and measuring their
length. Each jar was considered as a replicate and
the data were subjected to ANOVA analysis and
means separation by Duncan Multiple Range Test
at p < 0.05 using SPSS statistical package No. 11.

RESULTS

Analysis of variance (Table, 1) showed that the
shoot formation and the shoot length were under
direct effect of medium states (p < 0.0166 and p <
0.0001 respectively) and sucrose concentrations
(p < 0.0002 and < 0.00003 respectively). The
sucrose effect on shoot formation and shoot length
was influenced by a significant interaction with
pH (p < 0.0039 and < 0.00001). On the contrary,
the medium states effect on shoot formation was
independent of pH (p < 0.3936) and sucrose (p <
0.0764) while the medium state effect on shoot
length was influenced by the medium sucrose
content (p < 0.0141) but independent of pH (p <
0.0764). Medium pH on the other hand had no
direct independent effect on both of shoot
formation (p 0.3031) and shoot length (p <
0.7794), but influenced both of shoot formation (p
< 0.0039) and shoot length (p < 0.00001) via
interaction with sucrose content of the medium.
Furthermore, the three factors together showed no
significant  collective interaction on shoot
formation (p < 0.1520) and shoot length (p <
0.2460). The highest shoot formation (7 shoots)
were obtained in liquid medium enriched with
sucrose at 20 g/l and also in solid medium
enriched with sucrose at 30 g/l both adjusted to
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pH 5.0. The lowest shoot formation (3 shoots per
explant) as well as equal shoot formation (6, 5 and
4 shoots) was also obtained in liquid and solid
medium, but at different combinations of sucrose
and pH (Table, 2). At fixed pH of 5.0, equal shoot
formation (3 shoots) were obtained in both solid
and liquid media enriched with sucrose at 10 and
40 g/l while in media enriched with sucrose at 20
g/, liquid produced more shoots (7 shoots) than
solid (5 shoots) medium. In media enriched with
sucrose at 30 g/l, solid on the contrary produced
more shoots (7 shoots) than liquid (5 shoots). At
fixed pH of 5.7, solid medium enriched with
sucrose at 10 and 40 g/l produced more shoots (4
and 5 shoots) than liquid medium (3 and 4 shoots)
while in media enriched with sucrose at 20 and 30
g/1, liquid medium on the contrary produced more
(6 and 5 shoots respectively) shoots than solid
medium (3 and 4 shoots). At fixed pH of 6.0,
equal shoot formation (4 shoots)were obtained in
solid and liquid media enriched with sucrose at 10
and 20 g/l (low sucrose enrichment) while in
media enriched with sucrose at 30 and 40 g/ (high
enrichment) liquid medium produced more (6 and
6 shoots) shoots than solid medium (5 and 3
shoots). At pH 6.5, liquid medium enriched with
sucrose at 20, 30 and 40 g/l produced more (6, 5
and 6 shoots respectively) shoots than solid
medium (3, 4 and 3 shoots) and in media enriched
with sucrose at 10 g/l equal shoot formation (4
shoots) were obtained in both medium states.

Table (1). Main and interaction effect of medium states,
sucrose and pH on in vitro shoot formation and shoot length
of Moris pineapple

Factors Df Parameters
Shoot/ Shoot
explant. length(mm)
p values
Medium states 2 0.0166 * 0.0001 **
Sucrose 3 0.0002 ** 3.9E-08 **
pH 3 0.3031 0.7994
States*Sucrose 6 0.0764 0.0141 *
States*pH 6 0.3935 0.6044
Sucrose*pH 9 0.0039 ** 1.0E-05 **
States*Sucrose*pH 18  0.1520 0.2460
Error 96
Total 144

DISCUSSION

Previous studies of pineapple tissue -culture
concluded that using of semi liquid(Akin-Idowu
et al., 2014), static liquid(Almeida et al., 2002,
Pérez et al., 2012), agitated liquid cultures (Soneji
et al., 2002a) and filter paper bridge (Mathews
and Rangan 1979, Fernando 1986) resulted in
higher shoot formation than solid medium. This
study demonstrated that superiority of the medium
state depended on the sucrose enrichments

Table (2). Effect of medium states, sucrose and pH on in
vitro shoot formation of Moris pineapple

Medium states

Sucrose
@) pH Solid Semi Liquid
Shoots per explant

10 5.0 3c 3¢ 3¢
5.5 4 be 3¢ 3¢
6.0 4 be 3¢ 4 be
6.5 4 be 4be 4 be

20 5.0 6 ab 5 abe 7a
5.5 3¢ 3¢ 6 ab
6.0 4 be 4 bc 4 be
6.5 3¢ 4 bc 6 ab

30 5.0 7a 5 abc 5 abc
5.5 4 be 4 be 5 abc
6.0 5 abc 4 be 6 ab
6.5 4 be 4 be 5 abc

40 5.0 3¢ 5 abc 3¢
5.5 5 abc 6 ab 4 be
6.5 3¢ 3¢ 6 ab
6.0 3c 3¢ 4 be

Data were means of 3 explants cultured on full strength MS medium
enriched with BAP at 2.0 mg/I and incubated for 60 days

Means of the same parameters (shoot per explant and shoot length)
followed by the same letter were not significantly different at p < 0.05

according to Duncan Multiple Range Test.

and pH adjustments and the solid medium had a
very critical requirement of narrow range while
liquid medium had a wider range of sucrose-pH
combinations (Table, 2). The highest shoot
formation (7 shoots) was obtained in solid as well
as in liquid medium enriched with sucrose at 30
and 20 g/l respectively and adjusted to pH 5.0.
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The lowest shoot formations (3 shoots) was
obtained also in liquid and solid medium enriched
with sucrose at 10 and 40 g/l and adjusted to pH
5.0. In both of solid and liquid medium the soot
formation ranged from a minimum of 3 to a
maximum of 7 shoots. Furthermore, in 8 out of 16
combinations of sucrose and pH, liquid medium
resulted in more shoots than both solid and semi
solid media (50 % of the cases).

At other 5 combinations (31 %), the shoot
formation in liquid was equal to that in solid and
at other 3 combinations (19 %) was less than that
of solid. At 5 combinations (31 %), the shoot
formation in liquid medium was equal and at 2
combinations (13 %) was less than that in semi
solid medium. Solid medium was better than
liquid in 3 combinations (19 %) and than semi
solid at 5 combinations (31 %) and less than semi
solid at 3 (19 %) of the sucrose-pH combinations.
Hence, any of the medium states could be
claimed better than the other depending on which
sucrose-pH combination was used. However,
being only 25 % of the sucrose-pH combinations
(4 of 16) in solid and semi solid media resulted in
more than 5 shoots (71 % of the possibly
obtainable shoots (7 shoots) while 50 % of the
combinations (8 of 16) in liquid medium resulted
in more than 5 shoots (71 % of the possibly
obtainable shoots (7 shoots) indicated that
selection of proper sucrose and pH is critical and
very specific in solid than in liquid medium.
Generally, liquid state with low sucrose
enrichment would be favored for low cost. This
study demonstrated that sucrose at 30 g/l and pH
at 5.7, which i1s the most common used
combination for in vitro culture, is not proper for
Moris pineapple. Table 2 showed that in solid
medium keeping sucrose at 30 g/l and decreasing
the pH to 5.0 and lowering both (sucrose to 20 g/l
and pH to 5.0) resulted in 100 % increase in shoot
formation. Similar, in liquid medium keeping the
sucrose at 30 g/l and increasing the pH to 6.0,
keeping pH at 5.7 and decreasing sucrose to 20
g/l, increasing both (the sucrose to 40 g/l and pH
to 6.5) and lowering both (sucrose to 20 g/l and
pH to 5.0) resulted in 17 to 20 % increase in
shoot formation. Using solid medium adjusted to

pH 5.7, Hamad (2017b) found that proper sucrose
concentration varied among different pineapple
cultivars. (Sucrose at 30 g/l for Moris and at 20
g/l for Smooth cayenne). However, at fixed
sucrose enrichment (20 g/I), Moris cultured in
liquid medium adjusted to pH 5.0 produced more
shoots than in solid medium (Hamad, 2017a). It is
important to point out that pH adjustment was a
simple none cost item and generally ignored
factor that could doubled or drastically reduce the
shoot formation (Table, 2).

Liquid medium enriched with sucrose at 10 g/l
and adjusted to pH 5.0 resulted in low shoot
formation but the rate increased when medium pH
increased while when enriched with sucrose at 20
g/l resulted in higher shoot formation but the rate
decreased when the medium pH increased. If this
trend of response to pH adjustments is persisted,
using of pH range higher than 6.5 in medium
enriched with sucrose at 10 g/l and pH range
lower than 5.0 in medium enriched with sucrose at
20 g/l may improve the shoot formation and is
suggested for future testing. The different rate of
shoot formation at different combinations of
sucrose enrichment and pH adjustment in same
medium state and to the same combination in
different medium states indicated that adopting of
one single sucrose-pH treatment as it is commonly
done could not lead to a valid comparison of
medium states and investigation of the physiology
of shoot formation. In fact, one fixed combination
of sucrose and pH could drastically reduce the
shoot formation in one medium state while
doubling the shoot formation in the other one
(Table, 2). Medium states, sucrose contents and
pH adjustments played important role in the
process of shoot formation. However, that role is
not clearly understood yet.

It is generally assumed that the promotion effect
of liquid medium is due to the accessibility of
medium component to the explants. Liquid state
was in general better than solid and sucrose at 40
g/l inhibited the shoot formation (Table, 2).
However, the superiority of liquid state and the
inhibition of high sucrose content could be
blocked and even reversed by pH adjustment.
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Liquid medium enriched with sucrose at 20 g/I at
all pH except 6.0 and with sucrose at 30 g/l at all
pH except pH 5.0 resulted in more shoots than
solid medium. Adjusting the medium enriched
with sucrose at 20 g/l to pH 6.0 blocked the
promotion effect of liquid medium (equal shoots
obtained in both medium states) while adjusting
the medium enriched with 30 g/l to pH 5.0
reversed the situation and solid promoted more
shoots than liquid (Table, 2). That is the pH and
sucrose affected the ability of liquid state to
promote shoot formation. If the superiority of
liquid medium was due to nutrient accessibility,
the statistical analysis (Table, 1) should have
shown that the medium states had significant
interaction with the other factors that reverse the
state superiority. Table 1 showed that medium
states affect was independent of the sucrose
concentrations and pH adjustments. Neither the
interaction of medium states with pH and with
sucrose each alone nor the collective interaction
of the three factors together was significant while
a significant interaction was detected between
sucrose and pH.

This indicated that the shoot formation was
controlled by the interaction of pH and sucrose
more than the medium state. The interaction of
sucrose and pH presumably resulted in either fast
or slow uptake of sucrose or formation of
complex that could either promote or inhibit the
shoot formation depending on how much sucrose
the medium contained and to what pH was
adjusted rather than the types of medium state. In
conclusion, this study demonstrated that in vitro
shoot formation is controlled by the sucrose and
pH of the medium more than the medium state.
The medium pH adjustment which is none cost
item and generally ignored factor is essential for
obtaining a substantial increase in shoot formation.
The contradicting responses to different sucrose-pH
combinations in same and different medium states
could help in the selection of specific combinations
of sucrose concentrations and pH adjustments that
would be proper for investigation of the physiology
of in vitro shoot formation, elucidation of pH and
sucrose roles and developing of medium for
optimum shoot formation and elongation.
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Abstract: Optimization of sludge composting has been analysed by co-composting of sewage
sludge with food waste by using a bin composter with regular aeration. Two bin composting
experiments were set up to study the effect of different mixing ratios of food waste from the wet
market to sewage sludge from Al Hadhbah waste water treatment plant which is located in
Tripoli on some physical and chemical characteristics of the resulted compost. The selected
ratios were 1:2 (A) and 1:3 (B) of food waste to sewage sludge respectively. Composting was
conducted for 100 days and the sampling from the mixtures was performed each five days.
Temperature (T), pH, electrical conductivity (EC), total organic carbon contents (TOC %) and
total nitrogen contents (TN %) were monitored during the composting. The ratio of C/N,
inorganic residual material (ash content) and nutrient changes as represented by potassium (K %)
and phosphorus (P %) contents was also determined. The compost produced in this study has a
favorable ratio of C/N (13.43 for compost A and 14. 32 for compost B). With significant amount
of nutrients (TN %, K%, P%) The results of analysis of variance (ANOVA) revealed a
significant effect of elapsed composting time (at the probability level of 0.05) on T, pH, TOC%,
K% and P%. The effect of composting ratio was insignificant (at the probability level of 0.05) on
T, TOC %, TN %, C/N and P%. The multiple comparison results using Tukey’s test showed
significance difference between the mean values of EC and K% among the composting ratio at
the confidence level of 95%. Generally, the compost ratio of 1:2 was found to be the most
suitable for use as organic fertilizer.

Key words: a bin composter, food waste, sewage sludge, fertilizer.

INTRODUCTION

To date, human all over the world have been
generating more and more waste at a steadily
increasing rate. In most parts of the world, solid
wastes are disposed of either in open dumps or
sanitary landfills or by incineration. Methods of
treatment like incineration and sanitary landfilling
are expensive. Solid waste management expresses
the main matter where it does not have any
organized and efficient system in managing solid
wastes. This poor management has definitely
brought about negative influences to the natural

environment. By way of a result, the growing
amount of waste has led to the exhaustion of
natural resources that further provides a way to
environmental risks (Kathirvale et al., 2003)
Biodegradable wastes are certainly linked with the
humiliating environment, especially as we shed
light on the maddening quantity of contaminants
being produced; they are leachate and methane
gas. Section stores and shops have also augmented
popularity as the responses to people's needs. In
developing countries, the state of the wet market
is unwell constructed. For example fruits and
vegetable waste and food waste from restaurants
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inside wet market which are products to be
thrown away on a daily basis(Omotara et al.,
2004) Tee (2009) stated that waste created by
local residents is 16000 tonnes of domestic waste
per day and the average waste per capita has
escalated to 1.44 kg from 045 kg a day,
determined by the economic status of the involved
zone.

The average percentage of solid waste is 45% for
food waste, 24% for plastic waste, 7% for papers,
6% for steel 3% for glass and 15% for others
.(Baeyens et al. 1997) reported that the cost of
sewage sludge treatment is high, as it has roughly
35-50% of the total operating costs of the
wastewater treatment. (Chooi, 1984) stated that
sewage sludge can be dried and used as compost
as it covers high nutrient value. In comparison,
the sludge is able to recover soil fertility and
products more crops by safeguarding adequate
source of nutrients which are important to the
soil(Rantala et al, 1999, Kuai et al, 2000).
Therefore, cost-effective sustainable technologies
are needed by the industries to ensure the safe
disposal of industrial sludge. The high moisture
content, low carbon content and high nutrient
value of the sludge are the reason why it is usually
dried and used as a fertilizer. Currently, sewage
sludge disposal has been prepared through a
number of ways such as incineration, land-filling,
and composting(Kim ef al., 2000).

The first method, incineration is inept as its
moisture content is high, there is need to handle
unsafe gas emission appropriately. Land-filling
method is found to be very expensive because it is
not easy to get unfilled grounds suitable for the
purpose and also, once a landfill is opened; there
will be a set of stringent rules and regulations that
need to be followed (Hackett et al., 1999). Land-
filling process also produces unpleasant smell and
some by-products. The by-products of these gases
have a great propensity to pollute the water
surface and similarly the ground(Yun et al,
2000). Composting is a method of solid waste
organization whereby the organic component of
the solid waste stream is physically decomposed
under measured conditions to a state in which it

can be handled, kept and or applied to the land
without adversely affecting the environment(Xiao
et al., 2009). Co-composting of sludge with solid
food waste was expected to be one choice for
waste use and might offer several environmental
and economic welfares. Mixing of two types of
materials can provide better moisture content and
more stable nutrients for the microorganisms to
carry out the composting process(Singh et al,
2010, Yeoh et al., 2011) reported that the co-
composting is one of the important bio-waste
treatments in the palm oil manufacturing for reaching
sustainable process and zero waste.Nonetheless,
improper conditions of composting may result in
several problems such as gas release, bad odor, low
quality product production postponement and high
handling cost. The wide uses of microorganisms in
composting processes are similarly enclosed under
clarifications of many investigators. The maturation
process of compost can be quicker by supporting the
microorganisms to get finial product. However, the
microorganisms have desirable effects on the
biological characteristics of the organic material..
This study focused on the investigation of the co-
composting process of sewage sludge from waste
water treatment plant which was mixed with food
waste from the wet market in Tripoli Libya. Two
different ratios of mixing 1:2 and 1:3 were
adopted for this study. The aims were to
determine the physicochemical changes of co-
composting of food waste to sewage sludge and to
determine the best mixing ratio of food waste to
sewage sludge by using bin composters.

MATERIALS AND METHODS

Co-composting was used to produce compost
from food waste and sewage sludge. Food waste
samples were collected from the wet market and
sewage sludge samples were collected from Al
hadhbah waste water treatment plant in Tripoli
Libya. Both samples were mixed and homogenized
manually at different ratio of 1:2 and 1:3 (i.e., waste:
sludge) by weight, respectively. The composter has
measurements of 90 cm in height and 60 cm in
diameter and was painted in black to absorb the
sun ray. A mixture of sewage sludge and food
wastes was prepared and poured from the top of
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the composter. Two kgs of recycled compost were
added to the mixture to further facilitate the
composting process. A flow of air was created in
the composter that aids the aeration. The final
product of the compost was collected from the
bottom of the composter using an opening
designed at the bottom of the composter. This was
achieved through constructing a number of
uniformly distributed holes each had a diameter of
2 cm and located at the lower side of the bin.

Compost Analysis

Sampling was performed by taking 100 gms of
compost from the bin composter at different
places(Brinton et al, 2012). The temperatures
were measured by means of thermometer at the
core of the reactor at the beginning of each
experiment and every 5days for 100 days. Many
samples of the compost were taken to determine
pH, Total nitrogen, Potassium (K%) and
Phosphorus (P%), Total Organic Carbon (TOC%),
and Electrical Conductivity( EC). The pH values
of the compost were determined using a method
defined by (Carnes and Lossin 1970). Total
nitrogen was determined using Kjeldahl method.
Potassium (K%) and phosphorus (P%) were
measured by inductively coupled plasma mass
spectrometry. Total organic carbon TOC% was
determined by heating the dried sample at 550 'C
for 4 hours. The organic matter was converted to
carbon content using a factor of 54 % (Navarro et
al, 1990). Wet density was estimated by filling
500 mL of distilled water in a beaker with the
material(Schulze 1962). C/N ratio was analyzed
using CHNS-O Analyzer which is an elemental
analyzer  dedicated to the simultaneous
determination of the percentage (%) of carbon,
pH, nitrogen, Electrical conductivity values of the
compost were determined using a method defined
by(Rayment and Higginson 1992). All the
measurements which conducted on the samples
were performed at the beginning of each
experiment and every 5 days for 100 days from
June 2016 to September 2016.

Statistical Analysis

Analysis of variance without replication (ANOVA)
was performed to statistically assess the effects of
the elapsed composting time and the mixing ratio
on some physical and chemical properties of the
compost using a 95% confidence level. For more
convenient purposes, it was suggested to use the
intervals of 10 days rather than 5 days for the
elapsed composting time factor. Tukey’s test was
used to determine differences among the
composting ratio using a 95% confidence level, as
well. All statistical analyses were performed using
MINITAB statistical package software (Inc 2003).

RESULTS AND DISCUSSION

Physicochemical analyses were conducted on raw
materials of food waste and sewage sludge before
mixing which is shown in Table 1. The
parameters of initial food waste and sewage
sludge as depicted in Table (1) are responsible for
compost maturity. The values of these parameters
are within their optimum range as mentioned by
(Anwar et al., 2015). Results of co-composting of
food waste to sewage sludge with mixing ratio of
1:2 and 1:3 are shown in Table 2.

Table (1). Parameters of initial food waste and sewage
sludge.

Parameters Food Waste Sewage Sludge
pH 8.75 6.32
Nitrogen% 1.35 1.07
C/N 31.97 13.48
Potassium% 1.13 0.75
Moisture% 63.52 68.97
Phosphorus% 0.53 1.05
TOC% 33.27 32.42
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Table (2). Physical and chemical parameters of initial material mixture of food waste to sewage sludge with mixing ratio 1:2

and 1:3.
Parameters Initial material mixture of food waste to Sewage Sludge
Ratiol:2Bin composter A Ratiol:3 Bin composter B
Color Black Black
Odor Smells like soil Smells like soil

Size distribution Friable, fine and uniform

Friable, fine and uniform

Phosphorus% 1.13 0.98
Potassium% 0.38 0.58
pH 7.84 8.32
Nitrogen% 2.40 1.50
Temperature

The initial temperatures of bin composters were
23 and 26.5 0C for A and B, respectively as shown in
figure 1. Temperatures of both composters increased
significantly (at the probability level of 0.05) and
sharply to around 43 and 42 °C, from day 2 until day
20 of the treatment. The rapid rise in temperature
might be due to bacterial decomposition activity
in the compost. The thermophilic phase in the
present stage was continued until day 25 of the
treatment before the temperature of bin composter
declined gradually after it got the maturity phase
on day 40 of the treatment when the curing stage
was started. The comparisons between the mean

50

values of temperature among the compost ratio as
determined by Tukey’s test (at the confidence
level of 95%) indicated no significant difference.
The final temperature of bin composters reduced
gradually to reach 18 and 20 °C for composter A
and B, respectively. These were observed at the
end of the composting process which shown a
good degree of stability (Satisha and Devarajan
2007).
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Figure (1). Temperatures profile of composting using bin composters A and B.
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pH

In Figure 2, it is shown that the initial pH of the
compost were 8.46 and 8.32 for composters A and
B, respectively, then augmented sharply to
maximum values of about 8.87 for composter A
and 8.53 for composter B in the first month of
composting. The results of ANOVA indicated that
the effects of the elapsed composting time and the
composting ratio were significant at the
probability level of 0.05. Growth of pH value at
the beginning of the composting process might be
due to the protein mineralization which led to the
increase in ammonia produced by the biochemical

9,0

8,5

8,0 4

pH

7,5
7,0

6,5 | | | |
0 10 20 30 40

reactions of nitrogen-containing materials and
varying of amino acids and peptide to the
ammonia (Crawford, 1983; (Liao et al., 1997,
Paredes et al., 2002). According to Tukey’s test,
the comparisons among the compost ratio
revealed no significant difference between the
mean values of pH at the confidence level of 95%.
The final values of pH were reduced to 7.01 and
7.36 for composters A and B respectively, as
depicted in figure 4. These values agreed with the
study of (Sundberg et al., 2004). They stated that
for fully developed composting, the pH frequently
ranged from 7 to 9.

—dr—Bin A
——-BinB

50 60 70 80 90 100

Elapsed time (days)

Figure (2). pH profile of composting using bin composters A and B.

Electrical Conductivity (EC)

Electrical conductivity is the ability of a
material to transmit an electrical current and
electrical conductivity is expressed in the
units of dS/m. The initial concentrations of
EC were 1.48 dS/m and 1.53 dS/m for composter
A and B, respectively. These values augmented
with the final concentration of 1.89 dS/m for
composter A and 1.53 dS/m for composter B. It
can be observed from figure 3 that composter A
presented a significant increase (according to
Tukey’s test at the confidence level of 95%)
over composter B. This is a significant

application of compost in agriculture since
high soil salinity may prevent plant
development and growth. The data obtained
in this study were in the range of another
study by (Heli¢ et al., 2011) on composting of
municipal solid waste with different additives
and values of electrical conductivity with
mixture composting of municipal solid waste,
poultry manure and sawdust. They found that
EC were 1.50 dS/m and 2.62 dS/m for both
reactors, respectively.
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Figure (3). Electrical conductivity profiles of composting using bin composters A and B.

Total Organic Carbon

Unlike the composting ratio, the results of
ANOVA showed a significant effect of the
elapsed composting time on TOC%. The
results also revealed that TOC % decreased in
a similar way in both composters A and B.
The initial values of TOC% for composters A
and B were 46.23 and 48.04% respectively,
and dropped quite dramatically to 40.21 and

37.08% at the end of composting as depicted
60 ,

in figure 4. Such decreasing in TOC% during
composting time was also noted in many similar
studies (Sampedro et al, 2007, Haque and
Gholami 2012). However, according to Tukey’s
test, the comparisons among the compost ratio
revealed no significant difference between the
mean values of TOC % at the confidence level of
95%.

Total Organic Carbon (%)
=9
wun
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30 A | | |
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Figure (4). TOC profile of composting using Bin Composters A and B.

Total nitrogen

Total nitrogen content in both composters A
and B increased from initial values of 0.89 and
0.86%, respectively. Composter B experienced
a series of insignificantly statistical ups and

downs (at the probability 0.05 level) in nitrogen
concentration during thermophilic stage as
shown in figure 5. Moreover, the results of
Tukey’s test indicated that the comparisons
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among the compost ratio revealed no significant
difference between the mean values of total
nitrogen at the confidence level of 95%. The
final values of total nitrogen observed were
1.187 and 1.30% for composter A and B,
respectively. However, (Nutongkaew et al.,
2011) reported a similar trend in increasing of
1,6

1,5 +
1,4
1,3
1,2
3,4 =1
1 4

Total nitrogen (%)

0,9
0,8
0,7 +

0 10 30

20

40

50

the total nitrogen during the composting
process.

60 70 80 90 100

Elapsed time (days)

Figure (5). Changes in TN profile of composting using Bin Composters A and B.

C/N ratio

C/N ratio decreased gradually in the first two
weeks of composting treatment for both
composters A and B. Such typical reductions in
C/N ratio were statistically significant according
to the analysis of variance (ANOVA), at the
probability levels 0.05 during the composting
process i.e., the elapsed composting time.
According to Tukey’s test, the comparisons
among the compost ratio revealed no significant
difference between the mean values of C/N ratio

at the confidence level of 95%. However, the
final values for both composters were 13.43 and

14.32%, respectively, after maturation as
depicted in figure 6. Such final values of C/N are
favorable for composting industries.(Van

Heerden et al, 2002) stated that the C/N ratio
less than 20 could be considered as a suit
maturation level of compost. However, this
enhances net mineralization of nitrogen in the
soil for plant use if used as fertilizer.
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Figure (6). Changes in C/N ratio profile of composting using Bin Composters A and B.
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Nutrient Changes

Unlike P%, the analysis of variance
(ANOVA) indicated that the effects of
composting ratio on K% were significant at
the probability levels of 0.05. On the other
hand, it was found that the effects of elapsed
composting time on both K% and P% were
significant at the probability level of 0.05.
Figure 7 shows that the content of K% in
composter A increased from 1.5% to 2.97%.
The content of P% also increased in
composter A from 0.1% to 1.27%. Similarly,
in the composter B the content of K%
increased from 0.53 to 1.72% and from 0.48
to 1.08% in terms of P%. According to

Tukey’s test (at the confidence level of 95%),
35

the comparisons between the mean values of
K% were found to be in significant difference
among the composting ratio. Unlike the mean
values of K%, the mean values of P% had
relatively no differences among the composting
ratio. The increase of K% and P % at the end of
composting could be attributed to a decrease in
organic matter (Haug 1993). On the other
hand, (Fei-Baffoe et. al., 2015) attributed the
increase of macro elements such as K% and
P% to the organic matter decomposition
which is leading to the net loss of dry mass,
which in turn, might have concentrated the
phosphorus and potassium in the compost.
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Figure (7). Changes of nutrients profile of composting using bin composters A and B

Ash Content

This test is a measure of the inorganic
residual material gone after burning the oven-
dried compost sample at 500 £ 50°C. The
quantity of ash was depending on the kind of
feedstocks composted. Initial ash content of
composters A and B were 26.79 and 28.21%
respectively. The final values obtained in this
study of both composters were 11.32 and
12.23% for A and B respectively as depicted
in figure 8. The results of analysis of variance
(ANOVA) revealed that unlike composting

ratio, the effects of elapsed composting time
on ash content were significant at the
probability level of 0.05. Similar results were
reported by (Heli¢ et al., 2011, Razali et al.,
2012).

© 2017 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 32 (1): 24-35, 2017

=d&—Bin-A
=&-Bin-B

~ r~ w
=1 5 =}

Ash content (%)

—_
w«

10
0 10 20 30 40 50 60 70 80 90 100

Elapsed time (days)
Figure (8). Ash content profile of composting using
bin composters A and B.

Table (3). Physicochemical properties of the final
compost at two stages

pH CN K% P% N% TC

Bin

composter 7.01 13.43 297 1.27 120 43
A
Bin

composter 7.36 1432 1.72 1.08 130 42
B

CONCLUSION

Co-composting of food waste to sewage sludge
can be used as another way of converting these
materials into a beneficial product using a cheap
and easy system, which is the bin composter.
Improved biodegradation was achieved by
mixing food waste to sewage sludge. In
addition, the temperature achieved in
composting met the sanitary requirement for
pathogen killing. The compost produced in this
study has a C/N ratio of 13.43 and 14.32 with
significant amounts of phosphorus, potassium
and nitrogen. It is noteworthy that the final
product of compost had high nutrient content
especially P and K. Thus, the compost can be
applied safely to the soil as a conditioner to
enhance its chemical quality.
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Abstract: The volume integral of Riemann flux in the discontinuous Galerkin (DG) method is
introduced in this paper. The boundaries integrals of the fluxes (Riemann flux) are transformed
into volume integral. The new family of DG method is accomplished by applying divergence
theorem to the boundaries integrals of the flux. Therefore, the (DG) method is independent of the
boundaries integrals of fluxes (Riemann flux) at the cell (element) boundaries as in classical
(DG) methods. The modified streamline upwind Petrov-Galerkin method is used to capture the
oscillation of unphysical flow for shocked flow problems. The numerical results of applying
totally volume integral discontinuous Galerkin method (TVI-DG) are presented to unsteady
scalar hyperbolic equations (linear convection equation, inviscid Burger's equation and Buckley-
Leverett equation) for one dimensional case. The numerical finding of this scheme is very
accurate as compared with other high order schemes as the weighted compact finite difference
method WCOMP.

Key words: Scalar conservation laws; Higher order methods, Discontinuous Galerkin;

Divergence theorem

INTRODUCTION

There has been a surge of researches activities in
high order methods as spectral volume (SV)
method, spectral difference (SD) method, the
weighted essentially non-oscillatory (WENO)
method and (DG) method. Most of the
aforementioned methods have a common feature:
they achieve high order accuracy by locally
approximating the state variables (numerical
solutions) as high order polynomials inside the
element. While WENO method achieves a high
order accuracy by approximating the state
variables as high order polynomials over a stencil
(groups of cells or elements). In this work, we
concerned ourselves to the compact and weighted
scheme which is the DG method.

The DG method is introduced by Reed and ( Hill
in 1973) for neutron transport problems and

then developed for fluid dynamics by Cockburn
and Shu in series of papers among them
(Cockburn et al., 1989, Cockburn and Shu 1989,
Cockburn et al., 1990, Cockburn 2001). (Huynh
2007) introduced a flux reconstruction (FR)
approach, in which the formulation is capable of
unifying several popular methods including the
discontinuous Galerkin method, staggered-grid
method, spectral difference method and spectral
volume method into a single formula. The final
mathematical form of the discretized governing
equation is governing equation in the differential
form. After that, (Wang and Gao 2009) extended
(FR) approach to multidimensional flow and
unstructured mesh under the named lifting
collocation penalty (LCP) formulation. Therefore,
the differences between DG and other methods lie
in the definition of degrees of freedom (DOFs)
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and how the DOFs are updated (Wang and Gao
2009).

It is well known that the discontinuous Galerkin
method is as an efficient and low error magnitude
than the other methods. In the DG formulation,
the boundary flux is integrated over the boundary
of the cell or element as traditional methods like
finite volume (FV) methods. While for its
development the weighted function at the
boundary of the cell can be transformed into the
correction function g(&) for (FR) or lifting
coefficients a; ; for LCP  formulations.  Thus
g and a;; are dependent on the weighted
functions over the boundaries(Gao and Wang
2009, Wang and Gao 2009). Therefore the
weighted functions at the boundary play an
important rule for boundary flux calculation in the
DG method and its development. In general, there
are two types of flux integrals, the first one is the
volume integral of the physical flux over the
entire element domain, and the second type of
integral is the boundary integral of the Riemann
flux (Godunov flux) over the boundaries of the
elements (over the surface areas of the element).
This difficulty motivated us to introduce a new
family of DG methods independent of the
weighting functions at the boundaries. Therefore
no boundary integral is needed for this new
formulation.

The paper is organized as follows: Section 2
introduced the new DG method formulations. The
verification of the new formulation is introduced
in section 3. Finally, conclusion remarked is
introduced into section 4.

Totally Volume Integral (TVI) DG Method
Formulation

Space Discretization

For the convenience of discussion, a review for
DG semi-discretization for partial differential
equations (PDE) is introduced. This can be done
by firstly considering the conservation laws in
divergence form:

Q,+V-F=0. (1)

The numerical solution of Eqn. (1) is sought on
the computational domain Q subject to proper
initial and boundary condition. where Q is the
conservative variable and F is the conservative
flux vector.

In Egn. (1) Q and F are scalar or column,
representing scalar or system of equations. The
weighted residual formulation is obtained by
multiplying Egn. (1) by a scalar test function
(weighting function) W and integrating by parts
over the domain Q

[IWQ: = VW - F(Q)]d2 + [, .WF(Q) - ndl' =
0. 2

A discretization analogue of Eqn. (2) over each
element can be obtained by subdividing the
computational domain Q into N non-overlapping

N
elements 2 =kL_11!2h. By applying Egn. (2) to

each element Qp, the semi-discrete analogue of
Eqn. (2.2) over the computational grid yields:

Lo, |Wn 52k — VWi F(Qu) | d2n +
Jr, Wi F(Qp)-ndI}, = 0, ©)

I'y, denotes the boundary of the element Qy, and n
is outward vector normal to the boundary. Let Qp
and Wi, represent the finite element approximation
to the analytical solution Q and the test function
W respectively where Qp and W, are
approximated by a piecewise polynomial function
of degree k, which is continuous within each
element and discontinuous between the elements
interfaces.

Qn(x, 1) = £]27 0;Q;(6) and W, (x) =
A (4)

Where n is the dimension of the polynomial space
p* and @;is the basis of the polynomial. The
expansion coefficients Qj(t) and W; denotes the
degrees of freedom (DOFs) of the numerical
solution and the test function in element Q,
respectively. Thus the summation in eqgn. (3) is
equivalent to the following system of n equations
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Jo,l0Qc = Vo; - F(Q)] dy + [, #; F(Qn) -
ndl;, =0, 1<j>n, )

since the discontinuities are permitted at the
interfaces of elements in the DG method. Because
the approximated solution is discontinuous at the
element boundaries, the interface flux is not
uniquely defined. In this stage, the Riemann
fluxes used in the Godunov finite volume method
are borrowed.

The normal flux function F(Qp).n appearing in the
last terms of eqn(5) is replaced by a numerical
Riemann flux function Fy, = F(QL,Qr,n) that
depends on Q. and Qgr which are the
approximated solutions of the conservative state
variables Qn at the left and right side of the
element boundary, respectively. In order to
guarantee consistency and conservation, the
Riemann flux must satisfy the following

Fup = F(QL,Qr,N) = F(Qn).n and -Fy,= F(QL,Qr,-
n) =—F(Qn).n. (6)

In the present work, the Riemann flux is
approximated by using Lax and Friedrich (LF)
flux for nonlinear flux. This scheme is called
discontinuous Galerkin method of degree k as
given in the classical form, or in short notation
DG (k) method. The surface and volume integrals
in Eqn. (5) are calculated in case of DG method
by using 2k and 2k+1 order accurate Gauss
quadrature formulas, respectively.

In order to unify the integrals (surface integral and
volume integral), the totally volume integral of
the upwind flux scheme for DG method is used
for this purpose. The relation between the surface
and volume integrals for any vector A is given by
the divergence theorem as

A -ndl = ffv.Adv, (7)

where 7" and V are surface and volume of the
problem domain. The totally volume integral DG
method is accomplished by applying the
divergence theorem to the last term of Eqgn. (5)
and rearranging to give the following form

2Q
[y, [0 — Vo, F(Qn) + Vo, Fa +

V. Fup] dQ, =0, 8.3)

for one dimensional case Eqn. (8.a) can be written
as:

0Q  09j 0¢;
fnha[fpf e~ o F@n) + 5 Ry +
Fy
;52| day = 0. (8.b)

The Riemann or upwind flux vectors are
approximated by polynomial of order k as done
for the state variable in Eqn. (4). F(Qp) =

iz? iFi(Qh) Fup = iz? iFup,i' the last two
terms of Eqgns. (8.b) can be companied into one
term as follows

aQ 0¢; 09
Ja, [(Pja_th ——2@iF(Qn) + (a—xjfﬂi +
29
(p] %) Fup,i] d.Qh = 0. (9)

Equation (9) is the DG method in totally volume
integral form.

Coordinate Transformation

In order to achieve an efficient implementation,
all elements are transformed from the
computational space (x,y,z) into standard space
(¢,n, &). Consequently, all partial derivatives with
respect to the standard space are related to the
partial derivative in the computational space as in
the finite element methods. For one dimensional
case, the value of the x can be obtained as:
x = X2t %9, (). (10)
The derivative of x with respect to ¢ is obtained
as:

a_z =X; = §=1 Xj a

(11)

The derivatives of any function with respect to the
standard coordinate can be written as:
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a( ) _a()ax _3()
8¢~ ax 97  ox

xgwith|]| = (12)

|x¢ .
Where |J| is the determinant of Jacobian matrix.

Also, the derivatives of any function with respect
to physical coordinates can be written as:

o ) _
dx

6
7 Cewithl 7 = 16,

(13)
From equations (11) and (13), x; = 1/J,, with
n¢ = {x/13| = 1. Thus no negative values of the
Riemann flux Fy, = F(QLQrnp at the
boundaries. By substituting into Eqgn.(9) and
rearrangement yields:

aQp a(p]

f [on ot ac (pl({xF'(Qh)) + (aa(? 901

6 i

228) (CuFup,)| 4 = 0. (14)
Finally after the spatial discretization is
accomplished, equation (14) can be written into
the following form

d
ML= R(Q), (15)
where R(Q) is the residual and M is called the
consistent mass matrix

Time Integral

The semi-discrete equation as Egn. (15) can be
integrated in time using explicit methods. The
explicit three-stage third-order TVD Runge-Kutta
scheme RK(3,3) and five-stage forth order
RK(5,4) are the widely used methods given in
many references among them(Gao and Wang
2009). The RK(3,3) can be expressed in the
following form:

QW =qQ"+AtM TR(Q") (16.2)
Q@ =3/4Q(n) + 1/4[Q(1)+AtM —1 R(Q(1))] (16.b)
Q™'=1/3 Qn + 2/3[Q(2) + AtM—1 R(Q(2))]  (16.c)

This method is linearly stable for a Courant
number less than or equal to 1.

Numerical Results

All of the computations are performed on a
Compaqg laptop computer (2.33 GHz Intel (R)
Core (TM) 2 CPU T7600 with 4G Bytes memory)
using Ubuntu 14.05 Linux operating system. The
code was written in C Language and compiled
with the default gcc compiler. As a preliminary
test we apply the totally volume integral
discontinuous Galerkin method to several one-
dimensional examples involving linear advection
equations, inviscid Burger's equation and
Buckley-Leverett equations.

The global error is calculated as the difference
between the exact solutions and the numerical
solutions. The discretize Ly norm error is given as

L1 _ Zj l edof|Qex Qih|/td0f,

where N is the total number of elements, edof is
the element degree of freedom and
tdof=(N[_I_] edof)is the total degree of freedom.

Numerical Tests and Comparison.

Example-1
The first example is linear advection equation

considered in  many references among
them(Zhang et al., 2008).

0Q | 9F(Q) _

at ox =0, (l)
with F(Q) = Q. The initial condition is given as
Q(x,0) = sin*(r x) with periodical boundary
conditions. The exact solution is Q(xt) =

sin*(m(x — t)). The domain [-1,1] is divided into
N equally space elements. The approximated
solutions are constructed from polynomials of
orders k from 1 to 3. The RK (3,3) is used for k =
1 and 2, while RK (5,4) is used in case of k = 3,
where the RK methods are used for evaluating the
time integral part. The numerical results are
obtained at time t =1.0. Table (1) exhibits the L;
error and order of accuracy using TVI-DG
method. Whereas Table (2) reveals the L; error
and order of accuracy using weighted compact
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method of forth and sixth order of accuracy from
(Zhang et al., 2008). Figure(1) displays the
numerical solution at t = 1.0 using polynomial of
order k = 2. Figure 2 reveals L; error of TVI-DG
method with polynomials from 1 to 3 and the L1

error of the weighted compact method of orders 4
and 6 from (Zhang et al., 2008). Figure (2) and
Table (2) show that TVI-DG method has lower
error magnitude as compared with weighted
compact method.

Table (1) L, error and the order of accuracy for 1D linear advection eqn. with periodic boundary conditions at t = 1 by using

TVI-DG method with polynomials of orders k =1 to 3.

k=1 k=2 k=3
N L, error Order L, error order L, error order
10 2.90933e-01 - 6.005329e-02 - 3.991401e-03 -
20 9.40716e-02 1.628 4.146367e-03 3.856 1.021990e-04 5.287
40 2.811773e-02 1.742 2.284089e-04 4,182 5.570254e-06 4.197
80 4.257114e-03 2.723 2.093349e-05 3.447 3.388487e-07 4.039
160 5.529017e-04 2.944 2.419287e-06 3.113 2.12720e-08 3.993
Table (2) L, error and the order of accuracy for 1D linear t
advection eqn. from (Zhang et al., 2008) 09
nar {
Method N L, error L, order | | |
10 356e-1 : it
20 1421 1.33 s | ' -
WCOMP4 40  2.62e-2 2.44 s | '-
80 2.21e3 357 L) -'
160  1.64e-4 3.76 e
10 3.56e-1 - oar
20 9.27e-2 1.94 o o
WCOMP6 40  7.22¢-3 3.68 . 05 ==y = 05 =
X-C0onEnate
80 3.06e-4 4.56
160 1.10e-6 8.12

Figure (1). The numerical solution of 1D linear advection
eqgn. with initial condition Q=sin*(x x)

at t=1.0, N=200 elements by using polynomial of order k =
2
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k=1, TWI-DG

‘ K=2 TVI-DG ]
K =3, TVI-DG
order d_ WOOMP ||
order &, WCOMP |

B

10 1 1o
N

Figure (2). L; errors for TVI-DG, with k=1 to 3 and
weighted compact method from (Zhang et al., 2008).

Example-2

The second example is the linear advection
equation, eqgn. (1) with F(Q) = Q. The initial
condition Q(0,x) = 0.0 and the boundary condition

given as Q(0,t) —sm( nt) The problem is

considered in many references among them Ref.
(Liu et al., 2010). The problem domain x €
[0,100] is divided into 200 elements. The
approximated solutions are constructed from
polynomials of order k from 2 to 4.Due to the
smooth solution; there is no need for using the
stabilization technique. The time part is evaluated
using RK(3,3) and RK(5,4). Figures 3 to 5 display
the numerical solutions at t = 20, 40 and 60,
respectively. The figures demonstrate that the
TVI-DG is a very efficient method for solving
problems with sine wave propagation from the
boundary to the main domain, without losses in
the wave amplitude in case of long time intervals.

16 T T T T —
T g

-
k||

G

n 20 an (1] an 100
i AT P

Figure (3). The numerical solution of example 2. by using
TVI-DG with k =2 to 4 at time t=20.
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Figure (4). The numerical solution of example 2. by using
TVI-DG with k =2 to 4 at time t=40.

Fa2
Kl
Fmdl

Figure (5). The numerical solution of example 2. by using
TVI-DG with k =2 to 4 at time t=60.

Example-3

The third test example is the inviscid Burger's
equation, considered in many references among
them(Wang et al., 2008).

22+ 289 = 0, with F(Q) =% Q2 @)

The initial condition is u(0, x) = sin(m x) with
periodical boundary conditions. The problem
domain [0,2] is divided into 150 equally spaced
elements. The approximated solutions are
constructed from polynomials of orders k from 2
to 4. The RK (5,4) are used for evaluating the
time integral part. The numerical results are
obtained at time t = 1. Due to discontinuity, the
modified streamline - upwind stabilization
technique is used to capture the unphysical
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oscillation in the flow problem. Figure (6). display
the numerical solutions using TVI-DG method at
t =1. The figure reveals that the TVI-DG method
is very efficient and there is no significant
unphysical flow in case of shock wave problems.

Example-4
The fourth example is Buckley-Leverett equation
for two phase flow(Xin and Flaherty 2006).

0Q , 0F(Q) _
6t+ ax

. Q?

The initial condition is given as Q(x,0) =
é i;g The problem domain [-1,2.5] is
divided into 200 equal elements. The
approximated solutions are constructed from
polynomials of orders K from 2 to 4. The RK
(5,4) are used for evaluating the time part. The
numerical solution is obtained at time t = 1.0.
Figure (7) demonstrates that the TVI-DG method
with modified streamline upwind stabilization
technique is very efficient and there is no
nonphysical oscillation of the numerical solution
for the shocked flow where the solution involves
one moving shock wave followed by expansion
wave(Xin and Flaherty 2006). However there is
no closed form of the equation (exact solution),
thus the exact solution can be obtained by using
1000 element.

o8

T =
i (]
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B |

- |

Bt '
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Figure (6.) The numerical solution of example 3. by using
TVI-DG withk=2to 4 attimet=1.
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Figure (7). The numerical solution of example 4. by using
TVI-DG with k =2 to 4 at time t = 1.

Example-5

The fifth test example is the Buckley-Leverett
equation with the standard parameters, considered
in (Xin and Flaherty 2006). The standard

ot The

parameter of the flux is F(Q) = PSSy

initial condition is given as:

1, —-5<x<0
Q(xro)_o’ XZO

The problem domain [-1,1] is divided into 200
equal elements. The approximated solutions are
constructed from polynomials of orders k = 2 and
3. The RK (5,4) are used for evaluating the time
integral part. The numerical results are obtained at
timet=0.4.

Figure (8) displays the numerical solutions at time
t = 0.4, by using TVI-DG method with k =2 and 3
and the stabilization technique is used to capture
the unphysical oscillation in the flow. The
solution involves two moving shock waves each
followed by an expansion wave (Xin and Flaherty
2006).
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Figure (8). The numerical solution of example 5. by using
TVI-DG with k =2 and 3 at time t = 0.4.

DISCUSSION AND CONCLUSIONS

The transformation of the boundaries integrals
into the volume integrals is introduced in this
paper under the named TVI-DG method. Thus,
there is no need for using the integrals of test
functions at the boundaries as in the classical DG
method. The totally volume integral discontinuous
Galerkin method is used to solve hyperbolic
conservation laws. The numerical finding
presented that the TVI-DG scheme is very
efficient and had lower error magnitude than the
other high order schemes as weighted compact
scheme.
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Abstract: The study aims at investigating the microbial load of wet-salted fermented product (a
traditional fermented product in Sudan named locally; fassiekh) and determination of total viable
bacterial count, according to salt concentrations (20%, 25% and 30% of the fish weight) and
seasons (summer, autumn and winter) variations. Fessiekh processed from popular fessiekh fish
species (Hydrocynus spp, local name: Kass).The isolation and identification of bacteria and
mould were examined for the microbial quality of fassiekh. The total viable count of bacteria in
fresh fish used as raw materials in fessiekh preparation (Hydrocynus froskalii), ranged from
2x10°-5.5x10°cfu/ g. The concentrations of salt had direct effect on the microbial quality of salted
Hydrocynus froskalii. It was observed that the total bacterial count was increased during the first
five days in summer and autumn while at winter season it showed increases till the tenth day,
followed by remarkable decreasing. The counts began to decrease as salting proceeded. Five
Staphylococcus  spp  (Staph.aureus, Staph.rostri, Staph.lentus, Staph.epidermidis and
Staph.pyogen) were isolated from all samples of salted fish and appraises about 46.77% of total
isolates. Also three species of Micrococcus were isolated (Micro.leuteus, Micro.roseus and
Micro.lactis), and Aerococcus viridans, and they represented 36.17% & 12.9% of all isolated
samples respectively. The viable bacteria counts of commercial fessieckh were significantly
higher (p<0.05) when compared to the experimentally salted fish at the same salt concentrations.
No yeasts or fungi were detected in tested samples.

Key words: Salt concentration, Seasons, Microbiological analysis, Fessiekh.

INTRODUCTION from point to markets, there is a great chance for

) o the fish to be contaminated by bacteria (Clucas

Food safety is everybody’s concern, and it is  ;nd Ward 1996). Preservation of fish by salt is an
difficult to find anyone who has not encountered ;14 age technology. This method of preservation
an unpleasgnt moment of food borne il.lness al  still has popularity in many developing countries
least once in his lifespan. Food bprne illnesses  que to its simplicity and low cost of processing
may r'esult from the cgnsumptlon of fOQd (Takagi et al,. 1984).Sudan has a number of large
contammated bY_ mlgroblal pgthogens, toXIC  water reservoirs, which contains a huge wealth of
chem1ca1§ or rad}oactlve materlals (Mgcachor > fish of several types, and the estimated wealth was
2016). Fish are highly perishable food items as  apoyt 110 thousand tons. The main sources of fish
they start to spoil as soon as they are harvested. in Sudan are the Blue Nile, White Nile, River

So, processing and storage methods are vital  Njle, lake reservoirs behind dams and irrigation
factors in fish consumption. During transportation
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canals, as well as the Red Sea. In Sudan, nearly
70% of the total fish landings are consumed in
forms of fresh fish. The rest is cured either by
salting, fermentation or sun-drying. The process
of fish salting and fermentation is termed locally
as “Fessiekh” making. Fessiekh is a wet salted
product, soft in texture with a strong pungent
smell and a shiny silvery appearance. It can be
stored for more than three months (FAO,
1992).Fessiekh is not a truly indigenous Sudanese
food product but it is the major fermented product
from fish in Sudan. This product has an immense
popularity in Egypt and is also familiar with other
regions of the Middle East, (Makie et al., 1971). It
is consumed after cooking together with additives
such as peanut paste and some spices, which made
it more acceptable and delicious. According to
(Osman et al., 2012), the process of fassiekh
making is about a century old, introduced to
Sudan from Egypt during the Turko-Egyptian rule
(1821-1885), and then transferred and established
traditionally within families or through non-
formal training(Sulieman and Khamis 2011).

The fermented fassiekh, normally produced in
houses or in small-scale sectors by covering fish
with salt in alternate layers for up to 7 days or
less, depending on temperature, then transferred
to be fermented with additional salt and left to
fermentation up to 10 days (Dirar 1993, Anihouvi
et al., 2012, El Hag et al., 2012) reported that the
prevalence of traditional preservation methods
employed throughout Sudan are defective and
need efforts pertaining to their improvement and
development. Therefore, the objective of the
present study was to examine the microbial load
present in salted fassiekh in order to evaluate the
hygienic practices of fassiekh processing.

MATERIALS AND METHODS

Collection of samples

Samples of fresh fish namely Kass (Hydrocynus
forskalii), were brought from local fish markets
and weighed about 71kg. These samples were
kept in polyethylene bags with crushed ice and
transported to the Fisheries Research Center,

where  microbiological investigations were

immediately carried out.

Processing

Fresh fishes were washed, eviscerated, washed
again and transferred to baskets to dry up while
covered by a thin cloth to prevent insect’s
invasions. Fish were weighed to the nearest gram
using a dial balance (KRUPS type 875) and for
the purpose of salting, divided into three equal
groups. The first group was subjected to a total
weight of salt amounting to 20% of the fish
weight, the second to 25% and the third to 30%.
The procedure used is called dry-salting. In this
method, salt was applied by hand and brushing off
the fish surface, the inner lining of eviscerated
abdominal cavity and the gills chambers. This
process was conducted by separating the fish
layers by coarse salt mattresses inside a plastic
container. When the salt penetrates the flesh, it
extracts the fluids through plasmolysis. The
extracted fluid (pickle) was allowed to drain
continuously. Used salt is removed from the fish
surfaces and the fish restocked with new dry salt
between the layers once during the ripening
process. During processing of fessiekh in the
laboratory, sampling was carried out every five
days for 7 times (about a month), the first sample
took place after the treated fish became as a
fessiekh product.

The steps applied above were repeated three times
according to the seasons of the year: summer,
autumn, and winter (average air temperatures 37,
30, 27°C respectively). Commercial fessiekh
samples (used for comparison) were obtained
from Central Vegetables and Fruit market, south
of Khartoum.

Microbiological examination

Appropriate serial dilution was made by using a
desired amount of samples (20g) and transferred
to a sterile bottle containing 180 ml of Peptone
water (0.1% w/v) to give 10" dilution, then 1ml
from the bottle was transferred to a tube
containing 9 ml of Peptone water to give 107
dilutions; then further dilutions were made
in a similar manner. A total viable count was
enumerated by pouring plate method using Plate
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Count Agar (PCA) at (37 + 1° C, 48 h) and
Mannitol Salt Agar (MSA) at (37 + 1° C 36 -
48h) was used as a selective and differential
characteristic medium for identification of
Staphylococcus and  Micrococcus  spp. as
described in (Harrigan 1998). Pure colonies of
staphylococci isolates were differentiated by
conducting coagulase test as well as biochemical
tests such as Urea test, Voges—Proskauer (VP)
test, and Sugar fermentation as described
in(Barrow GHandFeltham 1993, Harrigan 1998).
Potato dextrose agar was used for counting mold
and yeast (22+1°C, 5 days).

Statistical analysis

Data obtained were analyzed as a completely
randomized design and the means were compared
by T- tests described by SPSS software (Version
13), with 0.05 level of significance.

RESULTS AND DISCUSSION

The total viable count of bacteria in fresh fish
used as raw material in Fessiekh preparation
(Hydrocynus froskalii) was presented in (Table
1). From the results, the total viable count of
bacteria in fresh fish (whole) ranged between
3x10° -5.5x10°cfu/g. The number of bacterial
counts could be explained on the basis of
contamination of fish during catching, handling,
transportation, and exposure to the surrounding
environment. It could be noticed that the total

bacterial plate counts of the samples from gills,
viscera and whole fish were slightly different.
(Shewan 1977) and Gram, (1989) noted that the
bacterial flora on newly caught fish depends on
the environment in which it was caught rather
than on the fish species. Among fish parts (Table
1), the viscera contained the highest bacterial
counts. The numbers of microorganisms in the
gastrointestinal tract of fish were far higher than
in the surrounding water. This indicated the
presence of a favorable ecological niche for the
microorganisms (FAO, 1995).

Table (1): Total Viable Bacterial counts (cfu/g) of fresh
Hydrocynus forskalii

Seasons Whole Gill Viscera
Summer 3.5x10° 2x10° 4x10°

Autumn 5.5x10° 2x10° 8.5x10°
Winter 3.5x10° 2.5%10° 4.5%10°

On the contrary, authors believed that the
microflora of the gastrointestinal tract was merely
a reflection of the environment and the food
intake. Liston, (1980) stated that the total number
of organisms fall in the range of 10*-10"cfu/cm®
on the skin surface. Microbial contents of species
after salting with different concentrations varied
with time (Table 2).

Table (2): Total Viable Bacterial counts (cfu/g) of salted samples during different seasons

(S:’(’C)liltcentration 20% 25% 30%

Seasons Summer Autumn Winter Summer Autumn  Winter Summer Autumn  Winter
0 day 2x10° 4x10° 12.5x10°  5x10° 2x10° 7.5x10°  3x10° 1x10° 8.5%x10°
5 1.5x10°  4.5x10°  15x10° 3.5x10°  3x10° 12.5x10°  2.5x10°  2x10° 7.5%x10°
10 1x10° 45x10°  14.5x10°  1x10° 1x10° 10x10°  0.5x10° 1x10° 7.5%10°
15 45x10°  2.5x10°  14x10° 3.5x10°  1x10° 5%x10° 45x10°  0.5x10°  4.5x10°
20 3.5x10°  1x10° 10x10° 1.5x10°  2x10° 5x10° 1.5x10°  0.5x10°  2.5x10°
25 1.5x10°  0.5x10°  3.5x10°  0.5x10° 2x10° 3.5x10°  0.5x10°  0.5x10°  1.5x10°
30 0.5x10°  0.5x10°  2x10° 0.5x10°  1x10° 1.5x10°  0.5x10°  0.5x10°  1.5x10°

There was an increase in the case of total viable
bacterial counts during the first five days (average

temperatures 30°C, and 37°C) and ten days at
temperatures 27°C. (Tsai et al., 2005), found that
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total viable bacterial count of mackerel fish salted
and sold in Taiwan markets ranged between
4.3x10? and 5x10°cfu/g. On the other hand, (Gun
et al., 1996) reported that bacterial counts were
4.7x10°cfu/g and 5x10°cfu/g on the beginning
and the end of storage period respectively, at
storage period of trout preserved by salt for 9
weeks. The findings of this study are confirming
the findings of ( Gun et al., 1996; (Tsai et al.,
2005).

The decreasing of the total viable bacterial counts
with time could be explained on the basis that in a
short processing period as that in the case of
Fessiekh, it is hard to believe that the substrate
for microbial growth comes from the degradation
of the protein. It is more likely the microbial
growth occurs as a result of attacking proteinaceous
and other soluble nitrogenous compounds contained
in the fish juice. This is substantiated by the
observation that the growth occurs during the
zero and ten days after the salted fish became a
product, and then the counts drop steadily, this
occurs with salt penetration inside the muscle and
that sodium chloride has been used as a
preservative for a long time. Also, the early
increase occurred while fish were wet and the
provision of salt promoted the growth of
halotolerant and halophilic bacteria in fish. As the
fish became drier, there was a decrease in water
activity and this together with the accumulated

Table (3): Bacterial groups isolated from salted samples

salt in the flesh resulted in suppression of
bacterial growth. Birch et al., (1986) reported that
when moisture content or water activity was
lowered, the amount of water available for
supporting microbial growth was reduced. The
primary objectives of high levels of salt used in
fish fermentation are to select the halophilic
organisms, which will affect the degradative
process on the organic compounds in the fish
muscle to bring about the desired flavors in the
product (FAO, 1992). Similarity, (Dirar 1993)
mentioned that the salt and the mats used in the
fessiekh fermentation process might contribute
important halotolerant strains. (Eltom 1989)
reported that after the addition of the salt in
Fessiekh fermentation, the viable bacterial count
rose to 1.8 x 10°cell/g on the fourth day followed
by decreasing to 8.6 x 10° cell/g on day twelve.
This pattern of rising and fall in the microbial
count was observed during fish fermentation by
different researchers (Hamed et al., 1973;(Ahmed
et al., 2010, El Hag et al., 2012).The bacterial
genera isolated from salted fish (Hydrocynus
froskalii) were Micrococcus spp (38.17) and
Aerococcus spp (12.9%) while Staphylococcus
spp was found in all samples of salted fish with a
record about (46.77%) and Staphylococcus
aureus was the most dominant species isolated as
shown in (Table 3).

Days Microorganisms
0 Staphylococcus aureus+ Staphylococcus pyogenes+ Staphylococcus rostri
5 Staphylococcus aureus+Staphylococcus lentus+Micrococcus roseus+ Micrococcusleuteus

10 Staphylococcus aureus+ Staphylococcus pyogenes + Micrococcus roseus+

Micrococcus leutus

15 Staphylococcus aureus+Micrococcus leutus +Aerococcusviridans Staphylococcus epidermidis

20 Staphylococcus aureus + Aerococcusviridasn

25 Staphylococcus aureus+ Micrococcus roseus+Micrococcus leutus

30  Staphylococcus aureus+Micrococcus leuteus+ Micrococcus lactis

© 2017 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The obtained result was in disagreement with (El
Hag et al., 2012) who found that Staphylococcus
xylosus species were the dominant bacteria

isolated from salted Kawara fish (A4lestes spp)
during storage. (Goja 1993) reported that
Staphylococcus saccharolyticus was predominant
species of Staphylococci isolated from the salted
fassieckh produced in Ed Dueim city.
Staphylococcus spp can reach high levels
(>10°cfu/g) in products prepared with hands
under bad conditions and can cause food
poisoning (Varnam & Evans, 1991).  Also,
(Vishwanath et al, 1998) reported that
Staphylococcus aureus grew well in salted food
and in low water activity. Although (Hernandez-
Herrero et al, 1999) reported that,
Staphylococcus aureus was not identified as an

indigenous flora of fish culture and in fish
hunting from clean water. (Eltom 1989) found
that the most commonly encountered bacterial
genera in Fessiekh fermentation were Bacillus,
Staphylococcus and Micrococcus. Bacillus and
Micrococcus have also been reported to be
present in fermented fish in many countries of
South East Asia (Saisithi et al., 1966, Goja 1993,
Ahmed et al., 2010) Mackie et al., 1971; Hassan
et al., 1972; Goja, 1993; Ahmed et al. , 2010;
Goja, 2013)

The viable bacteria counts of commercial
Fessiekh presented in (Table 4), were significantly
higher (p<0.05) when compared to the laboratory
prepared samples at different salt concentrations
(Table 5).

Table (4): Total viable bacterial counts (cfu/g) and commonly isolated bacteria from commercial fessiekh

Days Viable bacterial counts (cfu/g) Dominant microorganisms
0 3x10* Micrococcus luteus

5 21x10° Micrococcus luteus

10 21x10° Micrococcus luteus

15 20x10° Staphylococcus aureus
20 15x10° Micrococcus luteus

25 12x10° Staphylococcus aureus
30 12x10° Micrococcus luteus

Table (5): Comparison between viable bacterial counts (cfu/g) of commercial and experimental fessiekh at different salt

concentrations during the study.

Salted fish (fessiekh) Mean of viable count T- Test Sign
Hydrocynusspp 20% salt 2714.29 3111

Commercial fessiekh 13285.71 ' ok
Hydrocynusspp 25% salt 1428.57 3550

Commercial fessiekh 13285.71 ' ok
Hydrocynusspp 30% salt 785.71 3741

Commercial fessiekh 13285.71 ' ok
** High significant differences

According to (Sugumar et al., 2004)unhygienic CONCLUSION

handling is one of the main factors contributing to
poor quality of fish in the retails; this could be due
to the quality of fish used for Fessiekh, and the
amount of salts added and the techniques used in
commercial production. No yeast or mould was
detected in our fresh and salted samples.

From the results, it may be concluded that the
total viable bacterial counts of Hydrocynus
froskalii after salting were decreased due to the
course of salting. It was seen that the main factors
affecting fessiekh quality are related to the
amount of salt used for the process. The final
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quality can be largely attributed to the effect of
various conditions upon the fermenting agents
and activities. Commercial fessiekh samples
contained  higher  microbial load  than
experimentally prepared products. Therefore,
strict control measures are recommended to be
applied for producers, and a good guidance
should be provided for household producers.
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Abstract: This study aimed at determining the prevalence of anti- Brucella antibodies in small
ruminants in Al- Jabal Al- Akhdar area, Libya. Nine regions were selected for the investigation
(Al- Goba, Al- Wasata, Side Kahled, Lamloda, Al-Hesha, Marawa, Al-Gagab, Gandola and Ain
Mara). Seroprevalence was assayed using the Rose — Bengal Plate Test (RBPT). Four hundred
blood samples were collected randomly from 247 sheep and 153 goats with a history of abortion
and reproductive disorders, during the period from January 2015 to June 2016. Approximately
10 ml blood sample was taken from each animal, in vacutainers. Serum samples were separated
and subjected to examination by the RBPT. Samples showing visible agglutination within 4
mins. were regarded as positive for anti- Brucella antibodies. Data were analyzed statistically by
the Chi- square test using the SpSS software, at p < 0.05 level of significance. Out of the 400
ovine and caprine sera tested, 125 (38%) were positive for anti — Brucella antibodies by the
RBPT (Table 3). The rate of seropositivity was higher in goats (69.3%) than in sheep (18.6%)
(Table 2). There were variations in seroreactivity from different regions. For instance, sera from
Al- Hesha and Gandola exhibited 100% positivity, whereas those from both species in Al- Gagab
were remarkably sero-negative (0%) (Table 3). Striking differences were shown by the sera from
Gandola and Ain- Mara. Where all the caprine sera from Gandola were positive for anti —
Brucella antibodies, all the 18 sera from Ain- Mara were serologically negative. Serum reactivity
from both goats and sheep in other regions ranged between 60 and 83.3% in goats and 11.5 and
23.3% in sheep (Table 3). It can be concluded that the prevalence of anti- Brucella antibodies is
high in small ruminants of Al- Jabal Al- Akhdar, Libya and may indicate a possible existence of
Brucellosis in goats and sheep.

Keywords: Rose Bengal test, Small ruminants, brucellosis.

INTRODUCTION infertility, retained placenta, endometritis

Brucella is a Gram - negative facultative intracellular
organism responsible for a variety of disease
conditions and has a zoonotic significance.
Brucellosis is caused by bacteria of the genus
Brucella and is reported worldwide causing abortion,

females and to a smaller extent, orchitis, and
infection of the accessory sex glands in males
(Mustafa et al., 2011). Ten species are recognized
within the genus Brucella. There are six
‘classical’ species: B. abortus, B. melitensis, B.
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suis, B. ovis, B. canis and B. neotomae and other
four species have been recognized more recently
(Atluri V.L. et al, 2011). Brucellosis is a
worldwide re-emerging zoonosis that causes
severe disease in humans, with non-specific
clinical signs affecting numerous organs (Seleem
etal., 2010).

Contact with infected animals, ingestion of
contaminated animal products and handling of
Brucella isolates in laboratories are risk factors.
Brucellosis in livestock and humans is still
common in the Middle East, Asia, Africa, South
and Central America, the Mediterranean Basin
and the Caribbean. B. melitensis is particularly
common in the Mediterranean basin, and it has
also been reported from Africa, India, and Mexico
(Kassahun et al., 2010). Ovine brucellosis can be
divided into classical brucellosis and ram
epididymitis. Ram epididymitis is caused by non-
zoonotic agent B. ovis, while classical brucellosis
is caused by B. melitensis and constitutes a major
public health threat equal to caprine brucellosis
(Acha and Szyfres 2003). About 500,000 new
human cases of brucellosis are reported annually
worldwide making it the most common zoonosis
(Seleem et al., 2010). Status of the disease in
small ruminants in a country can be known only
through  effective = sero-monitoring  using
serological tests and random sampling methods
for the disease. The economic importance of
brucellosis in sheep and goats requires the use of
sensitive and rapid diagnostic methods.

Diagnosis of B. ovis and B. melintensis infection
is based on clinical examination, serological tests,
biotechnological techniques, and cultural isolation
(Webb et al., 1980). The laboratory isolation and
identification of Brucella organisms are the most
reliable methods of diagnosis but are not always
successful. And they are not practicable in terms
of time and labor for field and laboratory
personnel when large numbers of animals are
involved and also cumbersome and pose a great
risk to the laboratory personnel. The
biotechnological procedures require trained
persons and the establishment of advanced
laboratories. Consumption of unpasteurized milk

and milk products from cows, small ruminants or
camels is considered to be the main route of
infection as well as an occupational hazard
(Almuneef et al., 2004). In the North African
region, as in sub-Saharan countries, social and
economic factors play a major role in the spread
of brucellosis (Makita K et al., 2008). Brucellosis
is considered to be endemic in Libya (Pappas et
al., 2006), although little information is available;
previous studies are limited to food-producing
animals such as cattle and goats (Gameel et al,,
1993) and reports of human brucellosis in Libya
are limited to a few cases (Tiller et al., 2009).

MATERIALS AND METHODS

Study area

A total of 400 blood samples were randomly
collected from nine different regions of Libya (Al-
Goba, Al- Wasata, Side Kahled, Lamloda, Al-
Hesha, Marawa, Al-Gagab, Gandola and Ain
Mara); 247 samples from sheep and 153 samples
from goats (Table 1). The samples were collected
during the period from January 2015 to June
2016.

Serum sample collection and submission
Approximately 10 ml of blood was collected from
each animal using a Vacutainer and needle. The
sample containers were tilted horizontally,
overnight at room temperature to allow clotting.
Serum from each animal was decanted into a
single sterile cryogenic vial, labeled and
transported to the laboratory of clinical pathology,
Omer Almukter University, for investigation. The
sera were stored at —20°C until tested.

Samples

A total of 400 serum samples of small ruminants
comprising 247 from sheep and 153 from goats
(Table 1), having the history of abortion and
reproductive disorders like endometritis, retention
of placenta, infertility and repeat breeding, were
randomly collected from nine different locations.
All the serum samples were tested for the
presence of Anti-Brucella antibodies by using the
serological test Rose Bengal Plate Test (RBPT).
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Table (1): Samples distribution from different regions in Al- Jabal Al- Akhdar , Libya.

Animal No. Regions

species  samples Al- Goba Al- Wasata Sidi Khaled Lamluda Al-Heisha Mrawh Al-Gagab Qandula  Ain Mara
Sheep 247 139 23 0 30 6 26 5 0 18

Goats 153 45 30 10 9 6 20 0 8 25

Total 400 184 53 10 39 12 46 5 8 43
RBPTprotoc

The RBPT (Cromatest, Spain) was performed
according to the procedure described by Alton et
al., .(1988). To perform the test, antigen and
serum were thawed and then brought to room
temperature. The bottle containing antigen was
shaken well to ensure homogenous suspension.
Then, one drop (0.03 ml) of serum sample and
one drop of antigen were put on the same slide
using different micropipettes and mixed
thoroughly using a spreader. The slide was rotated
for 4 min. and observed immediately. Then after
further 4 min. for results, a result was considered
positive when there was noticeable agglutination
after 4 min.

Data analysis

All data were analysed by Chi—square test, using
the SPSS statistical software. All statistical tests
were conducted at p < 0.05 level of significance.

RESULTS

The sero-prevalence of brucellosis in small
ruminants is summarized in (Table 2). A total of
400 serum samples (from 247 sheep and 153
goats) were collected and tested. Of the 400 ovine
and caprine sera tested, 152 (38%) were positive
for Anti-Brucella antibodies by RBPT. Rates of
seropositivity were higher in goats (69.3 %) than
in sheep (18.6%) (Figure 1). Consequently, the
incidence rate of brucellosis based on RBPT
showed a high percentage of positive reactors in
the overall prevalence of Brucella seropositivity
among goats.

Table (2): Prevalence of Anti-Brucella antibodies in small
ruminants species assayed by the Rose Bengal test, Libya.

Animal Animals Seropositive  Proportion of posi
species  tested animals animals
Goats 153 106 69.3 %
Sheep 247 46 18.6 %
Total 400 152 38%

80 1

60 -

W Pasitive
0 B Nepative
10 - 7
0 T i
Sheep Gooats

Figure (1): Prevalence of Anti-Brucella antibodies in small
ruminants species assayed by the Rose Bengal test, Libya.

Test sera from Al-Hesha and Gandola
municipalities showed the highest seropositivity
(100%), whereas test sera from both species in Al-
Gagab exhibited remarkable seronegativities by
the RBPT (0%). It is worth mentioning that only 5
ovine samples from Al- Gagab were collected and
investigated. Striking differences were exhibited
by the caprine sera from Gandola and Ain- Mara.
Where the caprine samples from Gandola showed
100% seropositivity, all the 18 ovine sera from
Ain-Mara were serologically negative compared
to 52% positivity by the 25 caprine samples from
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the same region. It is also noticeable that the 6
caprine serum samples from Al-Hesha were 100%
positivity whereas the 6 ovine samples from the
same area gave 50% seropositivity. Serum

reactivity from both goats and sheep from other
regions ranged between 60 - 83.3% in goats and
11.5 - 23.3% in sheep (Table 3) (Figure 2).

Table (3): The incidence rate of Brucellosis among small ruminants at different regions in Al- Jabal Al- Akhdar , Libya.

Number of samples Positivity of samr.

Animals Species

Region Goats (153) Sheep (247)
No % No % No Pos % No Pos %

Al- Goba 184 46% 56 304% 45 28 62.2% 139 28 20.1%
Al- Wasata 53 133% 30  56.6% 30 25 833% 23 5 21.7%
Side Kahled 10 25% 7 70% 10 7 70% 0 0 0%
Lamloda 39 9.6% 14  359% 9 7 77.8% 30 7 23.3%
Al-Hesha 12 3% 9 5% 6 6 100% 6 3 50%
Marawa 46 115% 15 326% 20 12 60% 26 3 11.5%
Al-Gagab 5 13% 0 0% 0 0 0% 5 0 0%
Gandola 8 2% 8 100% 8 8 100% 0 0 0%
Ain Mara 43 10.8% 13 233% 25 13 52% 18 0 0%
Total 400 100% 152 38% 153 106 69.3% 247 46 18.6%

100

80 1

60 A

40 - B Positive

3 - 0 Negative
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Figure (2): The incidence rate of Brucellosis among small ruminants at different regions in Al- Jabal Al- Akhdar , Libya.
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DISCUSSION

The prevalence of brucellosis observed in small
ruminants in Al-Jabal Al-Akhdar in Libya was
lower than most values reported in other African
countries. This may be attributed to the low level
of intensification, breed differences, flock size
and composition, or the tests used to make the
diagnosis. Brucellosis is a worldwide zoonotic
disease that is recognized as a major cause of
heavy economic losses to the livestock industry
and poses a serious human health hazard (Ocholi
et al., 2005). In the present study, Table (2)
shows the incidence of brucellosis among small
ruminants in Al-Jabal Al-Akhdar in Libya by
using RBPT. The incidences of brucellosis were
693 % and 18.6 % in goats and sheep
respectively.

A local serological survey at the Al Jabal al
Gharbi University in the western mountains
region in 1997 found that 8.5% of sheep and
28.4% of goats were positive for brucellosis
(Elarbi 1997). The obtained result was nearly
similar to that recorded by Samaha et al., .(2009)
but lower than that reported by Ali and
Mahdey.(2010), Holt ef al., .(2011) and DaSilva
et al., .(2014). A higher seroprevalence in goats
than in sheep has also been described by other
authors (Gargouri et al., 2009), Prevalence values
between two- and fourfold higher in goats have
been described in Eritrea (Omer et al, 2000),
East Morocco, Tunisia and Egypt (Benkirane
2006) and Nigeria (S.I.B. et al, 2006), and
between one and two-fold higher in Sudan, the
United Arab Emirates (Benkirane 2006) and in
Kenya (Ndarathi and Waghela 1991). In other
countries, a higher prevalence has been detected
in sheep. For example, Somalia (Andreani et al.,
1983), Jordan (Benkirane 2006) and Oman
(Ismaily et al, 1988). Programs and control
measures have been undertaken in many
countries in North Africa and the Near East (e.g.
Egypt and Kuwait) (Samaha et al, 2009).
However, underreporting and under diagnosis of
other food-borne pathogens are problems around
the Mediterranean (Gargouri et al, 2009),
particularly in North African countries where

communication with local authorities 1is
problematic and most of the available information
is unpublished or limited to seminars and
workshops (Refai 2002).

Generally, goats are more susceptible to Brucella
infection than sheep, and this could be partly due
to the fact that sheep excrete the organism for
shorter periods compared with goats. This may
reduce the potential for spread of the disease
within and between sheep flocks (Radostits et al.,
2000). The prevalence and severity of disease
may vary with the breed, geographic location,
type of diagnostic test, husbandry and
environmental factors (Amin et al, 2005).
Another interesting result of our study is that
individual seroprevalence was significantly higher
in goats than in sheep. Our results are consistent
with others reported by Coelhoa and
Coelho.(2013) who found that goats are more
susceptible to the infection than sheep. However,
these results are in contrast with (Reviriego et al.,
2000). In addition, the results from this study
indicate that Brucellosis is more prevalent in
Gandola (100%) followed by Al-Hesha (75 %)
than in other investigation districts (Table. 3).

The difference in infection rates between
different districts in  Al-Jabal Al-Akhdar
governorate may be due to the difference in
applied management in each area, failure, or
absence of vaccination program in some herds.
Differences between the prevalence of Brucellosis
obtained in this study and those obtained by other
authors may be attributed to various factors such
as the season during which this study was
performed, the area from which animals were
examined, as well as the evolutionary changes in
the animal husbandry which affect the rate of
exposure and the different serological tests used
confirmed by bacterial isolation.

CONCLUSION

Brucellosis is still a major disease of worldwide
distribution. There are many factors involved in
both human and animal brucellosis that make the
control and eradication of this disease an
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important challenge. We conclude that in Al-
Jabal ~ Al-Akhdar in Libya, Brucellosis
seroprevalence is high in small ruminants. Our
data highlight the need for further researches,
including the isolation and characterization of the
causative agents, reliable epidemiological studies
and the need to implement a transparency policy
and effective control measures in Libya. Today,
we have very powerful tools to fulfill the
requirements: excellent serological methods, very
effective immunogens and an overall knowledge
of the pathogenesis of this disease.
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Effects of Glomus intraradices on the drought resistance and growth of corn
plant (Zea mays L.)
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Abstract: A pot experiment was carried out at the greenhouse of Faculty of Agriculture (Saba
bacha), Alexandria University. The experiment was conducted to investigate the role of Glomus
intraradices fungi in the effects on the growth and water requirement of pot-grown corn (Zea
mays L.). Four water regimes (20%, 30%, 40% and 50% of the available soil water content) were
conducted. The Arbuscular Mycorrhizal Fungi AMF inoculation could significantly increase
plant growth (including plant height, leaf area, and fresh and dry mass), enhance relative leaf
water content, transpiration rates and stomatal conductance, and improve plant drought tolerance.
The water consumption of the mycorrhizal plants producing 1 g of dry matter was 20%—-35% of
water content conditions. These findings indicate that the mycorrhizae enhanced the water

utilization efficiency.

Keywords: G. intraradices, corn plant (Zea mays L.), drought resistance.

INTRODUCTION

Glomus can be associated with the roots of most
plants and can strongly impact water retention
properties and the subsequent drought responses
of its hosts. Previous work indicated that
mycorrhizal associated citrus rootstocks exhibited
higher root hydraulic conductivity than non-
mycorrhizal plants, resulting in enhanced drought
resistance ((Graham and Syvertsen 1984). The
effects of The Arbuscular Mycorrhizal Fungi
(AMF) on water absorption and utilization in
apple, cherry and birch-leaf pear trees were
studied under normal water status and drought-
stressed conditions(Liu and Luo 1988, Liu 1989a,
b, Wu et al, 2006). Under normal water
conditions, AMF enhanced the relative leaf water
content and transpiration rates and decreased
stomatal resistance in apple and cherry trees.
Under drought conditions, AMF also enhanced
stomatal conductance, transpiration rate and
relative leaf water content, and decreased leaf
water potential and the permanent wilting point.

When mycorrhizal and non-mycorrhizal plants
were watered under continuous drought
conditions, the pressure inflation of mycorrhizal
plants recovered fast and the plants exhibited an
enhanced  growth  compared  with  the
nonmycorrhizal plants(Liu and Luo 1988, Liu
1989a, b, Kaya et al., 2003, Pinior et al., 2005,
Wu et al, 2006). Plant growth Promoting
rhizobacteria (PGPR) may also contribute to
drought amelioration(Rubin et al., 2017). Corn (Z.
mays L) is an important crop and one of two
sources for cereal flour used in the world for
making bread. For example in Egypt, the average
area of corn in 1999 was 1.648 million feddan
which produced 5.438 million tons. Although
Corn is relatively drought-resistant (ACSRT,1999),
regular access to water sources ensures adequate
corn production. Previous research indicated that
AMF could improve drought resistance in different
plants. In the current study, Corn seedlings were
used to study the mechanism underlying drought
tolerance and water retention in seedlings inoculated
with AMF under various soil water content
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conditions. The findings here provided a rationale
cause for applying mycorrhizae to cereal flour.

MATERIALS AND METHODS

The mycorrhizal inoculum, (Glomus
intraradiaces) used as stock culture prepared
from Faculty of Agriculture., Ain Shams
University of Cairo. Seeds of corn (Zea mays L)
were surface-sterilized for 3 min in 0.1% HgCl,
solution, then washed three times in water and
soaked for 24 h in water at 40°C. Seeds were
subsequently germinated at 28°C in an incubator.
Water tests were conducted in plastic test pots,
each containing 3 kg of sandy loam and has the
following general properties: pH, 8.00; organic
matter, 2.34 g kg™ ,the available nitrogen content
was 45.22 mg kg'available P, 3.5 mg kg soil.
The procedures used for soil analysis were those
described by(Page and Page 1982). In this soil,
the maximum water holding capacity was 16%.
All soil samples were steam-sterilized at 121°C
for 2 h. Water control began after the seeds were
sown. The eight treatment groups included
inoculated or non-inoculated seeds maintained in
soil with water content controlled at 20%, 30%,
40% or 50% of the available water. All
experiments were conducted in a greenhouse in
the specimen garden at Agriculture faculty (Saba
bacha), Alexandria University.

The mycorrhizal treatments were carried out by
adding 50g of inoculum per pot of these
treatments which was placed below the seeds.
Non Mycorrhiza treatments received the same
quantity of autoclaved inoculums.(Khan et al.,
2003) Inoculum (50g) was consisted of external
mycelium, spores and colonized roots mixed with
soil. Five of corn seeds were sown in each pot.
After the seeds sprouted, two plants were selected
from each pot based on their growth level. During
the experiment, the evaporated water per pot was
measured daily by weighting pots, and the young
seedlings were provided with a specific amount
of water so that the water content in the soil was
maintained at 20%, 30% 40% or 50% of the
available water, respectively. After 60 days, the
plants were harvested. Root samples for

determination of root colonization with AM fungi
were cleared with 10% KOH and stained with
0.05% trypan blue in lactophenol as described by
(Phillips and Hayman 1970), and microscopically
examined for AMF colonization by determining
the percentage of root segments containing
arbuscules and vesicles using a gridline intercept
method(Giovannetti and Mosse 1980).

The plant height, the number of leaves, the
fresh and dry weight of leaves, shoots, and
roots per pot were measured. Leaf water
saturation deficits were calculated by the
saturation water content method. (Baker,
2010), transpiration rates and stomatal
conductance were measured by a photosynthesis
surveying instrument (Dutra et al, 1996). The
content of proline in leaves was measured with a
Daojin UV-120 spectrometer (Pinior et al,
2005). Water requirement (ml) was calculated
through measuring the water consumption
yielding 1 g of dry matter plants per pot.

Statistical analysis

Data were subjected to analysis of variance using
the ANOVA procedures according to (Snedecor
and Cochran 1972) Statistical significance was
determined at P < 0.05.

RESULTS AND DISCUSSION

The AM fungi root colonization was noted in roots
of cormn, No colonization occurred in non-
mycorrhizal corn seedlings. In the AM-inoculated
plants, 96% of roots were colonized when the water
content of the soil was at 50%of the available water.
When the water content decreased, the percentage of
AMF colonization likewise decreased. Specifically,
the AM colonization of plants at 20% of the
available water was less than that of plants at 30%,
40% and 50% of the available water (Table 1). The
percentage of colonized seedlings remained above
76.8%. These results indicate that when corn
seedlings are inoculated with G. intraradiaces,
they are highly susceptible to colonization. These
findings are consistent with the previous
conclusion from field studies reporting a high
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natural occurrence of AMF mycorrhizal fungi in
Malus hupehensis plant(Liu 1989a).

This colonization by AM fungi may explain, in
part, the ability of corn plant to resist the damage
of stressed conditions. The plant height, the
number of leaves, and the fresh weight and dry
weight of mycorrhizal-inoculated plants were
greater than those of the non-mycorrhizal-
inoculated plants grown under the same soil water
content conditions (Tables 2 and 3). Thus, the
mycorrhiza significantly promoted corn seedling
growth. The growth of mycorrhizal plants grown
at 20% of the available water did not differ
significantly from the growth of non-mycorrhizal
plants grown at 30%of the available water. When
compared with the non-mycorrhizal plants, the
dry weight of mycorrhiza plants increased by
78%, 100% 121% and 150% at soil water contents
of 20%, 30%, 40% and 50%of the available water,
respectively.

Table (1). Mean percentage of mycorrhizal colonization in
corn seedlings under various treatment conditions

The available

Inoculation Water content Mycqrr hl.z al
. colonization/%

of s0il/%

20% 76.8¢
Glomus 30% 82.6b
intraradiaces

40% 95.2a

50% 96.1a

20% 0
non- 30% 0
inoculated

40% 0

50% 0

Table (2). Effect of fungi on the growth of corn seedlings
under various soil water contents

The available

Inoculation water content  Plant height/cm Numbers
. leaves
of s0il/%
20% 8.69d 10.20c
Glomus 30% 14.32¢ 13.65b
intraradiaces 409, 16.40b 14.12b
50% 19.20a 16.84a
20% 6.74¢ 6.43d
o aied | 30% 7.96d 7.87d
40% 10.12f 9.89¢
50% 11.85f 10.34¢

Mycorrhizal plants can significantly increase corn
seedlings growth. When the soil water content
was at 20% of available water, the mycorrhizal
plant dry weight was 78% of the weight of non-
mycorrhizal plants. Moreover, when the soil water
content was 50% of available water, the
mycorrhizal plant dry weight was 150% of the
weight of non-mycorrhizal plants. This effect of
mycorrhiza on the growth of corn seedlings is
more effective than its impact on the growth of
other plants such as peach and Avena sativa(Khan
et al., 2003). The fresh weight and the dry weight
of mycorrhizal plants grown under the condition
of 20% of available water were not significantly
different from the weights of non-mycorrhizal
plants grown in that of 30% and 40% water
content.

Mycorrhizal corn seedlings required less water
than the non-mycorrhizal plants to produce 1 g of
dry matter. Specifically, when compared with the
non-mycorrhizal plants, mycorrhizal plants
required less water at 20%, 24%,28% and 35%of
available water when grown in soil with a water
content of 20%, 30% , 40% and 50%of available
water , respectively (Fig. 1). These findings
indicate that the mycorrhizae enhanced the water
utilization efficiency. Leaf water saturation
deficits in the mycorrhizal plants were lower than
in the non-mycorrhizal plants grown under identical
water content conditions.

Proline is an osmoregulatory key element in plants
experiencing conditions of water stress. Under some
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conditions, various plants produce a large amount of
proline to enhance osmosis and prevent dehydration.
Thus, the quantity of proline produced can reflect
the degree of water stress(Pinior et al., 2005). Our
results in table (4) shows that concentration of
proline in leaves increased as the soil water content
decreased. Furthermore, proline concentrations in
the mycorrhizal plant leaves were significantly
lower than in the non-mycorrohizal plant leaves.
These results suggested that the quantity of
proline in corn leaves increased as the water
content of the soil decreased. When grown under
the same water conditions, mycorrhizal plant
leaves contained less proline than the non-
mycorrhizal plant leaves. Thus, under the same
degree of water deprivation, the mycorrhizal
plants are less physiologically stressed than the
non-mycorrhizal plants. Notably, when the soil
water content was 40% or 50%of available water,
the stomatal conductance in the mycorrhizal
plants was significantly higher than that in the
non-mycorrhizal plants. When the soil water
content was at 20%of available water, the
stomatal conductance in mycorrhizal plants was
still higher than that in the non-mycorrhizal
plants, but the difference did not reach
significance. Furthermore, when compared with
the non-mycorrhizal plants grown under the same
water content conditions, the mycorrhizal plants

exhibited higher transpiration rates (Table 4).
Stress from dehydration can cause stomata close,
and a decrease in stomatal conductance and
transpiration rates in leaves, which may prevent
the roots from absorbing and transporting
water(Kaya et al, 2003). This may eventually
result in a decrease in the dry weight of plants.
Our study indicated that mycorrhizae may
improve stomatal conductance, transpiration rates
in leaves and biomass, and significantly enhance
drought tolerance in corn seedlings. Findings in
the current study suggest three mechanisms by
which mycorrhizae enhance drought tolerance in
plants. First, hyphae can absorb soil water
directly. Under drought-stressed conditions,
hyphae can utilize the soil water that is not
accessible by the roots. Thus, the water supply to
the plant is improved and effectively enhancing
drought tolerance. Second, hyphae can absorb
nutrients including phosphorus, zinc and many
other elements. In this way, plant nutrition can be
improved, and plant growth can be increased
likewise. Ultimately, the mycorrhizal plants have
more roots capable of absorbing water. Finally,
mycorrhizae can regulate the balance of internal
hormones in plants to indirectly influence water
metabolism in the affected plant (Murakami-
Mizukami et al., 1991, Dutra et al., 1996, Lu et
al., 2007).

3204 310,5

300
200
100
0 B |
3

water requirment (ml) /g

o

BAM- =AM+

400,76 407.6

The available water content of soil %o

561,67

478,13

| 362,3
3421 |

40 50

Fig. (1) The amount of water required to produce 1 g of dry matter in AM and non-AM corn seedlings grown in the soil water
content of 20%, 30%,40% and 50%; respectively
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Table (3).Effect of AM fungi on the biomass of corn seedlings under various soil water contents (gpot™)

The available Leaf Shoot Root
Inoculation water content of Plant DW
soil/% FW DW FW DW FW DW
g g 20% 4.19% 2.01d 2.31d 1.76d 6.22d 2.71e 6.48¢
§ § 30% 8.26¢ 3.46¢ 4.35c 3.05¢ 15.52¢ 7.00¢c 13.51c
§. 40% 12.01b 5.24b 5.92b 4.18b 26.40b 10.63b 20.05b
50% 13.65a 6.54a 7.11a 5.42a 31.22a 14.20a 26.16a
E' é 20% 2.31g 1.34¢ 1.65¢ 1.21d 2.56de 1.09f 3.64f
g: I 30% 3.66f 1.76e 2.95d 1.87d 4.63d 3.12¢ 6.75¢
& 40% 4.22¢ 2.60d 3.01d 1.96d 6.15d 4.50d 9.06d
50% 6.33d 3.31c 5.22¢ 3.06¢c 7.33d 4.11d 10.48d

Table (4). Effect of AM fungi on water physiology of corn seedlings

. The available Leaf waterSaturation Concentration of Stomatal conductance Transpiration
Inoculation water content o o 0 2 2
. deficit/% proline in leaves/% /(mmol.m™ s™) rates/(mmol - m™“s™)
of s0il/%
Q
§ 20% 13.06b 0.056b 25.23b 2.11b
&
i~ 30% 10.13b 0.032c 46.86a 3.40a
I
1)
§ 40% 7.39¢ 0.027c 50.72a 4.11a
S-
§ 50% 5.67c 0.016cd 53.62a 4.62a
20% 32.54a 0.320a 14.70b 1.68c
=
=]
E. 30% 15.56b 0.082b 21.68b 2.32b
=
(=
,% 40% 9.63b 0.067b 23.63b 2.67b
o
&
= 50% 6.34c 0.046bc 26.12b 2.89b
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Abstract: This study aimed to test the effect of hydrocortisone sodium succinate drug on blood
serum components and kidneys tissues in white rabbits.The experiment included 30 male rabbits
weighing between 1500-2500g. They were divided into 4 control and treated groups, for different
periods of time, depending on the duration of injection. Treatment of the rabbits with
hydrocortisone dose of 10 mg/kg daily did not lead to change in the weights of rabbits treated for a
week. Non significant increase occurred in the weights of rabbits treated for two weeks and treated
gradually, but in sudden treated group a non significant decrease in rabbits weights was recorded in
comparison with their weights before injection .A significant increase in the concentration of urea,
creatinine, total serum protein, albumin, sodium and potassium ions after treatment for a week, but
a significant reduction was noted in the concentration of urea and no significant difference was
noted in the concentration of creatinine, sodium and potassium ions after treatment for two weeks.
While there were a significant increase in the total serum protein and albumin after two weeks of
treatment. Noting that, in the suddeny treated group, the biochemical parameters did not change
compared to that present in the two weeks treated rabbits. While, in the gradually treated group,
most of the biochemical parameters returned to their normal values. Histological examination of the
renal cortex showed acidophilic material accumulated in the lumina of some distal convoluted
tubules in the group treated for two weeks. The renal medulla also showed the presence of the same
material inside the collecting tubules in the both treated groups. With the increase of the duration of
treatment; the intracytoplasmic vacuoles appeared in many of the cells lining the collecting tubules.
The same histopathological changes were observed in the kidneys of rabbits that their treatment was
suddenly stopped, as well as the group that their treatment was gradually stopped, but these changes
became low in the last group.

Keywords: hydrocortisone, kidney, physiological, histological, rabbits.
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Abstract: In this study, the antagonism effect of P. oligandrum against some plant pathogenic fungi
such as A. ocharcenus, B. cinerea, F. oxysporum, F. solani, R. solani and S. sclerotiorum was studied.
By using dual culture and poisoned plates techniques. Direct confrontation between the colonies of P.
oligandrum and all pathogenic fungi resulted in an inhibition their growth. The results of the activity
fungus filtrate at different concentrations indicated to the radial growth inhibition of all pathogenic
fungi at all concentrations of the antagonist filtrate, and increased the inhibition with concentration
increase.
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