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ABSTRACT

Carotenoids are valuable molecules as they used in manufacturing of food, pharmaceutical, poultry and cosmetics of
which have antioxidant properties and act as vitamin A precursors. Fusarium camptoceras ASU5 (KU215707) was
selected as a promising candidate for - carotene production. This fungus is characterized by abundant macroconidia in
sporodochia with pointed apical cell and conical to point basal cell. Microconidia and mesoconidia are produced singly
from monophalidic and polyphialidic conidiogenous cells. The physic-chemical characteristics of the B- carotene basal
medium were screened by applying one factor. The initial screening revealed two components: molasses and (NH,),PO,
influencing yields of B-carotene. The optimal factors were then combined for further studies through the central
composite design (CCD) of response surface methodology (RSM) to optimize the significant values and to study the
mutual interactions between these factors. The analysis revealed that optimal medium concentrations for maximum
production of B- carotene (508.3 mg/L) were (g/L): Molasses 50; (NH4),PO, 1.2; KH,PO, 2.5; L- asparagine 0.1 and
MgS0,.7H,0 0.1. Analysis of variance results showed that the model was significant and an R? value of 98.2%
demonstrated that the experimental results were fitted well with predicted values.

Keywords: Response surface methodology

[I] INTRODUCTION

Carotenoids are C40 symmetrical molecules of
tetraterpene group. They can be generally split into
two major classes, hydrocarbon carotenoids (e.g.
B-cryptoxanthin, a-carotene and [-carotene) and
oxycarotenoids, which also contain oxygen in their
structure, known as xanthophylls (e.g. lycopene,
lutein and zeaxanthin) [1,2]. Carotenoids are
estimated bioactive compounds, as they considered
antioxidant micronutrients, play a preventive role
against chronic diseases and known as high-value

nutritional molecules. Carotenoids are naturally
occurring fat-soluble pigments that are synthesized
by plants and microorganisms such as
Sphingomonas sp. (bacteria), Dunaliella bardawil
(algae), Blakeslea trispora  (fungi) and
Rhodotorula spp. (yeast) [3,4]. Phycomyces and
Mucor circinelloides are also potential sources of
carotenoids. Most of the vitamin A in the human
diet comes from provitamin A carotenoids [5].

Among the carotenoids, p-carotene is the most



Bio-enrichment of B-carotene production by Fusarium camptoceras grown on sugarcane molasses using statistical approach

recognized and widely known carotenoid. B-
carotene is an orange-yellow pigment of the
carotenoid family, it may function as an
antioxidant, has protective properties against
cancer, and catalysis the immune response [6]. It is
commercially employed as an additive in food,
feed, cosmetic and pharmaceutical products [7]. B-
carotene is produced naturally by several
microorganisms, including fungi, bacteria, algae
and lichens [8]. The European Union Committee
considers that p-carotene produced by fermentation
of Blakeslea trispora is equivalent to the chemistry
synthesized material used as food colorant and
therefore acceptable for purpose as a colouring
agent in foodstuffs [9]. Little attention has been
devoted to assess potentiality of Fusarium species
to produce carotenoids, however, the genus
Fusarium comprises hundreds of species widely
distributed in nature, present in soil or associated
with plants [10]. Filamentous fungus Fusarium
fujikuroi contains some enzyme used in production
of the acidic carotenoids [11]. Also illuminated
cultures of Fusarium oxysporum found to exhibit
an orange pigmentation because of the synthesis of
carotenoids [12].

Commercial production of carotenoids using
microorganisms is highly efficient because they are
easily adapted for different processing schemes
[13]. The major limitation on the use of microbial
systems for commercial production is the low
yield, slow growth, and high production cost
compared with chemical synthesis. However,
strain improvement strategies such as optimization
of growth conditions and preparation of mutants in
conjunction with metabolic engineering techniques
could improve carotenoids productivity [14].
Several studies have been conducted on carotenoid
synthesis by wild type microorganisms, including
the screening of wild strains [4], optimization of
the medium and environmental conditions [15],
addition of stimulators [16] and application of
oxidative stress [17]. An important aspect of the
fermentation process is the development of a
suitable culture medium to obtain the maximum
amount of desired product with a low-cost
substrate. Also, the use of cheaper and renewable
substrates from various industries such as
agricultural (sugars, molasses, plant oils, oil
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wastes, starchy substances), distillery wastes,
animal fat, oil industries have been reported and
reviewed thoroughly by several researchers [18].
Molasses is the by-product of the sugar industry
and is thus very inexpensive. Molasses is
considered as one of the most efficient and
economical medium substrate for industrial
vitamin fermentation by microorganisms [19].

Response surface methodology (RSM) is a novel
statistical and a mathematical technique employed
to design experiments, evaluates the effects of
factors and describes the interactions between
variables or factors with fewer experimental trials
[20]. The RSM model minimizes the error in
determinant the impact of parameters and
optimizes simultaneously their levels in order to
achieve the optimal response. There are various
advantages in using statistical methodologies in
terms of rapid and reliable short listing of process
conditions. Meanwhile, RSM experimental design
is an efficient approach for the production of
metabolites through microbial fermentation [21].
The most common type of RSM models is the
central composite design (CCD) to suit a second-
order polynomial [22]. Therefore, this method was
used in the present study to improve simultaneous
production of B-carotene by Fusarium species
through the optimization of cultivation conditions.

[1I] MATERIALS AND METHODS

2.1. Isolation and identification of fungal strains
Fusarium species employed in the present study
were isolated from maize (Zea mays L.) and
Egyptian clover (Trifolium alexandrinum L.)
plants. The pure cultures of species were made and
maintained on potato dextrose agar (PDA) slants at
4 °C and subcultures monthly. Identification of
Fusarium species were based firstly on the
morphological characteristics according to Leslie
and Summerell [10]. Secondly, mycelia of fungal
species were harvested from well-developed PDA
cultures for molecular identification. Fungal DNA
was extracted using a CTAB procedure [23].
Ribosomal ITS was amplified by PCR using

forward primer 5'-
CTTGGTCATTTAGAGGAAGTAA-3' and
reverse primer 5'-

TCCTCCGCTTATTGATATGC-3' of which bind
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to conserve regions of the fungal 18S rRNA gene.
The sequence obtained was used to search for
similarity sequences using the BLAST search
program at National Center for Biotechnology
Information (NCBI; http://www.ncbi.nlm.nih.gov).
2.2. Fermentation medium and culture
conditions

Modified glucose asparagine yeast medium (GAY)
was used for [-carotene production containing
(9/L): glucose, 30.0; yeast extract, 1.5; KH,PO;,,
1.5; L-asparagine, 0.12; MgS0Q,.7H,0, 0.5 and the
initial pH was adjusted to 5 before autoclaving.
After sterilization chloramphenicol, 250 mg/mL
was sterilized separately by membrane filtration,
using a membrane of pore size 0.22 mm and added
as bacteriostatic agent.

Homogeneous spore suspensions were prepared by
scraping fungal hyphae from PDA plates and
suspended in sterilized distilled water containing
0.01% (v/v) tween 80 and stirred for 30 min. and
diluted to obtain about 10° spores/mL. The
inoculum  was prepared by transferring
homogeneous spore stock culture (1 mL) to an
Erlenmeyer flask containing 50 ml of sterile f-
carotene production medium. Fermentation was
carried out at 28 + 1 °C on a rotary shaker (150
rpm) for 4 d [24].

2.3. Screening of factors influencing p-carotene

production
For enrichment [-carotene production by
Fusarium camptoceras ASU5 (KU215707),

various factors, including carbon source, nitrogen
source, pH, temperature, incubation period, and
type of fermentation were employed to screen on
the GAY medium.

2.3.1. Effect of carbon source

Different carbon sources were added into the
production medium at glucose equivalents. The
carbon sources were L- sorbose, fructose, sucrose,
maltose, lactose, starch, corn starch, glycerol,
tween 80 and sugarcane molasses. The
constituents of sugarcane molasses were (mg/Q):
total sugars, 388; total protein, 29; total nitrogen,
4.6; sodium, 0.86; potassium, 24.34; calcium, 5.3;
magnesium, 1.9; phosphorus 0.68. GAY medium
supplemented with the different carbon sources
under the above mentioned cultural conditions was
inoculated with F. camptoceras and incubated for
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4 d (100 h). Then the fungal biomass was
harvested and the production of B-carotene was
measured.

2.3.2. Effect of nitrogen source

[-carotene production medium was supplemented
with  different nitrogen at an equimolecular
amount of basal nitrogen source that present in
yeast extract in GAY medium. The inorganic and
organic nitrogen sources screened were NaNOj,
KNO;,  NH4NOz;,  (NH,),SO;,  (NH4),POy,
ammonium molybdate, casein, tryptone, peptone,
beef and malt extract. The fungal biomass was
harvested and the yield of [-carotene was
determined.

2.3.3. Effect of pH

The pH of the B-carotene production medium of
different culture flasks were adjusted to 2-10 using
0.1 M HCI or 0.1 M NaOH. The flasks were
inoculated with spore suspension of F.
camptoceras and incubated at 28 + 1 °C for 4 d.
The fungal biomass was harvested and the yield of
[3-carotene was measured.

2.3.4. Effect of temperature

Fusarium camptoceras grew on GAY medium at
different temperatures (in a range of 10 to 40 °C).
Fungal biomass was harvested and yield of f-
carotene was determined.

2.3.5. Effect of incubation periods

Effect of different incubation periods on fungal
biomass and [-carotene production was studied.
The cultural flasks were inoculated with a spore
suspension of F. camptoceras and incubated at 28
+ 1 °C. The B-carotene production was measured
at2, 3,4, 6,8, 10, 12 and 14 d of time intervals.
2.4. Optimization of significant factors by
response surface methodology

RSM methodology was exploited to optimize the
significant  effective screened factors that
influencing pB-carotene production. According to
RSM, the central composite design (CCD) was
used to optimize the culture conditions for B-
carotene production by F. camptoceras. Five
investigated parameters; molasses (X;), (NH;),PO,
(X2), KH,PO,; (X3), L-asparagine (X,;) and
MgSO,7H,O (Xs), were varied at three coded
levels. The distance from the center of the design
space to a factorial points was = 1 unit of which
each variable was evaluated at a high (+1), a low (-
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1) and a central level (0) as detailed in Table 1. A
set of 54 factorial experimental runs with three
replicates and 2 additional runs at the center point
level to check reproducibility was performed [25].
The center point replicates were selected to verify
any change in the assessment procedure.

Table 1- Independent variables (molasses, (NH4),POy,
KH,PO,, L-asparagine and MgSO, .7H,0) and their
levels for Central Composite Design (CCD).

Level of variable (g/l)

Variable Component

-1 0 +1
X1 Molasses 10 30 50
X5 (NH,),PO, 0.1 0.65 1.2
X3 KH,PO, 0.5 15 25
X4 L-asparagine 0.1 1.05 2
MgSO4
Xs 7H,0O 0.1 0.55 1

The variables Xi were coded as xi according to the
following equation.

Xi= Xi— Xo/0X (1)
Where Xx; is the dimensionless value of the
independent variable X;; X; is the real value of that
independent variable; X, is the real value of that
independent variable X; at the center point; 6X is
the step change of real value of the variable i
corresponding to a variation of a unit for the
dimensionless value of the variable i.
An empirical relationship between the response
and the screened variables was expressed by the
following fitting quadratic polynomial equation:

Y=Bot Y6 Xi +X. Bi Xt Y Bii 2)
Where Y is predicted response, B, is offset term, S;
is linear effect, g is squared effect, B j is
interaction effect, x;; the levels of the independent
variables.
This regression equation was optimized for
optimal values using Sigma XL (Version 6.12).
The goodness of fit for the regression model
equation was expressed by the coefficient
determination as R? and analysis of variance
(ANOVA).
The quadratic models were represented as response
surface plots of which were generated to indicate
an optimum condition using the fitted quadratic
polynomial equations obtained by holding one of
the independent variables at a constant value and
changing the levels of the other four variables.
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2.5. p-carotene extraction and biomass
estimation

After 4 d fermentation flasks were removed and
analyzed. For carotenoid extraction mycelium
ruptured using liquid nitrogen by manual grinding
in a mortar until complete cell breakage occurred,
then extracted using petroleum ether: acetone
(1:1). Repeated extractions of f-carotene vitamin
were carried out with the above solvent until a
colorless residue was obtained. The cell mass
residue obtained after solvent extraction of [-
carotene vitamin was filtered through Whatman
no.113 filter paper, washed thoroughly with
distilled water (twice), and dried at 60 °C
overnight until getting constant dry weight [24].
2.6. Analytical analysis

The production of B-carotene by the 3 Fusarium
species under study firstly was analysis in
Pharmaceutical Services Center, Assiut University,
Assiut 71516, Egypt. The colour layer of organic
phase containing f-carotene was separated, filtered
through a 0.22pm membrane and analysed by
HPLC (AYounglin Autochro-3000). The HPLC
analysis was performed on a reversed phase C-18
column (Vensil XBP, 250mmx4.6mm, Sum,
Waters, Aela Technologies, USA) with a detection
wavelength at 450 nm using Young Lin UV/Vis
detector (model UV730D) with dual wavelength
detection (LTD, Korea). A mobile phase was
composed of methanol and acetonitrile (90:10, v/v,
Merck, Darmstadt, Germany) with a flow rate of
1.5ml min™'. B-carotene was used as an external
standard eluted from the column at a retention time
of 7.26 min. All data acquisition were performed
on Young Lin Autochro-3000 software [26]. The
production of [-carotene under screening and
optimization conditions by F. camptoceras was
detected by the standard method of estimation of
[B-carotene [27]. Carotenoid concentrations in the
pigmented layer were quantified
spectrophotometerically at optical density of 450
nm. Standard graph was plotted for the
concentrations varying from 2 to 12 pg/mL [28].

[111] RESULTS

Fusarium species were recovered from maize and
Egyptian clover and identified into 3 species.
Based on the morphological identification, the
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Fusarium species were F. camptoceras, F.
chlamydosporum and F. incranatum.

3.1. Brief morphological descriptions of
Fusarium species

3.1.1. Fusarium camptoceras Wollenweber &
Reinking emend Marasas & Logrieco

Radial growth on PDA plates after 7 d showing
rate varies from 78-85 mm, mycelia white to beige
and pigmentation brown. Microconidia and

mesoconidia are  produced  singly  from
monophalidic and polyphialidic conidiogenous
A
Ph
N
v&
C
4

cells (Fig. 1A). They are not clearly distinguished
in shape from the macroconidia and may be 0-6
septate (Fig. 1B). Macroconidia are abundant in
sporodochia, fusoid, lanceolate and slightly curved
or broadly fusiform with pointed apical cell and
conical to point basal cell, 3-7 septate, 23-40* 5-
7um (Fig. 1C). Chlamydospores formed slowly
and sparsely, produced singly, in pairs, chains or
clusters, terminal or intercalary, smooth-walled
(Fig. 1D).

s nMe
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N )
ld)_. '
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Fig. 1-Fusarium camptoceras Wollenweber & Reinking emend Marasas & Logrieco, A, A: Polyphilaidic
conidiogenous cell (Ph) and hypha (Hy); B: Microconidia (Mi) and Mesoconidia (Me); C: Macroconidia (Ma); D:

Chlamysospores (Ch). Bars, 15 um..

3.1.2. Fusarium chlamydosporum Wollenweber & Reinking

Radial growth on PDA plates after 7 d showing rate varies from 65—-74 mm, with dense, white with greyish
orange aerial mycelium. The undersurface is generally light brown. Polyphialidic conidiogenous cells may
produce microconidia singly, or sometimes in pairs that result in branching conidiophores with a tree-like
appearance (Fig. 2A). Microconidia straight, spindle shaped, abundant in the aerial mycelium, usually 0—
septate, 1-2 septate microconidia may be observed (Fig. 2B). Macroconidia are rare, thick walled, curved, 3—
5 septate, 25-55*2.5-4.5 pm, with short, curved and pointed apical cell, and foot shaped basal cell (Fig. 2C).
Chlamydospores produced abundantly and rapidly, singly, in pairs, chains and in clusters (Fig. 2D).

A

Ph

Y

B

Fig. 2-Fusarium chlamydosporum Wollenweber & Reinking, A: Polyphilaidic conidiogenous cell (Ph); B:
Microconidia (Mi); C: Macroconidia (Ma); D: Chlamysospores (Ch). Bars, 15 pm.
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3.1.3. Fusarium incarnatum (Roberge) Saccardo

Radial growth on PDA plates after 7 d showing rates varies from 70-92 mm, abundant dense aerial mycelia
that initially is off white and becomes beige or brown with age. Brown pigments also may be produced in the
agar. Radial growth on PDA plates after 7 d showing rates varies from 70-92 mm, abundant dense aerial
myecelia that initially is off white and becomes beige or brown with age. Brown pigments also may be
produced in the agar.

Microconidia are pyriform to obovate, 1-septate and produced singly or in pairs from monophialides and
polyphialides. Mesoconidia are fusoid and 3-5 septate (Fig. 3A,B).

Macroconidia are rare, slender, 3-5 septatae, 20-45 * 2-3.5 um, with curved and tapering to a point apical
cell, and foot shaped basal cell (Fig. 3C). Chlamydospores produced singly, in chains and smooth (Fig. 3D).

VAR 4 B
» Me
b / Mi __ 4 —-\(
y——— 5 .
“~ ™ p
Mh —> - ~
% "‘—H—_
C D
Ma
N
Ch —

Fig. 3— Fusarium incarnatum (Roberge) Saccardo, A: Monophilaidic conidiogenous cells (Mh); B: Microconidia
(Mi) and Mesoconidia (Me); C: Macroconidia (Ma); D: Chlamysospore (Ch). Bars, 15 um.

Fusarium strains were also confirmed based on analyses of the nucleotide sequence of the nuclear ribosomal
ITS regions. A partial 18S rRNA gene sequence of approximately 457, 498 and 508 base pairs of Fusarium
camptoceras ASU5 (KU215707), Fusarium chlamydosporum ASU4 (KU215706) and Fusarium incarnatum
ASU3 (KT587650) had a sequence with 99% similarity to that of Fusarium camptoceras Vull(KJ782411),
Fusarium chlamydosporum SDMx (KM265091) and Fusarium incarnatum DZ-3-1-3 (KT192249),
respectively of which available in Genbank databases. To get fungal spore suspension to further experiments
the fungal hyphae scraped from PDA plates suspended in sterilized distilled water containing 0.01% (v/v)
tween 80.

3.2. Production of g- carotene by Fusarium strains on GAY medium

The B- carotene production by Fusarium species on GAY medium was detected according to the HPLC
analysis. The data indicated that all strains showed rapid growth and were able to produce - carotene in their
cell but there are differences between the strains in their production. Meanwhile, Fusarium camptoceras
ASU5, Fusarium chlamydosporum ASU4 and Fusarium incarnatum ASU3 were produced 25.2, 24.3, and
7.7 mg/L B- carotene, respectively.

The retention time of - carotene standard was 7.26 min and the peaks of the extracted carotenoids from
Fusarium strains were appeared at the same retention time. Then, the extracted vitamin was identified as -
carotene. Fusarium camptoceras ASU5 (KU215707) was chosen for further experiments based on its highest
[3- carotene production (Fig. 4).
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Fig. 4-HPLC p-carotene chromatogram
chlamydosporum ASU4 (KU215706).

3.3. Screening of factors influencing p-carotene
production

In this study different experiments were performed
to optimize medium constituents and conditions for
B- carotene production by F. camptoceras ASU5
(KU215707). Several trials have been created at
choosing microorganisms that may provide a cost-
effective source of carotenoids.

Among the carbon sources evaluated in this study,
molasses gave a maximum yield of B-carotene
30.22 + 1.02 mg/L (7.56 mg/l/days productivity)
and a maximum dry mass 14.04 + 0.97 ¢/L
followed by glucose gave 25.17 + 0.22 mg/L f-
carotene (6.29 mg/L/days productivity) and 5.21 +
0.12 g/L dry mass (Fig. 5). Fusarium camptoceras
didn’t assimilate L-sorbose or lactose. However
low productivity on sucrose (2.57 mag/l/days
productivity) was recorded. Also it was observed
that F. camptoceras has the ability to grow well on
glycerol and tween 80 given resizable amounts of
B- carotene (14.57 + 0.32 and 14.62 + 0.12 mg/L,
respectively).

Varying the nitrogen sources in the culture
medium affected dry fungal biomass and p-
carotene production as illustrated in Fig. 6. In this
context, ammonium phosphate was the best
nitrogen source for production of B- carotene
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(30.48 = 0.1 mg/L) and productivity was (7.62
mg/L/d) followed by ammonium sulphate (25.47 £
1.34 mg/L) with productivity of 6.37mg/L/d.
However, the highest growth was obtained by
peptone (5.95 + 0.18 g/L dry mass). Fusarium
camptoceras could grow on casein as nitrogen
source (2.98 + 0.38 g/L dry mass), but it didn’t
produce - carotene. Yeast extract was the third
nitrogen sources that produced 25.17 mg/L B-
carotene with productivity of 6.29 mg/L/d and dry
mass of 5.21 g/L.

The growth and the B-carotene production by F.
camptoceras ASU5 (KU215707) at various pH
were shown in Fig. 7. It was observed that pH
variations have a significant effect on the pB-
carotene production by F. camptoceras. It is
interesting to note that the fungus produced the
highest rates of B-carotene (26.18 + 0.18 mg/L) at
pH 6. Production of B-carotene was detected over
range of 2-14 d (Fig. 8). The results suggest that
the initial biosynthesis of B-carotene started after 2
d maximum yield (28.52 mg/L) was achieved after
6 days of fermentations.

The optimal temperature for production of cellular
B-carotene was 28°C giving 25.17 + 0.22 mg/l -
carotene (6.29 mg/L/d productivity) and 5.21 *
0.12 g/L dry mass (Fig. 9). The incubation
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temperature is a decisive factor when the extracted
material is thermo sensitive bioactive compounds.
The raise of incubation temperature had a negative
effect on B-carotene production by F. camptoceras
and higher temperature inhibited the growth.
Generally, environmental conditions and medium
components affect microbial growth and vitamin
production. The medium components were
selected for the further optimization study by
RSM. The medium components of which
influenced Fusarium growth and [- carotene
production are molasses, (NH4),PO4, KH,PO,, L-
asparagine and MgS0O,. 7H,0.

3.4. Optimization of screened factors using
RSM

By applying multiple regression analysis on the
experimental data, the following fitting second-
order polynomial equation was found to describe
jB-carotene production:

Y1 = (278.78) + (70.19) * X; + (8.10) * X, +
(9.54) * X; + (-56.81) * X, + (-40.64) * Xs +
(10.26) * X;X; + (-6.41) * Xy X5 + (-29.74) * X X,
+ (-67.97) * X;Xs + (64.11) * X,X5 + (12.03) *
XXy + (-8.70) * X X5 + (2.45) * X3X,4 + (11.30) *
XsXs + (30.47) * X,Xs + (-87.82) * X% + (-
130.74) * X,2 + (55.51) * X3 + (-40.74) * X, +
(61.43) * Xs° (3)

where Y is the predicted response of (- carotene
production (mg/L), and X1, X2, X3, X4 and X5
are the coded values of molasses, (NH;),POy,,

respectively.

The maximum experimental -carotene production
was 508.3 mg/L, whereas the corresponding
predicted value was 500.8 mg/L using the optimum
levels of the medium constituents (Table 2). All
the predicted values of RSM model were located in
close proximity to the experimental values as
shown in Table 2. These supported that the RSM
model is sufficient to explain the data variations
and to describe the actual relationships of variables
to obtain the maximum [- carotene production.
The polynomial Eq. (3) was further tested for
adequacy by an analysis of variance (ANOVA) to
estimate the significance and suitability of the
model. The results of the parameter estimate and
ANOVA were shown in Tables 3 and 4. The model
F value of 94.9 implied that the model was
significant.

The lack of fit value of 11.1 implied that the lack
of fit was no significant relative to the pure error
(lack of fit p<0.0001). The R? value indicated that
the 98.2 % of the entire variation was explained by
the model equations and the adjusted R* value was
97.16 %. The ANOVA results showed that among
the five variables, X; (molasses), X3 (KH,PQy), X4
(L-asparagine) and Xs (MgSO, .7H,0) had
significant effects (p< 0.05). The variable X,
((NH4),PO,) was found to be non-significant and
the interactions X; X, (molasses/ (NH;),POy), X1 X3
(molasses / KHyPO,), X3zX; (KH,PO, [/ L-
asparagine) were also non-significant.

KH,PO,, L-asparagine and MgSO,; .7H,0,
35

%Zﬁ 30 - 1 Dry mass {g/L}
-~ E W B-carotene {mg/L)
-
25 25
- &
W
s % 20
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5 5 15 -
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§ s

s i
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Fig. 5— Effect of different carbon sources on growth and B-carotene production from Fusarium camptoceras ASU5

(KU215707).
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Fig. 6— Effect of different nitrogen sources on growth and B-carotene production from Fusarium camptoceras ASU5
(KU215707).
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Table 2- Central composite rotatable design matrix (Alpha =1.0) of independent variables and their corresponding
experimental and predicted yields of B-carotene

No. Medium concentration (g/L) p-Carotene (mg/L)
Molasses (NHy4),PO, KH,PO, L-asparagine MgSQO,.7H,O Exps/r;mzntal Pr\e/zg:ﬁged

1 30 0.65 15 1.05 0.1 378.33 381.79
2 50 0.1 0.5 0.1 0.1 486.66 492.88
3 50 0.1 2.5 2 0.1 91.66 90.219
4 10 0.1 2.5 2 1 58.33 62.323
5 50 0.1 2.5 0.1 1 108.33 105.26
6 50 1.2 2.5 0.1 0.1 496.66 501.70
7 10 0.1 2.5 0.1 0.1 46.66 40.960
8 10 1.2 2.5 0.1 1 161.66 157.13
9 50 1.2 0.5 0.1 1 70 76.560
10 10 0.65 15 1.05 0.55 115 121.72
11 30 0.65 1.5 2 0.55 183.33 182.18
12 50 1.2 0.5 2 0.1 173.33 179.85
13 10 1.2 0.5 0.1 0.1 28.33 25.592
14 30 0.65 1.5 1.05 0.55 290 279.72
15 30 0.65 2.5 1.05 0.55 340 344.77
16 30 0.65 15 1.05 0.55 276.66 279.72
17 30 0.1 15 1.05 0.55 145 140.88
18 50 1.2 2.5 2 1 145 145.56
19 10 0.1 0.5 2 0.1 21.66 20.775
20 30 0.65 1.5 1.05 1 301.66 300.51
21 30 1.2 1.5 1.05 0.55 156.66 157.09
22 30 0.65 0.5 1.05 0.55 331.66 325.70
23 10 0.1 0.5 0.1 1 153.33 153.32
24 50 0.65 15 1.05 0.55 271.66 262.09
25 10 1.2 0.5 2 1 3.33 5.285
26 50 0.1 0.5 2 1 66.66 68.409
27 10 1.2 2.5 2 0.1 78.33 72.095
28 30 0.65 1.5 0.1 0.55 290 295.79
29 30 0.1 1.5 1.05 0.55 136.66 139.94
30 10 0.1 0.5 2 0.1 20 19.836
31 30 0.65 15 1.05 0.55 290 278.78
32 10 0.1 0.5 0.1 1 151.66 152.38
33 50 1.2 0.5 0.1 1 80 75.621
34 30 0.65 0.5 1.05 0.55 323.33 324.76
35 30 0.65 1.5 1.05 1 308.66 299.57
36 10 0.1 2.5 0.1 0.1 38.33 40.021
37 30 0.65 1.5 2 0.55 183.33 181.24
38 50 1.2 2.5 2 1 143.33 144.62
39 50 0.65 15 1.05 0.55 258.33 261.15
40 10 1.2 0.5 0.1 0.1 25 24.652
41 10 0.65 15 1.05 0.55 116.66 120.78
42 50 1.2 0.5 2 0.1 185 178.91
43 50 0.1 2.5 2 0.1 88.33 89.279
44 10 0.1 2.5 2 1 65 61.384
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45 10 1.2 0.5 2 1 5 4.346
46 30 0.65 1.5 1.05 0.1 370 380.85
47 50 0.1 2.5 0.1 1 100 104.32
48 30 0.65 2.5 1.05 0.55 340 343.83
49 50 0.1 0.5 0.1 0.1 498.33 491.94
50 10 1.2 2.5 0.1 1 153.33 156.20
51 50 0.1 0.5 2 1 65 67.470
52 30 1.2 1.5 1.05 0.55 151.66 156.15
53 30 0.65 15 0.1 0.55 293.33 294.85
54 10 1.2 2.5 2 0.1 68.33 71.156
55 50 1.2 2.5 0.1 0.1 508.33 500.76
56 30 0.65 1.5 1.05 0.55 276.66 278.78

Table 3— Statistical analysis for the experimental results of the central-composite design
(quadratic model)

Factor Coefficient ~ SE Coefficient t value P value
Constant 292.992 5.767 50.809 <0.0001*
A: Molasses 79.017 3.903 20.247 <0.0001*
B: (NH,),PO, 0.573 3.903 0.147 0.8840"
C: KH,PO, 14.693 3.903 3.765 0.0006*
D: L-asparagine -65.739 3.903 -16.845 <0.0001*
E: MgSO, 7H,0 -32.001 3.903 -8.200 <0.0001*
AB -5.832 4.139 -1.409 0.1677"

AC 7.249 4.139 1.751 0.0887"
AD -41.021 4.139 -9.910 <0.0001*
AE -54.167 4.139 -13.086 <0.0001*
BC 47.083 4.139 11.375 <0.0001*

BD 18.519 4.139 4.474 0.0001*

BE -18.333 4.139 -4.429 0.0001*

CcD -7.895 4,139 -1.907 0.0647N
CE 26.041 4.139 6.291 <0.0001*
DE 25.229 4139 6.095 <0.0001*
AA -138.076 10.579 -13.051 <0.0001*
BB -116.258 10.579 -10.989 <0.0001*

cc 36.672 10.579 3.466 0.0014*

DD 31.417 10.579 2.970 0.0054*

EE 43.092 10.579 4.073 0.0003*

t — student's test, p — corresponding level of significance,* Significant at p <0.05, N, non-significant at p>0.05.
Table 4— Analysis of variance (ANOVA) of the quadratic model

Degree of Sum of Mean
Source F value P value
freedom square square
Model 20 1040825.91 52041 94.92 <0.0001
Error 35 19190 548.28
Lack of Fit 6 13377 2229.5 11.12 <0.0001
Pure Error 29 5812.7 200.44
Total (Model +
Error) 55 1060015.63 19273

Response surface plots can be used for the 3D visualization of the interaction between the pair-wise of the
five factors selected, when the third factor and to determine the optimum concentration of each of them for
maximum [-carotene production. Fig. 10 (a—g) depicted the response surface plots between molasses and L-
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asparagine, molasses and MgSQO,.7H,0, (NH4),PO, and KH,PO,, (NH,),PO, and L-asparagine, (NH,),PO,
and MgS0,.7H,0, KH,PO, and MgSO,.7H,0, L-asparagine and MgS0,.7H,0.
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Fig 10— Response surface and contour plots of B-carotene production by Fusarium camptoceras ASU5 (KU215707)
showing the effect of two variables (other variables were kept at zero in coded unit): significant interaction between (A)
molasses and L-asparagine, (B) Molasses and MgS0O,.7H,0, (C) (NH,),PO, and KH,PO,, (D) (NH4),PO, and L-
asparagine, (E) (NH4),PO, and MgS0O,.7H,0, (F) KH,PO,4 and MgS0,.7H,0, (G) L-asparagine and MgS0O,.7H,0.

The optimal levels of the medium components
were calculated by solving the regression equation
inside the region experiments. The highest pB-
carotene production obtained using the optimal
concentrations of the five components as molasses
50 (g/L); (NH,4),PO, 1.2 (g/L); KH,PO, 2.5 (g/L)
and 0.1 (g/L) for each L-asparagine and

Nafady, et al.

MgSO,.7H,0.

[IV] DISCUSION

Among three Fusarium species Fusarium
camptoceras ASU5 (KU215707) was chosen for
further experiments based on its highest f-
carotene production (25.2 mg/L B- carotene). To
get fungal spore suspension to 0.01% (v/v) tween
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80 was used. Laouar et al [29] found that
surfactants such as spans, tweens, triton X-100 and
pluoronic F-68 are reported to increase the cell
growth and production of various enzymes and
primary products including ethanol. A filamentous
fungus Mucor azygosporus MTCC 414 produced
453 ng/g dew of B- carotene on malt yeast peptone
medium [30].

The highest concentration of carotenes (55 mg/g
dry biomass) was obtained by Nanou et al [31] at
aeration rate of 4 vvm. However, very high
oxidative stress in Blakeslea trispora caused a
change in the biosynthesis of carotenes lead an
increase in B-carotene concentration to (91.68%).
Choudhari et al [24] found that adding vitamin A
and antibiotics improved production of B-carotene
using the zygomycete fungus Blakeslea trispora
from 139 mg/L to 318 mg/L. Xu et al [32] revealed
that by using Blakeslea trispora the highest B-
carotene production (596 mg/L) was obtained
when 1% (v/v) n-dodecane and 0.1% (w/v) Span
20 were added together, which were 2.1-fold and
1.8-fold of the control, respectively. Mehta et al
[33] reported that Blakeslea trispora produced 39
mg/ g dry mass of [-carotene under standard
laboratory conditions in which the original wild
strains contained about 0.3 mg of B-carotene per g
(dry mass).

In this study different experiments were performed
to optimize medium constituents and conditions for
B- carotene production by F. camptoceras ASU5
(KU215707). Several trials have been created at
choosing microorganisms that may provide a cost-
effective source of carotenoids. The optimization
of physical and chemical parameters of
fermentation conditions is very important to
improve the production output and lower the cost
[34]. Production medium was fortified with
chloramphenicol as a bacterio static agent which
had a positive effect on total carotenoids formation
[35].

Among the carbon sources evaluated in this study,
molasses gave a maximum yield of B-carotene.
Contrary to our results, Goksungur et al [36]
obtained a high concentration of carotenes (12.0
mg/g dry biomass) when Blakeslea trispora was
grown on molasses solution (pH 7.0) containing
5% (w/v) sugars in a bubble column reactor.

Nafady, et al.

Bhosale and Gadre [37] reported a maximum
production of B-carotene (14.0 mg/L), when a
mutant strain of Rhodotorula glutinis was grown
on sugarcane molasses in shake flasks culture.
Buzzini [38]studied the production of [B-carotene
from rectified grape by R. glutinis DBVPG 3853
and reported a maximum carotenoid production
(7.0 mg/L). Vajang and Suntornsuk [39] found
only 36 pg/L B-carotene produced by R. glutinis
DM28 in the lettuce brine.

Low productivity observed on sucrose (2.57 mg/l/d
productivity). Goksungur et al [40] revealed that
poor yield of the B. trispora on sucrose may be due
to the lack of invertase.

Ammonium phosphate was the best nitrogen
source for production of - carotene (30.48 £ 0.1
mg/L) and productivity was (7.62 mg/L/d). An et
al [41] reported that nitrogen source, such as
ammonium sulfate, is another major nutrient which
has been shown to affect the growth and carotenoid
production of several  Xanthophyllomyces
dendrorhous mutant strains. Ferrao and Garg [42]
found that maximum carotenoid production was
obtained with inorganic nitrogen salts such as
ammonium chloride 138.92 pg/g d.s., potassium
nitrate 138.20 pg/g d.s. and calcium nitrate 75.06
Hg/g d.s. An [43] reported that ammonium sulfate
supported carotenoids production by Phaffia
rhodozyma slightly more favorably than urea. The
initial ammonium sulphate concentration that gave
the  maximum  carotenoid production by
Rhodotorula mucilaginosa (89.0 mg/L) was of 2
o/L [44].Yeast extract has been successful in
culture media for microorganism studies in milk
and other dairy products by Ikonomou et al [45].
Several media containing yeast extract have been
recommended for cell culture applications. Yeast
extract provides vitamins, nitrogen, amino acids,
and carbon in microbiological and cell culture
media [45].

pH variations have a significant effect on the (-
carotene production by F. camptoceras. The
highest rates of B-carotene (26.18 + 0.18 mg/L) at
pH 6. Choudhari et al [24] found that a higher
yield of B-carotene (99 £ 1 mg/L) was obtained at
pH 6-7 as compared to pH 4-6 or pH 8-10.
Bhosale and Gadre [37]reported that maximum
carotenoid content was obtained at pH 7 while
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decline in cellular production was observed at both
sides of neutral pH. Initial biosynthesis of [-
carotene started after 2 days maximum yield (28.52
mg/L) was achieved after 6 days of fermentations.
Aksu and Eren [46] reported that the carotenoids
production of R. mucilaginosa was a growth-
associated product and the highest carotenoids
content was obtained at the end of log phase (5 d).
The optimal temperature for production of cellular
[-carotene was 28°C giving 25.17 + 0.22 mg/L B-
carotene.

The cellular and volumetric carotenoids produced
by Rhodotorula glutinis at 30°C were higher than
those produced at 25°C or 35°C [47]. Also, it was
established that the optimum temperature for
growth of mutant 32 of Rhodotorula glutinis was
30°C [48]. The most suitable temperature for
growth and production of carotenoids by
Rhodotorula glutinis co-cultivated with lactic acid
bacteria in a whey ultrafiltrate was 30°C [49].
Generally, environmental conditions and medium
components affect microbial growth and vitamin
production. The medium components were
selected for the further optimization study by
RSM. The medium components of which
influenced Fusarium growth and [- carotene
production are molasses, (NH4),PO4, KH,PO,, L-
asparagine and MgSQ,. 7H,0. It was demonstrated
the powerful advantage of RSM for the
optimization of factors to achieve vitamin
production from microorganisms [50].

RSM was used to determine the optimum values of
process variables for maximum [-carotene
production by Blakeslea trispora and a significant
increase in f-carotene production (139 + 1 mg/L)
was achieved [24]. A face-centered central
composite design was applied to optimize a
cultivation condition for improved [-carotene
production by Rhodotorula glutinis DM28
fermented radish brine as a sole substrate, yielded
2.7 g/L biomass and the maximum [-carotene of
201 pg/L after 24-h [51].

[V] CONCLUSION

Culture medium composition proved to have a
significant influenced on the Fusarium biomass
accumulation and B-carotene production. Molasses
as renewable raw material and as a low cost
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substrate has been shown a good carbon source for
growth and p-carotene production by F.
camptoceras.

The statistical method of RSM was demonstrated
to be effective in selecting the significant factors of
medium components and the optimal concentration
of those factors. The optimal conditions to achieve
the maximum p-carotene yield were (g/L):
molasses 50; (NH,),PO, 1.2; KH,PO, 2.5; L-
asparagine 0.1 and MgSQ,.7H,0 0.1; these results
indicated that the use of the optimized medium
resulted in enrichment of B-carotene production
(508.3 mg/L). Hence, it was evident that the
optimum condition for B-carotene production by F.
camptoceras could be applied in a large-industrial
scale.
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