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Potential evaluation of Saccharomyces cerevisiae
strains from alcoholic fermentation of mango pulp

Cosme Dami&o Barbosa'’, Inayara Cristina Alves Lacerda? and Evelyn de Souza Oliveira?

'Department of Technology and Inspection of Animal Products (DTIPOA), Veterinary School, Federal University of
Minas Gerais, Av. Presidente Antbnio Carlos, 6627, Campus Pampulha, Belo Horizonte, 31 270- 90, Brazil.
2Departament Food, Faculty of Pharmacy, Federal University of Minas Gerais, Av. Presidente Antbénio Carlos, 6627,
Campus Pampulha, Belo Horizonte, 31 270-90, Brazil.

Received 9 July, 2015; Accepted 13 October, 2015

The fermentation characteristics of different strains of Saccharomyces cerevisiae isolated from sugar
cane musts for the production of cachaca (Brazilian sugar cane spirit) and from beer musts were

analyzed based on the kinetic parameters of alcoholic fermentation

in  mango pulp. The

commercial pressed baker’s yeast was used as a standard inoculum. The results show that the
yeast strains tested from sugar cane must and beer must had low fermentation performance
when inoculated into mango pulp. They did not meet the selection criteria for fermentative cultures,
such as productivity, efficiency, ethanol yield and ethanol production. It is observed that the
commercial pressed baker’s yeast showed greater adaptability in the mango must than the other

yeasts.

Key words: Alcohol fermentation, industrial microbiology, mango, yeast.

INTRODUCTION

Fruit fermented beverages are promising products due to
the tendency of their consumer acceptance as showed in
researches, and to their contribution to the reduction in
postharvest losses of perishable fruits (Sandhu and
Joshi, 1995). The consumer market is becoming
increasingly exigent about product quality, which places
the food industry under pressure with regard to the
adequacy and improvement of its products. The search
for improvements becomes evident, for instance, in
studies that aim to improve yeast strains in order to
make the fermentation process more effective and
productive. Saccharomyces cerevisiae used in the
fermentation process to obtain alcoholic beverages

must present some essential features, such as high
yield, high ethanol tolerance, quick conduction of
fermentation in order to prevent contamination by other
micro-organisms, balanced production of secondary
compounds and to be easily removed at the end of
fermentation (Oliveira, 2001).

Oliveira et al. (2005) evaluated different yeast strains
for the production of cachaga, a Brazilian sugar cane
spirit. From their observations, it was found that there
are significant differences between the fermentation
potential among different strains of S. cerevisiae and
that the ethanol yield was the most important factor in the
differentiation of the strains. Brazil is the world's largest

*Corresponding author. E-mail: barbosacosme@yahoo.com.br. Tel: 55 31 9228 8302.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
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producer of fruits and the Northeast region is the
country’s biggest producer. The northern part of the
state of Minas Gerais produced 41,951 tonnes of
mangoes of the varieties Palmer and Tommy Atkins.
However, several factors act negatively on the flow
and efficient allocation of mangoes production and
therefore postharvest losses represent a significant
portion of this production. Various techniques are being
developed and used in order to increase the postharvest
life of the fruit as well as to allow its full use. Among
these techniques is fermentation, which is a highly viable
alternative for developing new products and adding
value. It is an efficient and low-cost technology that has
become one of the alternatives to the use of the fruits.
It also represents a new branch for horticulture industry
and a tool for the development of new beverages
(Chitarra and Chitarra, 1990; Silva et al., 2007; Asquieri
et al., 2008; Banco do Nordeste, 2008).

This research was carried out to evaluate and
compare the potential in a laboratory-scale mango pulp
fermentation of seven strains of S. cerevisiae (LCO3,
LCO6, LCO7, LC17, UFMG 1007, UFMG 1031 and
UFMG 905) from sugar cane musts for the production
of cachaga and from musts used in the production of
beer, compared with S. cerevisiae cells from commercial
pressed baker’s yeast.

MATERIALS AND METHODS
Microrganisms and preservation

In the fermentation tests, eight strains of S. cerevisiae were used.
Among these strains, one was isolated from commercial pressed
baker's yeast. The other strains were isolated and identified by
the Laboratory of Taxonomy, Biodiversity and Biotechnology of
Fungi, Department of Microbiology, Institute of Biological Sciences,
UFMG, and coded as LCO03, LCO06, LC07, LC017, UFMG 905,
UFMG 1007 and UFMG 1031. Yeast cells of S. cerevisiae from
commercial pressed baker's yeast were used as a standard,
because they have already shown good fermentation results in fruit
musts, such as banana (Lara, 2007; Alvarenga et al., 2011) and
mango (Alvarenga et al., 2013) in previous studies conducted
in the Laboratory of Industrial Microbiology and Biocatalysis
(LAMIB), Department of Food, Faculty of Pharmacy, UFMG. All the
yeast strains were maintained in GYMP Broth at -80°C covered with
a thin layer of sterilized mineral oil in order to avoid air contact.

Inocula preparation

For the preparation and standardization of inocula, all of the strains
were streaked on the surface of the culture medium yeast
extract—-malt extract - YM agar (malt extract 0.3%, yeast extract
0.3%, peptone 0.5%, 1.0% glucose, 2.0% agar) containing 0.02%
of chloramphenicol in a Petri dish. After 48 h incubation at 30°C,
the same cultures were resuspended in saline solution (0.85).
To standardize the initial number of cells, the parameter used was
inocula turbidity determined by reading absorbance at 600 nm
with a spectrophotometer (Femto). The suspensions were
prepared aseptically with colonies progressively diluted in saline
solution until absorbance of 0.7, which corresponds to an

Barbosa et al. 881

inoculum of 108 cells per ml.

Must preparation

The mango pulp was enzimatically hidrolized using Pectinex Ultra
SP (0,025%) with enzimatic activity of 4000 PG. The must was
composed of a 1:1 mixture of sterile distilled water and pulp,
adjusted to 18 ° Brix with a solution of commercial sucrose and
initial pH value of 4.5. The must was pasteurized (65°C for 30
min).

Laboratory-scale fermentation

The tests were performed in triplicate in 250 ml Erlenmeyer flasks,
containing 100 ml of must inoculated with 10 ml of the
suspension with the concentration of yeast cells previously
standardized. The flasks were incubated in orbital shaker at 30 *
2°C for 24 h and 150 revolutions for minute. For the analyses,
samples of the musts were taken immediately after inoculation
and after fermentation. The samples were centrifuged at 1006 g
for 15 min.

Analytical methods

The final product obtained from fermentation were analyzed for the
determination of total reducing sugars (TRS) by the method
described by Miller (1959); alcohol content (°GL) with the
methodology described by Salik and Povoh (1993); total
titratable acidity (TTA), density and pH according to the
methodologies of Adolfo Lutz Institute (IAL, 2008).

Calculation of the kinetic parameters

In order to determine the kinetic parameters of fermentation with
the use of different strains of the yeast S. cerevisiae, the
following values were calculated: ethanol vyield (%), yeast
efficiency, productivity (g. L™ h™), the conversion factor of
substrate into product (Y p/s), rate of substrate consumption (g. h™)

and rate of TRS conversion (%).

Ethanol yield

The ethanol yield was determined by the amount of ethanol
formed in relation to the theoretical quantity, through the
conversion of sugars present in the must. It obeys the
stoichiometry in which the expected amount of ethanol is calculated
considering that 1 g of TRS produces 0.511 g of ethanol,
expressed in percentage.

Efficiency

The efficiency of the fermentation expresses the ethanol
production in relation to the theoretical production according to
the content of sugar determined in the must. It determines the
efficiency of the conversion of fermentable sugars (TRS) into
ethanol, expressed in percentage.

Ethanol productivity

The ethanol productivity expresses the mass of ethanol
produced (g) volume (l) in the fermentation medium per unit of
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time (h). It allows the determination of the rate of transformation
of fermentable sugars (TRS) into ethanol.

Conversion factor of substrate into product (Y p/s)

The conversion factor of substrate into product (Y p/s) is the

relationship between product formation and substrate consumption.
It is based on the stoichiometry of the reaction in which 1 g of
sugar will produce 0.511 g of ethanol.

Rate of substrate consumption

The rate of substrate consumption determines the rate at which the
sugar is consumed by the yeast for the production of biomass
and by-products such as ethanol. It is expressed in grams of sugar
consumed per unit of time (g. h™).

Rate of substrate conversion

The rate of TRS conversion determines the amount of reducing
sugars consumed in relation to the total of available sugars in the
fermentation medium. It is expressed in percentage (%).

Data analysis

The data were statistically analyzed using the Analysis of
Variance (ANOVA) followed by the Tukey Multiple Comparison

test (p < 0.05) using the software SPSS Statistic 19®.

RESULTS AND DISCUSSION

The Table 1 presents the mean of the kinetic and
physic-chemical  parameters  obtained for the
fermentation tests. Table 2 presents data comparing
three yeasts used in this study with data from the
fermentation of banana pulp. The fermentation tests with
different strains of S. cerevisiae showed low values for
the parameters analyzed, except the one from the
commercial pressed baker's yeast. The parameter
efficiency was not statistically different from the
commercial yeast for the strains LC03, LC06, LCO7
and LC17. Once the yeasts were not able to fully
consume the fermentable sugars by converting them to
ethanol, all other parameters that are based on the
conversion of substrate (sugar) contained in the must
into product (ethanol) were compromised (Table 1).
Fermentation carried out with the commercial yeast
differed from the fermentation with the other strains of
S. cerevisiae analyzed, presenting higher rates for
ethanol content (5.81 g. L'l), ethanol yield (70.20%),
efficiency (92.90%), ethanol productivity (0.24 g. L™ h'l) ,
rate of TRS conversion (78.60% ) and rate of substrate
consumption (0.510 g. h'l). The values obtained were
close to those reported by Alvarenga et al. (2011) that
examined the potential of different strains of S.
cerevisiae for the fermentation of banana pulp. The
fermentation of mango pulp using the commercial

pressed baker's yeast did not differ statistically from
the strains LC03, LC06, LCO7 and LC17 regarding the
conversion factor of substrate into product. The rate
of substrate consumption (0.510 g. h™) differed
statistically from other strains, except for the strain
UFMG1007. When comparing the rate of TRS
conversion, there is no statistical difference between
the strains UFMG 1007, UFMG 905 and the commercial
yeast.

Oliveira et al. (2001) analyzed the fermentative capacity
of different yeast strains on synthetic medium with a
glucose concentration of 150 g. L™ In that study,
yeasts were classified into distinct groups based on the
analyzed parameters such as ethanol yield (%) rate of
TRS conversion (%), efficiency (%) the conversion factor
of substrate into product (Y p/s), among others.
Regarding the Y p/s parameter, the authors classified the
yeasts into three groups: very high level when the
yeasts presented Y p/s values from 0.491 to 0.510 g.
g™ high level with values from 0.451 to 0.490 g. g*; and
mid-level with Y p/s ranging from 0.420 to 0.450 g. gt
According to this classification, the Y p/s of the yeasts
from the commercial pressed baker’s yeast (0.470) used
in the present study (0.470) is considered high.

The strains UFMG 905 and UFMG 1007 were also
analyzed in other studies. Alvarenga et al. (2011) used
these strains for the fermentation of banana pulp (Table
2). Oliveira et al. (2001) used the same strains while
analyzing the fermentation characteristics of different
yeast strains on synthetic medium containing glucose.
Silva et al. (2006) studied the kinetic parameters of these
strains of S. cerevisiae, including flocculation capacity.
studied the production of volatle compounds by
these yeasts isolated from cachaca distilleries.
Furthermore, Marini et al. (2009) did a comparative
study including these strains among others of S.
cerevisiae as starter cultures for the traditional and
industrial production of cachaca. The values for the
kinetic parameters found in the present study were
lower than those reported by Alvarenga et al. (2011).
In general, in both the current study and the one
conducted by Alvarenga et al. (2011), the parameters
evaluated in the fermentation of banana pulp with yeast
strains UFMG 905 and UFMG 1007 were lower when
compared to commercial yeast.

The results obtained for Y p/s and ethanol productivity
were lower than those reported by Marini et al. (2009)
and Silva et al. (2006) for the strains UFMG 1007 and
UFMG 905, respectively. For the strain UFMG 1007, the
authors reported values of Y p/s of 0.391 + 0.007 and
ethanol productivity of 6.19 + 0.00 g. L™.h™ and for the
strain UFMG 905, Y p/s of 0.439 and ethanol productivity
of 6.85 g. LYh™ It is important to emphasize that
efficiency takes into account the content of ethanol
produced in relation to the amount of TRS consumed,
while the vyield is calculated by the ratio between the
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Table 1. Mean values of physico-chemical and kinetic parameters obtained from fermentation tests.
Strains Ethanol' TRSf* TAS pH¢ VYield® Effic® Produc.” Yp/s® Conv.s/p.® Conv.TRS
LCO3 216"  10.71* 0.28 3.93* 25.70° 74.80%°  0.09°  0.380%° 0.24° 34.85°
LCO6 2.00° 10.62° 026" 3.86" 24.12° 71.90*°  0.08°  0.390%° 0.23° 34.72°
LCO7 233" 10.81% 0.27° 3.71% 27.27°° 77.90™  0.10°  0.400*° 0.25° 35.50°
LC17 220" 1163 0.17° 3.69 25.60° 83.84%  0.09°  0.430® 0.22° 30.83°
UFMG 1007 293 611" 023° 360° 3523° 5650  0.12°  0.290™ 0.42%° 62.43%
UFMG 905 221" 734" 034* 3.77° 26.50° 48.95°  0.09°  0.250° 0.38° 55.05%°
UFMG1031 2.60°  7.00° 0.29° 3.87° 31.12° 5505™  0.10°  0.280" 0.38° 56.90"
Commercial yeast  5.81° 3.94° 031° 3.69° 70.20° 92.90% 0.24° 0.470% 0.51° 78.60°

Means followed by the same letters in the same column do not differ by Tukey multiple comparison test (p < 0.05); 1, Ethanol (g; L™); 2,
final content of total reducing sugars (g; L™); 3, titratable acidity (g; L™); 4, hydrogenic potential (pH); 5, yield in ethanol (%); 6, efficiency
(%); 7, productivity in ethanol (g; L™ h™;); 8, conversion factor of substrate into product; 9, rate of substrate conversion (g; h™); 10, rate of

TRS conversion (%).

Table 2. Comparison of parameters: ethanol production, efficiency and ethanol yield of fermentations conducted with the strains
UFMG 905, UFMG 1007 and commercial pressed baker’s yeasts compared with existing data on the fermentation of banana pulp.

Parameters
Strains Ethanol (g. L™) Efficiency (%) Yield in ethanol (%)
Banana Mango Banana Mango Banana Mango
pulp pulp pulp pulp pulp pulp
UFMG 905 5.64 221 76.82 48.95 73.69 26.46
UFMG 1007 5.68 2.93 76.53 56.74 73.90 35.23
Commercial yeast 7.84 5.81 96.41 92.89 94.06 70.17

ethanol obtained and the ethanol expected considering
the initial TRS content in the must. This explains why
the efficiency values are higher than yield values. The
parameters ethanol production, efficiency and ethanol
yield in fermentations conducted with the strains
UFMG 905 and UFMG 1007 in this study were lower
than the ones reported by Alvarenga et al. (2011).
These results may be due to differences between the
musts since the author used banana musts in his
tests, while in this study the mango must was used.
However, the fermentation conducted with commercial
pressed baker's yeast showed similar values to those
reported by the author.

The vyield is based on the hourly quantity of ethanol
produced, reflecting directly on the efficiency of the yeast
in transporting the carbohydrates found in the must
(glucose, fructose, sucrose and others) to the interior of
its cell. Alvarenga et al. (2011) points out that productivity
is excellent aspect for selection of yeasts, the higher the
values, the more suitable the yeast is for the
fermentation process. The strains from sugar cane
must and beer must used in the present study had low
fermentation performance when inoculated into mango
pulp and did not meet the selection criteria for
fermentative cultures, such as productivity, efficiency,
ethanol yield and ethanol production. The results

showed that the commercial pressed baker’'s yeast had
greater adaptability in mango must than the other
strains. Due to this fact, the commercial pressed
baker's yeast was selected for obtaining mango wine.
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Mucuna sloanei is an annual leguminous plant widely used among the various ethnic groups in Nigeria.
The effects of aqueous M. sloanei seed extract on the body weight and some biochemical parameters of
48 normal male Rattus novergicus (albino rats) were investigated for 28 days. The rats were divided into
control group (A) which received distilled water and treatment groups (B, C and D) that received oral
administration of 100, 200 and 400 mg/kg body weight of the seed extract, respectively. Each group was
further divided into three replicates of four rats each. Blood samples were collected before the
experiment started (week 0) and at weekly interval from one rat per replicate. The biochemical profiles
were determined using bioassay. The lethal dose (LDsg) of the aqueous seed extracts of M. sloanei may
be above 5000 mg/kg, since no death occurred at that dose. The overall change in body weights of
treated rats did not differ significantly (P>0.05) from those of the control and were not dependent on
treatment duration. However, there was a significant decrease (P<0.05) in alanine aminotransferase
(ALT) level at the lowest dose of 100 mg/kg when compared with the control. Also, there was no
significant difference (P>0.05) in the mean values of AST from weeks 1 to 4 when compared with the
control except at the dose level of 400 mg/kg which showed a significant decrease (P<0.05) at week 4.
Similarly, a significant decrease (P<0.05) was observed in the mean serum urea at the dose levels of 100
and 200 mg/kg and BUN at 200 and 400 mg/kg at week 1, and creatinine at dose levels of 200 and 400
mg/kg in the third week of administration when compared with the control. This study indicates that the
aqueous M. sloanei seed extract could have some hepato and nephro-protective properties.

Key word: Mucuna sloanei, aqueous seed extracts, liver markers, kidney markers, albino rats.

INTRODUCTION

Mucuna sloanei, commonly called the ‘Horse-eye’ or (Obochi et al., 2007). The seeds are used as source of
‘Hamburger’ bean, is an annual leguminous plant widely vegetable oil, condiment or thickener of soup by Igbo
used among the various ethnic groups in Nigeria (Obute, communities in sub-Saharan Africa (Afolabi et al., 1985;
2010). It is known in various places as, ‘ukpo’ by the Ibos; Ukachukwu et al., 2002). Ukachukwu and Obioha (1997)
‘karasuu’ by the Hausas; ‘yerepe’ by the Yorubas stated that some rural populations of Nigeria consume

(Nwosu, 2011) and ‘ibabat’" by the Efiks of Nigeria seeds of M. sloanei during the period of scarcity of other
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common legumes. The M. sloanei seeds have protein,
carbohydrate, crude fat and fiber contents (Akpata and
Miachi, 2001) as well as a very rich amino acid content
(Ojiako et al., 2012). They also contain many important
bioactive substances such as L-3, 4-
dihydroxyphenylalanine (L-DOPA) (Rai and Saidu, 1977,
Adebowale et al., 2005), which has been reported to be a
potent precursor of the brain neurotransmitter, dopamine
(Hornykiewicz, 2002; Kostrzewa et al., 2005; Nagatsua
and Sawadab, 2009). They have also been reported to
contain important phytochemicals such as alkaloids,
phytic acid, tannins, flavonoids, haemoglutinin and
oligosaccharides (Obute and Adubor, 2007). Similarly,
lectin from M. sloanei seeds has been reported to have
an effective and suitable cell receptor signal inducer due
to its ability to agglutinate blood cells of humans, goat,
cow and chicken (Obochi et al., 2007). Whereas the Efiks
in Nigeria claim that the consumption of seeds of M.
sloanei lowers libido in men (Obochi et al., 2007), a
recent study has shown that the methanolic extract of M.
sloanei seeds has positive effects on sex hormones and
sperm count in males (Egwurugwu et al., 2012).
Nutritional and anti-nutritional characteristics and
metabolisable energy of M. sloanei seeds has also been
reported (Ekwe et al., 2016). Ejere et al. (2015) evaluated
the effects of aqueous extracts of M. sloanei seed on
haematological parameters of normal Wistar rats and
discovered that the plant seed has no harmful effects on
the haematological parameters investigated.

Despite the aforementioned medicinal values of this
important food condiment, there is paucity of information
regarding its effects on liver and renal function of
experimental animals as well as the possible risks
associated with its consumption by humans. The present
study was therefore initiated to provide information on the
effects associated with the oral consumption of aqueous
extracts of shade dried de-hulled M. sloanei (Fabaceae)
on body weight and some biochemical profile of albino
rats (Rattus novergicus).

MATERIALS AND METHODS
Collection and preparation of M. sloanei crude seed extract

Dried and mature nuts of M. sloanei were purchased from local
markets around Nsukka metropolis. The seeds were identified at
the herbarium of the Department of Pharmacognosy and
Environmental Medicine, University of Nigeria, and a voucher
specimen (UN/PCOG/12/1164) was deposited in the same
department. They were de-hulled, dried at room temperature and
pulverized into fine powder using a milling machine. The method of
extraction followed that of Akintayo et al. (2000). A total of 100 g of

the powdered sample was introduced into 2000 ml flat bottom flask

and 1500 ml of distilled water was added. The content was mixed

thoroughly and left for about 24 h with an occasional shaking to
increase the extraction capacity. Thereafter, the soaked substance
was filtered with a muslin clothe (number 60 mesh size) and
concentrated to dryness. The solid extract was weighed and re-
dissolved in normal saline according to the body weights of the
animals for oral administration.

Procurement and management of experimental animals

Forty-eight adult male albino rats weighing 167.3 to 189.0 g were
obtained from Genetics and Animal Breeding Laboratory of the
Department of Zoology and Environmental Biology, University of
Nigeria, Nsukka. The rats had no history of drug consumption. They
were kept in stainless wire-rat cages equipped with drinkers and
fecal collecting trays, in a clean and fly proof experimental animal
house. The rats were fed commercial growers chick mash (18%
crude protein) made by Vital Feeds Nigeria Limited and clean
drinking water, and acclimatized for 14 days before the start of the
experiment. All the animals were maintained under the standard
laboratory condition for temperature, humidity and light throughout
the experiment and were allowed free access to food and water.
The fecal droppings in the tray were removed daily. The
experimental rats were handled in strict compliance with
international guidelines as prescribed by the Canadian Council
on the Care and Use of Laboratory Animals in Biomedical
Research (1984).

Experimental design

The procured rats were assigned into four groups (A, B, C and D) of
12 rats per group. Each group was further replicated 3 times
comprising of 4 rats each. The rats in group A (Control) were fed
normal rat feed and 1 ml/kg body weight of normal saline ad libitum.
On the basis of the toxicity result, the treatment groups B, C and D
were administered in addition to the normal rat feed and water, 100,
200 and 400 mg/kg body weight of the agueous seed extract,
respectively. All the doses were administered once daily orally for
28 days (four weeks) for all the groups using 1 ml syringe without
needles.

Collection of blood sample

About 5 ml of the blood samples was collected from each of the
anaesthetized rats using the retro orbital plexus as described by
Hoff (2000) and allowed to clot for about 30 min and centrifuged at
2000 rpm for 10 min. This was done at baseline (Week 0) and at
weekly intervals during treatment (weeks 1 to 4).

Determination of body weights

The body weights of the individual rats were determined before the
beginning of the experiment (day 0) and subsequently during
treatment before collection of blood samples on days 7, 14, 21 and
28 using an electronic balance (Metller, PC 2000).

Determination of LDsg

This was determined according to the method of Lorke (1983).
Three groups (A, B and C) of 3 mice each were used for this
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Table 1. Effects of different treatments of the aqueous seed extract of M. sloanei on body weight, BW (g) of albino rats.

Concentrations

Duration (days)

(mg/kg) 0 7 14 21 28

Control 181.7+11.85 197.7+19.34* 213.0+16.09* 213.3+20.67* 244.7+21.06
100 167.3+6.70 185.0+11.59%? 203.049.64%7 207+19.43%2 236.0+18.88%°
200 189.0+15.10* 227.0+32.90* 220.0+23.76™ 234.3+17.03* 210.7+19.41%
400 181.3+16.37* 205.7+20.54% 218.7+23.92* 220.0+12.34% 236.0+32.30

Values with different alphabetic (lower case) superscripts differ significantly (P<0.05) between different concentrations within the same exposure
duration. Similarly, values with different numeric superscripts differ significantly (P<0.05) between different exposure periods within the same

concentration.

experiment. The plant seed extract dissolved in normal saline (0.85
g/mol) was orally administered to the mice in doses of 1000, 3000
and 5000 mg/kg in groups A, B and C, respectively. The number of
animals dead within 24 h after oral administration was recorded for
each group. The lethal dose was calculated as the arithmetic mean
of the dose that killed the least number of animals and the one next
to lower dose that did not kill any animal.

Determination of biochemical parameters

Alanine transaminase (ALT) and aspartate aminotransferase (AST)
activities were determined using the standard method described by
Reitman and Frankel (1957). The blood urea, blood urea nitrogen
(BUN) and creatinine (CREAT) levels were determined according to
the methods of Weatherburn (1967), Bartels and Bohmer (1972)
and Kaplan (1965), respectively.

Ethical approval

The experimental animals were handled in strict compliance with
international guidelines as prescribed by the Canadian Council
on the Care and Use of Laboratory Animals in Biomedical
Research (1984).

Statistical analysis

Data accumulated was analyzed using the GENSTAT (VSN
International, Hemel Hempstead, Herts, UK). One-way ANOVA was
used to test the effect of treatment and two-way ANOVA was used
to determine the interactive effects of treatment and duration.
Fisher's least significant difference (F-LSD) was used in the
separation of means of the different treatment groups. All results
were expressed as mean * standard error of mean (SEM), while
values were considered significant at P< 0.05.

RESULTS
Acute toxicity test

The oral LDg, of the aqueous seed extract in the rats
showed no mortality at the different doses of 1000, 3000
and 5000 mg/kg. However, in the rats administered 5000
mg/kg dose, physiological side reactions such as
shivering, bulging of eyes and dullness were observed.

Effects of aqueous extracts of M. sloanei on body
weight of albino rat

Table 1 shows the weekly effects of the seed extracts of
M. sloanei on the body weight (BW) of the albino rats.
There was no overall significant difference (P>0.05) in the
BW of the treated rats when compared with the control. It
was also observed that this non-significant difference
(P>0.05) was independent of the dosage and duration of
treatment. However, the body weights of the treated
animals increased minimally from the value at day O as
the duration of treatment increased, while that of the rats
administered 100 mg/kg increased significantly (P<0.05)
from days 14 to 28 when compared with the control.

Effects of agueous extracts of M. sloanei on ALT and
AST of albino rats

The results of the weekly effects of the aqueous seed
extracts of M. sloanei on some hepatic enzymes of the
albino rats are presented in Table 2. There was no
significant difference (P>0.05) in overall dose and
duration in the serum ALT and AST levels of the rats
administered the various doses when compared with the
control. However, wavelike variations were noticed in the
serum activities of both enzymes among the dose levels
in some weeks. Whereas the ALT serum levels of the
rats administered 200 and 400mg/kg significantly
increased (P<0.05) in days 21 and 28, the serum AST
levels of the rats that received 200 and 400 mg/kg
significantly decreased (P<0.05) in day 28 from the value
in day 21 when compared with the control.

Effects of agueous extracts of M. sloanei on kidney
markers of albino rats

The results of the analyses carried out on the blood
samples obtained from adult albino rats for the
determination of urea, blood urea nitrogen (BUN) and
creatinine levels before and on weekly intervals during
the seed extract administration are shown in Table 3.
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Table 2. Effects of different treatments of the aqueous seed extract of M. sloanei on ALT and AST of Albino rats on weekly basis.

Treatment Duration (days)
Parameter
(mg/kg) 0 7 14 21 28
Control 41.3+3.32% 58.0+8.02% 65.0+4.73% 72.745.78% 87.7+5.36™
ALT (UIL) 100 49.9+7.51% 45.7+9.13%! 65.7+7.36* 62.7+6.77* 61.3+8.57*
200 40.6+0.67* 39.745.67% 49.3+4.41% 89.3+7.54% 90.0+1.53"
400 46.4+1.16% 65.7+8.41" 51.7+5.61%* 77.7+11.68% 81.3+7.84%?2
Control 11.93+1.17* 20.17+3.44% 24.43+0.47* 32.00+3.04% 40.67+9.24"
AST (UIL) 100 19.13+0.32" 15.33+2.49% 21.83+4.48% 25.00+2.57% 24.67+2.59%
200 12.60+1.55% 13.00+5.80% 18.33+4.28% 43.17+6.34 32.17+4.92%1
400 10.27+0.09% 18.17+3.61% 19.33+3.01* 30.33+4.21% 21.33+3.84*

Values with different alphabetic (lower case) superscripts differ significantly (P<0.05) between different concentrations within the same exposure
duration. Similarly, values with different numeric superscripts differ significantly (P<0.05) between different exposure periods within the same
concentration. Results are expressed as Mean + SEM.

Table 3. Effects of the aqueous seed extract of M. sloanei on some nephrotic enzymes of Albino rats on weekly basis.

Duration (days)

Parameter Treatment (mg/kg)
0 7 14 21 28
Control 21.2+0.44" 26.5+2.01" 35.0+7.88% 42.1+5.63* 34.2+521%
UREA (mg/di) 100 20.710.30?13 18.14;1.32: 36.519.50:‘; 40.918.3122 32.911.66‘1213
200 19.2+0.19 20.9+0.89 30.0+3.79 39.5+6.20 26.8+3.11
400 20.1+0.29* 28.5+2.46™ 35.2+6.42% 32.6+2.40* 29.3+3.50*
Control 11.93+1.17% 20.17+3.44% 24.43+0.47* 32.00+3.04* 40.67+9.24
BUN (mg/d) 100 9.93¢0.2oai’)1l 12.37J_ro.94:112 16.3313.6922 19.97¢2.90§2 16.00i2.43:
200 10.20+0.66 8.47+0.61 17.00+4.41 19.73+3.21 15.37+0.77
400 8.97+0.07* 9.77+0.42" 14.00+1.77% 19.27+3.72% 12.57+1.45%
Control 2.30+0.40* 0.28+0.12%* 0.67+0.24% 2.46+0.96™ 0.68+0.27*
CREAT (mg/d) 100 2.37+0.70* 0.24+0.11%"* 0.50+0.30%* 2.50+0.57™ 0.90+0.85
200 2.60+0.21% 0.430.12% 0.42+0.29% 0.27+0.12* 6.30+4.14"
400 2.90+0.79%*? 0.09+0.03™ 1.03+0.49%!2 0.36+0.22% 4.07+2.52°%3

Values with different alphabetic (lower case) superscripts differ significantly (P<0.05) between different concentrations within the same exposure
duration. Similarly, values with different numeric superscripts differ significantly (P<0.05) between different exposure periods within the same

concentration. Results are expressed as Mean + SEM.

There was no significant difference (P>0.05) in overall
dose dependence observed in the serum urea, blood
urea nitrogen and creatinine levels in all the weeks when
compared with the control. However, some forms of
minimal variations were observed at certain dose levels
of the nephrotic enzymes on a weekly basis. Whereas a
significant decrease (P<0.05) was obtained in the serum
urea levels of the rats at dose levels of 100 and 200
mg/kg in week 1, the effects of duration of treatment of
the varying doses on the mean urea values showed a
marked decline in the fourth week of treatment. In the
same vein, a significant decrease (P<0.05) in the BUN
levels was observed in the rats given the dose level of
100 mg/kg in week 1 when compared with the control.
The effects of duration of treatment of the varying doses

on the mean BUN values of those animals treated with
aqueous M. sloanei seed extracts also showed a marked
decline in the fourth week of treatment. Similarly, a
significant decrease (P<0.05) was observed in the serum
levels of creatinine at the dose levels of 100 and 400
mg/kg in week 3 when compared with the control. The
effects of duration of treatment of the varying doses on
the mean creatinine values of the animals treated with
200 and 400 mg/kg also exhibited some fluctuations from
weeks 1 to 4.

DISCUSSION

The possible effect of aqueous extracts of M. sloanei



seed on body weights and some biochemical parameters
of normal albino rats were investigated for a total of 28
days. LDsy of aqueous M. sloanei seed extract showed
that although at a dosage of 5000 mg/kg no death
occurred, though cage side behaviors such as shivering,
bulging of eyes as well as dullness were observed in the
rats. This present report suggests that the extract was
tolerated and is therefore relatively safe for consumption.
This observation corroborated that of Ejere et al. (2015)
who observed no lethal effects of M. sloanei aqueous
extract on albino rats after 24 h at a high dose of 5000
mg/kg. Contrarily, it disagreed with Egwurugwu et al.
(2012) who recorded lethal effects of the methanolic M.
sloanei seed extract at a dose level of 3,872.98 mg/kg in
experimental rats. This discrepancy aptly calls for more
studies to fully unravel the true identity of the Mucuna
species involved.

Data obtained in the present work showed that the
aqueous M. sloanei seed extracts exhibited a dose and
duration independent non-significant difference in the
body weights of the treated animals in all the weeks
(Table 1). In addition, there was a progressive minimal
non-significant increase in the body weight of the rats
administered the various doses of the extract as the
duration of treatment progressed. The absence of a
significant effect on body weights of the animals is an
indication that the extract did not adversely affect the
body size of the animals and as such may not be
considered a good anti-obesity agent (Ashafa et al.,
2011). On the other hand, the ability of the seed extract
to minimally increase the body weights of the treated
animals must be taken seriously. This is indicative of the
seed extract’s tendency to cause increases in weight with
increasing dosage and duration of administration.
Therefore, there is need to further investigate the safe
concentration levels of this important food condiment in
Nigeria as several studies have indicated the possibility
that high doses of plant extracts could lead to life
threatening public health diseases (Ene-Ojo et al., 2013;
lieh and Agbo, 2006; ljeh and Ukweni, 2007; Mehrdad et
al., 2011).

The importance of blood chemistry profiles in relation to
nutrient intake has been reported (Church et al., 1984).
Serum levels of ALT and AST which are the two
diagnostically important transaminases have not only
been used as good bio-indicators of the functionality and
cellular integrity of the liver but as well, to assess the
functional health status and the internal environment of
the organism (Rehman et al., 2006; Sood, 2006;
Lavanaya et al., 2011). Normally, an elevation in their
serum levels may be indicative of an inflammation or
damage to the hepatocytes or liver dysfunction (Edwards
et al., 1995; Sood, 2006) especially whenever the liver
undergoes such pathological conditions as cirrhosis or
subjected to abnormal onslaught that accompany the
presence of toxins or usage of some drugs (Nyblom et
al., 2004; Crook, 2006). The fact that the extract had no
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significant effect on the serum levels of these liver marker
enzymes (Table 2) is an indication that it had no negative
interaction on the hepatocytes and as such did not
increase the activities of the lysosomes. In addition, the
extract interaction with the animal appeared to have not
caused any damage to the mitochondria nor did it affect
the membrane permeability of the liver cells, thus not
inducing any form of damage to the morphology of the
liver (Crook, 2006). This view corroborates an earlier one
on another Mucuna species at Nsukka. Odoh and
Osadebe (2010) reported that aqueous extracts of
Mucuna flagellipes seeds did not have any significant
effect on the serum chemistry of albino rats.
Nevertheless, the extract’s ability to cause minimal non-
significant increases in the serum levels of both enzymes
is very instructional. This may also be an indication of the
extract’'s potentiality to gradually manifest its harmful
tendencies in a dose and duration dependent fashion.
This is believable because the difference in value
between the observed least ALT (39.7+£5.67 U/L) and the
highest (90.0+1.53 U/L) level in the treated rats was
greater than the normal ALT range (10 to 40 U/L) in man
(Chernecky and Berger, 2008). Similarly, the observed
difference in value between the least (13.00+5.80 U/L)
and highest serum AST (43.17+6.34 U/L) level was
greater than the AST range (14 to 20 U/L) obtained for
human males (Chernecky and Berger, 2008).

The minimal non-significant reduction in AST activity at
week 4 in all the treatment groups is nonetheless very
important. This may be an evidence of the extract’s ability
to improve hepatic functions following prolonged
administration or, it could be an indication that the effect
of the extract may be self-limiting. On the other hand, it
may be that the extract is metabolizable into less toxic
substances by the liver or as a result of the extracts high
content of bioactive constituents like flavonoids which
have been reported to have anti-oxidative -effects
(Middleton, 1996).

Furthermore, many dietary supplements may not be
harmful; some have been associated with nephrotoxicity
while others have the potential to do so (Thomson et al.,
2002). Usually, an elevation in serum urea and BUN
levels presupposes renal dysfunction as a result of
kidney damage. The observed lack of overall dose
dependent significant difference in the serum urea and
blood urea nitrogen (BUN) levels (Table 3) when
compared with the control, suggested that the M. sloanei
seed extract was not harmful to the kidney function, but
may in some degree confer positive effect on waste
excretion in the rats. It seems plausible that the seed
extract on reaching the end tract of the collecting tubules
minimally decreased urea re-absorption. Similarly, it is
possible that there was no increased tissue protein
catabolism or excess breakdown of blood protein
resulting in increased urea excretion by the kidney
(Nduka, 1999; Adepoju and Odubena, 2009). Since urea
is the major nitrogen-containing metabolic product of
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protein catabolism, the significant reduction in the mean
serum urea at the dose levels of 100 and 200 mg/kg and
BUN at 200 and 400 mg/kg of M. sloanei at week 1 may
be attributed to an impairment in the urea cycle leading to
reduced production of the metabolic product (Yakubu et
al., 2003). This is indicative of an abnormality in the
physiological excretion of urea caused by a non-renal
factor which is the seed extract in this study. This
observation corroborates the findings of past reports
using other Mucuna species. Adepoju and Odubena
(2009) working on Mucuna pruriens reported a significant
decrease in the serum urea levels of rats fed different
doses of the plant extract. Odoh and Osadebe (2010)
also observed that the aqueous seed extracts of M.
flagellipes had no significant effect on the serum
chemistry of albino rats when compared with the control.

Creatinine is a major catabolic product of protein
metabolism in the muscle tissue usually excreted by the
kidneys. Serum urea is also used as an indicator of the
renal functional ability (Aliyu et al., 2006). The lack of an
overall dose dependent significant difference coupled
with a dose independent significant decrease in the
serum creatinine levels at 200 and 400 mg/kg in the third
week of administration when compared with the control
suggests that the aqueous extract may have therapeutic
effects on the renal system. That is, the M. sloanei seed
extract did not impair the functioning renal tubular mass
vis-a-vis its regulatory functions. Nevertheless, the
observed sudden sharp increases in the fourth week of
the rats administered 200 (6.30+4.14 mg/dl) and 400
mg/kg (4.07+2.52 mg/dl) far above the serum creatinine
value (0.5 to 1.3 mg/dl) for humans (Mehrdad et al.,
2011) is very worrisome. Although, an experimental
default in the analysis is strongly suspected, it may
nonetheless tend to suggest the possibility of some kinds
of renal toxicity which may be exacerbated with increase
in the dosage and duration of administration. However,
since several studies (Ene-ojo et al., 2013; ljeh and
Agbo, 2006; ljeh and Ukweni, 2007; Mehrdad et al.,
2011) have indicated the possibility that the usage of high
doses of plant extracts could lead to acute renal failure,
there is need to further investigate safe concentration
levels of this important food condiment in Nigeria.

Conclusion

Conclusively, in as much as the domestication and
utilization of underutilized legumes as inexpensive and
elegant source of protein is commendable in developing
countries, care must be taken in their consumption. Data
collated and reported in the present study tend to show
that moderate consumption of M. sloanei seeds could be
beneficial to human health. Although, the seed extract
could have hepato-protective ability in the long run, it is
doubtful if it can be a good anti-obesity agent. It is also
noteworthy that its nephro-protective ability may be fully
realized when moderately consumed. This calls for

further studies to fully harness the beneficial properties of
this food condiment which is a delicacy in most homes in
developing countries. Nevertheless, further work should
be done to ascertain the safe concentration of this
important food condiment for consumption in Nigeria
following prolonged administration. This will go a long
way to assess its stability and suitability in clinical trials.
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Temperature stress is becoming the major concern for plant scientists worldwide due to climate
change. Temperature stress has devastating effects on plant growth and metabolism. The aim of the
study was to investigate the effect of climatic seasonal change on the yield and composition of
essential oil of the plant, Achillea fragrantissima. The gas chromatography-mass spectrometry (GC-MS)
used to analyze the essential oil collected during dry and wet seasons revealed it has 25 compounds.
The major compounds were santolina alcohol (5.31), camphor (4.3), and cedrene (9.01) during winter
months, while the percentages of a-cubebene (17.1%), spathulenol (1.54) and globulol (5.2) were
highest during summer season. The analysis of essential oil in the two seasons revealed that there are
different amounts and composition of essential oils. The antioxidant activity of the essential oil of the
plant shows higher activity of ICsq 0.11+0.01g/L and Ecsg 0.25+0.02 g/L during winter than in summer.
However, the reducing capacity of standard substances used (ascorbic acid and a-Tecopherol) were
0.033£0.001 and 0.93+0.07 g/L for DPPH and 0.091+0.002 and 0.026+0.002 g/L for FRAP method,
respectively. These results showed that A. fragrantissima is a natural source of active compounds, and
antioxidant properties, and the difference in chemical composition leads to changes in the antioxidant
activity of the plant, which contributes to seasonal change.

Key words: Achillea fragrantissima, antioxidant, seasonal vibration, essential oil.

INTRODUCTION

Gebel Elba is a mountain of south-eastern Egypt. This
mountain range is considered a continuation of the
granitic formation of the Red Sea highland complex
between Egypt and Sudan. It is situated between 36 and
37° of the eastern longitudes and about 22° of the
northern latitude. The flora of this area comprises
hundreds of species of plants.

Gebel Elba receives a vast majority of its precipitation as
mists that form the Oasis on the upper areas of the
mountains. The mountain tops get 400 mm of rainfall
during the year and the surrounding area gets notably
less. To cope with this problem some of the plants have
evolved to uptake water from their leaves from the mists
that lay over the area. There is no real watershed in
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Gebel Elba because any water that escapes the oasis
quickly evaporates or soaks into the sands. In aromatic
crops photoperiod, intensity of light, temperature and
season of harvesting have profound influence on
terpenoid composition of those crops (Voirin et al., 1990;
McGimpse et al., 1994)

According toBrant et al. (2008), plant species
belonging to the same botanical family do not present a
similar behavior based on the environmental conditions.
As one of the many factors that may influence the
characteristics of essential oils, climatic variations that
occur in a year have been the focus of many researchers
attempting to identify the most appropriate time of the
year for optimal extractions in terms of yield and/or
compound concentration. When the set of climatic factors
in seasonal climates with two well-defined seasons is
modified, these variations act on the plants and generally
alter their metabolism (Scherer, 2007).

Lawlor (2002) reported that the growth and metabolism
of plants have optimum temperature limits for every
species. The growth, development and productivity of
plants that are continuously exposed to environmental
stimuli are affected. High temperature, insufficient light,
and water deficiency all are factors that negotiate plants’
productivity (Lawlor, 2002).

El Zalabani et al. (2017) reported that the essential olil
yield of Artemisia monosperma during summer was
higher than that detected in plants grown in Libya during
winter, where the essential oil yield was 0.16% v/w. This
higher yield of essential oil is related to plant growth and
its ability to survive under drought condition. Plants which
grow under this condition can adapt due to their ability to
accumulate chemical compounds (El Zalabani et al.,
2017).

Achillea fragrantissima, Asteraceae family is a common
plant in the Mediterranean region and easily found
growing in fields and on roadsides. It contains a high
percentage of flavonoids, tannins, volatile oils, sterols
and triterpenes; it contains unsaturated amides and
sesquiterpene lactones. Achillea was highly valued as a
medicinal plant for its antiseptic properties. It was used to
cover cuts and sores and hasten scar tissue formation.
Its clinical uses are not described (Nemeth and Bernath,
2008).

The present work attempts to study the effects of
seasonal variation on biomass, essential oil yield,
chemical composition, and antioxidant of essential oil of
the plant, A. fragrantissima which grows widely in Gebel
Elba, in 2017.

MATERIALS AND METHODS
Area of study

The Gebel Elba mountainous group is one of 3 coastal mountains
in the south-east corner of Egypt that faces the Red Sea, extending
between latitude 24° 50'N and 22° N on the Sudano-Egyptian
border. A wide coastal desert plain separates the Gebel Elba
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mountain range from the Red Sea coast. Although not the highest
in its group, Gebel Elba is nearest to the sea (20-25 km), as
described by Monier and Kadry (2006).

Climate of the study area

Monier and Kadry (2006) reported that the area of the study lies in
the arid climatic province; its rainfall ranges between 50 and 10 mm
year™ in spring; it has mild winter (18-22°C) and hot summer (28-
33°C). As for its geographical position and peculiar set of
environmental conditions, Gebel Elba receives greater water
revenue from orographic precipitation than the other northern
blocks.

Plant material

Flowering aerial parts of A. fragmentissima (Figure 1) were
collected from wild population in Gebel Elba, Hlayeb Region, in
2017, during two seasons: dry season (summer) and wet season
(winter). The plants were identified in Desert Research Center,
Cairo Egypt; voucher specimens were deposited in the Herbarium
of Desert Research Center.

Sample preparation

The fresh aerial parts of A. fragmentissima (50 g plant powder)
were extracted by percolation with a mixture of n hexane- ether
(1:1, viv). The solvents were removed subsequently under reduced
pressure (Elsharkawy et al., 2013).

Fresh and dry weight analysis

For fresh weight the plants were uprooted and washed to remove
surface adhered soil particles and wrapped in blotting papers. Dry
weight of the plants was recorded after drying them at 80°C for 24 h
in hot air oven.

GC-MS analysis

The constituents of the volatile oils obtained from the n-hexane-
ether extracts were analyzed by GLC and GC-MS as reported
previously (El-Shazly et al., 2002). Compounds were identified by
comparison of their retention indices (RI) (C9 to C24 n-alkane
mixture) and mass spectra with those reported in the literature
(Merfort et al., 1994; Cavalieri et al., 2004; Adams, 1995).

Antioxidant activity

To evaluate the antioxidant activity of essential oil of A.
fragmrntissima in the two seasons (summer and winter), its
scavenging activities on DPPH radicals were tested. DPPH test is a
direct and reliable method for determining radical scavenging
action. The DPPH radical contains an odd electron, which is
responsible for the absorbance at 515 to 517 nm and also for a
visible deep purple color. When DPPH accepts an electron donated
by an antioxidant compound, the DPPH is decolorized, that can be
guantitatively measured from the changes in absorbance. According
to Abdallah et al. (2016):

% Inhibition = (A blank — A sample) 100
% Inhibition = Dk
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Figure 1. Achillea fragrantissima plant.

Ascorbic acid and a-tocopherol were used as positive control and
the concentration providing 50% inhibition (ICso) was calculated
from the graph of inhibition percentage plotted.

Antioxidant capacity: Fe (lll) to Fe (Il) reduction capacity

One milliliter of each concentration was mixed with 2.5 mL of
potassium hexacyanoferrate KsFe(CN)g solution and 2.5 mL of
phosphate buffer (0.2 mol/L, pH 7.0). It was incubated at 50°C for
30 min. Later, 2.5 mL of trichloroacetic acid (10%) was added to the
mixture. Then, 2.5 mL of this solution was homogenized with
distilled water (2.5 mL) and FeCl; (0.5 mL, 0.1%). The absorbance
was measured at 700 nm and the concentration of the samples at
the absorbance of 0.5 (ECso) was determined. Ascorbic acid and a-
tocopherol were used as positive control for comparison.

RESULTS
Seasonal climatic changes

Annual climatic variation for the last years in Gabel

Elba region was described by Monier and Kadry (2006).
The study area has arid climate, its rainfall ranges
between 50 and 10 mm year'l in spring, has relatively low
temperatures in winter season (18-22°C); its sky is cloudy
and sunshine hours are minimal during these seasons.
Temperature rises from spring and reaches maximum
during summer (28-35) in some days of the month; in
May, June and finally August. For the previous three
years, there has been increase in temperature during
summer month and decrease in rainfall. These drastic
conditions (hot and dry summer and cold winter) change
the flora of the region and lead to low vegetation. Some
plants adapt to these conditions by increasing the
concentration of some bioactive compound, like essential
oils.

Effect of climate changes on plant growth and
physiological attributes

It is evident from the results that A. fragrantissima plant,
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Table 1. Essential oil composition % of Achelia fragmentissima during different seasons.

SIN Chemical compound Summer Winter RI
1 Eucalyptol 0.21 0.31 883
2 Thujone 9.93 9.98+ 928
3 Benzyl alcohol 0.12 0.31 1026
4 limonene 1.52 - 1029
5 Camphor 25 4.3 1123
6 limonene oxide 2.4 0.23 1137
7 a-Terpineol - 0.4 1169
8 trans-p-Mentha-2,8-dienol 0.3 0.25 1160
9 Gerinol 0.79 0.09 1253
10 Lavandulyl-acetate 0.25 0.15 1264
11 B-Caryophyllene 0.41 0.30 1408
12 Eugenol 0.02 0.06 1440
13 Cedrene 3.34 9.01 1421
14 Caryophyllene oxide - 0.51 1568
15 Isocalamendiol - 0.05 1545
16 Globulol 5.2 3.2 1578
17 Cis-Farnesene - 0.74 1697
18 Santolina Alcohol 0.46 5.31 1690
19 a —Tocopherol 0.08 0.6
20 Cederan-diol - 0.14 1597
21 a-Cubebene 17.1 0.11 1560
22 Spathulenol 1.54 0.50 1573
23 beta-Sesquiphellandrene 1.48 0.56 1525
24 Santanol acetate - 0.18 1771
25 Farnesol 0.27 - 1722

Total identified (%) 98 93

Monoterpene (%) 4.76 4.34
Oxygenated monoterpene (%) 33.33 34.78
Sesquiterpenoids (%) 23.80 21.73
Oxygenated sesquiterpenoids (%) 19.04 26.08
Other (%) 14.85 13.04

collected in two different seasons, exhibited diverse
pattern of growth parameter and metabolite. Plants
collected in winter season have highest values for plant
height (50.32 cm); significant reduction in plant height
was recorded in summer (45.35 cm); highest fresh weight
(40.54 g) per plant was recorded in winter, but was
lowest (25.679) in summer.

Plants exhibited maximum (23.63 g) dry matter
accumulation and minimum (17.61 g) during April and
July, respectively. Winter season has high rainfall, short
photoperiods, increased metabolic process and fresh
weight.

Essential oil compaosition

Results of statistical analysis indicate that environmental
factors significantly affect the concentration and the

essential oil yield of A. fragmrntissima ranging from 0.02

to 0.4% during summer and winter season, respectively.

The difference in essential oil yield and composition of A.
fragmentissima in response to seasonal changes was
investigated under semi-arid tropical climatic conditions
of Gabel Elba region. The results showed that essential
oil concentration during the winter months is higher than
that of summer season in some compounds (Table 1).
Evaluation of terpenoid compositions showed minimum
concentrations of mentha-2,8-dienol, geraniol and
maximum concentrations of santolina alcohol (5.31),
camphor (4.3), and cedrene (9.01) during winter months,
while percentages of a-cubebene (17.1 %), spathulenol
(1.54) and globulol (5.2) were highest during summer
season. The plants grown under these hard conditions
are tolerant to this abiotic stress due to their accumulation
of some compounds or by accumulation of some
compounds like acetate or alcohol, santanol acetate and
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Table 2. Antioxidant activity of essential oil during different seasons.

Antioxidant assay Summer Winter Ascorbic acid a-Tocopherol

IC so(g/L) 0.95+0.03 0.11+0.01 0.033+0.001 0.93+0,07

ECso (g/L) 2.11+0.05 0.25+0.02 0.091+0.002 0.026+0.002
lavandulyl acetate, cis-farnesene found in winter season et al., 2010).

and converted to farnesol in summer season.

Antioxidants activity

In the present study, the FRAP method and DPPH
scavenging capacity were used to determine the
antioxidant capacity of A. fragmentissma essential oil, by
reducing ferric ion (Fe*") to ferrous ion (Fe®"), and
reduction of DPPH. The results of this study show that
Achillea has higher antioxidant activity of ICsq 0.11+0.01
and Ecsg 0.25+£0.02 during winter than summer (Table 2).
However, the standard substances used in this study
(Ascorbic acid and Tecopherol) present an antioxidant
activity of 0.033+0.001 and 0.93+0.07 g/L for DPPH and
0.091+0.002 and 0.026+0.002 g/L for FRAP method,
respectively.

DISCUSSION

In this research we studied the growth, physiological and
biochemical attributes of A. fragmentissima widely
distributed in Gabel Elba, Egypt in response to varying
temperature conditions of Gabel Elba. The plant has
optimum plant height, fresh weight, dry weight, yield of
essential oil accumulation during winter season, while the
same parameters significantly decrease in the plant
samples investigated in July and January (summer
season). This agrees with the study of Prakash et al.,
(2011, 2011), who observed an increase in the
morphological characteristics of plants in suitable
environmental conditions and a decrease in this
parameter observed beyond a certain limit. Sudden and
extreme increase in temperature is accompanied with
more stressful conditions which affect growth and
development of plant species.

While some compounds of essential oil show opposite
trend, the major compounds, camphor (4.5%), a-
cubebene (17.1%) and globulol (6.51%) had more
concentration during dry season. This is because plants
grown under stressful condition can adapt due to their
ability to accumulate secondary metabolites.

The results agree with those of Mozaffari et al. (2000)
that myrcene and alpha-pinene are synthesized and
released in higher amounts under stress. Drought stress
causes induction of essential oil of monoterpene
carvacrol in Neigella sativa (Mozaffari et al., 2000; Costa

The results revealed that essential oil compositions are
sensitive to seasonal climatic changes. Many studies
support our results (Castelo et al., 2012; Hazzoumi et al.,
2015). The yield of essential oils changes in a major way
during the growth period since they are found between
January and early February, a period that corresponds to
dormancy phase; levels of essential oils decrease from
0.8% to 0.4% and then increase slightly during the growth
phase between March and April (0.6%). However, the
yield increases very well from mid-April until the end of
June and reaches a maximum value of 1.2%. This period
corresponds to the blooming phase of the plant.
Hazzoumi et al., ( 2015) studied Pelargonm graveolens;
when the plant was subjected to moisture stress,
essential oil was rich with citronellol which was
accumulated as a mechanism to adjust the thermal stress
(Hazzoumi et al., 2015)

Antioxidant of essential oil at different seasons of
DPPH shows the essential oil exhibits highest radical
scavenging activity during winter season than in summer.
Essential oil containing cederan-diol, santolina alcohol,
caryophllene oxide and cederen with different chemical
compositions had the highest levels of yield during winter.
The results are in agreement with those of other studies,
where essential oil of the leaf of Artemisia absinthium
showed radical scavenging activity of DPPH in flowering
stage during winter season (Canadanovic-Brunet et al.,
2005; Mohammadi et al., 2015).

Conclusion

The results of antioxidant and chemical composition
during two seasons (wet season and dry season) reflect
the effect of seasonal change on the growth and behavior
of plant to adapt to dry and harsh condition in Gabel Elba
region. The analysis of the essential oil in the two seasons
revealed there are differences in the composition and
amount of essential oil. Some compounds are
accumulated in high concentration in dry season, which
reflects the method of tolerance to stress. By
accumulation of these compounds plant can grow and
survive. The results of antioxidant activity are compatible
to the composition of essential oil. This study has shown
that some compounds such as santolina alcohol,
camphor, and cedrene were responsible for antioxidant
activity in essential oil in preflowering stage during winter
season.
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