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ABSTRACT 99.45% and 2.33-fold increase in comparison to the
production of the original level (10.6 g/l).

Fungal synthesis of kojic acid has gained more

interest in these days as an alternative way to Keywords: Kojic-acid; Agro-industrial wastes;

chemical synthetic. The aspect of the microbial Optimization; Plackett-Burmamspergillus.

fermentation process is to develop a suitable riltu

medium to obtain the maximum amount of kojic Abbreviations: Czapek's dextrose agar medium

acid using statistical methods. In this study;etit (CZD), kojic acid (KA), Consuming sugars (CS),

selected three isolates Agpergillus flavus (No 1, 2 Dry mass (DM).

and 3) were screened for their ability to produced

kojic acid and the isolate No 3 was the highesickoj 1. INTRODUCTION

acid producer one. The capability &f flavus No 3

to produce kojic acid was improved using Plackett- Kojic acid (5-hydroxy-2-hydroxymethyl-I-

Burman design. From ten different agro-industrial pyrone) is an organic acid has a weak acidic pro-

wastescane molasses recorded the highest kojic acid perty crystallizes in form of colorless and prisimat

productivity with 2.24 g/t day" and was the most  needles [1]The melting point of kojic acid ranges

effective parameter plays a crucial role in Placket from 151-154°C. Kojic acid is soluble in water (3.9

Burman design. Maximum kojic acid production g/100 ml at 20°C), ethanol and ethyl acetate. @n th

(24.65 g/l) byA. flavus (No. 3) obtained under the contrary, it is less soluble in ether, alcohol ethe

fermentation conditions: incubation temperature at mixture, chloroform and pyridine [2-4].

25°C, incubation time 9 days, pH 3, inoculum size Kojic acid is a major secondary metabolite

0.5%, shaking rate at 150 rpm and medium can be produced from carbohydrates by using

constituents: Cane molasses 60 g/l, yeast extractdifferent carbon and nitrogen sources, also using

7 gll, KH,PO, 2 g/l, ZnSQ7H,O 100 pg/l and agriculture wastes under aerobic fermentationestrat

MgSQO,7H,0 1 g/l with regression analysis {R gies. Kojic acid is produced bwspergillus spp.
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belonging mainly to the sectiofhavi: Aspergillus
flavus [5-9], Aspergillus oryzae [10-14], Aspergillus
oryzae var effusus [15], Aspergillus tamarii [16] and
Aspergillus parasiticus [6, 7, 14, 17-19], as well as
Penicillium sp. and certain bacteria [14, 20, 21].

soy bean meal, corn steep liquor, sugarcane
bagasse’, whey, etc. have been used as carbohydrate
as well as nitrogen sources in the lieu of syntheti
ones [39]. Different types of treatments (physical,
chemical, and enzymatic) can be given to these by-

Glucose, sucrose, acetate, ethanol, arabinoseproducts in order to make them easily consumed by
and xylose have been used as carbon sources fomicrobes [40].

kojic acid production. Glucose is the best carbon
source for kojic acid production due to the siniiiar

of its structure to that of kojic acid. It has been
suggested that, during the fermentation, kojic &id
formed directly from glucose without any cleavage
of the carbon chain into smaller fragments [5, 22,
23]. Utilization of agro-industrial wastes or by-
products for the fungal production of useful praguc

A classical method of optimizing the
fermentation conditions and medium constituents
depends on single parameter whilst all the other
factors are maintained at a fixed level. However,
statistical planned experiments effectively expalin
the interaction of parameters and minimize thererro
in determining the effect of parameters [41, 42je T
design of experiment reduces the number of

has been recommended by many investigations suchexperiments and increases process efficiency [43,
as cheese whey [24-26], sugar cane molasses [27-44]. Statistically designed experiments are used fo

30], fruits, vegetables, corn steeps liquor [9, 31]
Kojic acid is a natural antibiotic agent, early
as 1934 it was reported that kojic acid inhibited t
growth of Gram-negative more strongly than that of
Gram- positive bacteria [32]. This property was
rediscovered much later and the antibiotic actibn o
culture filtrates of several fungi was shown todoe
to the presence of kojic acid and it is used in the
medical field as a pain killer and anti-inflammator
drug [33]. In the food industry, KA used as one of
the precursors for flavor enhancers [34]. Kojicdaci
has the ability to prevent the undesirable melanosi
(blackening) of agricultural products by inhibiting

optimization strategies such as screening experi-
ments and optimization for targeted response [45].
Plackett-Burman design used which greatly enhance
the yield of product, reduces time, cost, process
variability and has been successfully used to
optimize many bioprocesses [46, 47]. The Plackett-
Burman design was developed by Plackett and
Burman in 1946. It is two-level fractional design f
studying up to k=N-1, where k are variables and N
is the number of runs. These designs have complex
alias structures, and hence, this design was génera
preferred for screening of significant factors [48]

The main objective of this work was to test

polyphenol oxidase [35], and used as a skin care the ability of differentAspergillus flavus isolates to

product for whitening [4] and as a protective again
U.V. light. It has been used for the production of

produce kojic acid on both glucose and agro-
industrial wastes media, secondly to improve the

miso, soya sauce and sake in Japan for a long timeproduction by investigating the effect of several

[36, 37].

Agro-industrial wastes, include wastes gene-
rated during the industrial processing of agricaitu
or animal products or those obtained from
agricultural activities in the form of straw, stem,
stalk, leaves, husk, shell, peel, lint, seed, pulp,

legumes or cereals (rice, wheat, corn, sorghum and

variables on the KA production process and
recorded the optimum fermentation conditions for
the highest KA production using Plackett-Burman
design as a statistical approach.

2. MATERIALS AND METHODS

barley), bagasse’ from sugarcane or sweet sorghum?2.1. Microorganisms

milling, spent coffee grounds, brewer’s spent ggain

and many others. These wastes are mainly com-

posed of sugars, fibers, proteins, and mineralge. Th
chief constituents of such agro-industrial wastes
include cellulose, hemicelluloses and lignin, aolle
tively being called "lignocellulosic materials" [38

Three isolates ofAspergillus flavus proved
previously as highly kojic acid producers [9] and
proved as non-toxigenic producers (data not
recorded here) were selected for this study. These
isolates were maintained on Czapek's dextrose agar

Cheap agro-industrial sources such as wheat bran,medium (CZD) aerobically and stored at 4+1°C until
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using (sub-cultured every 30 day). Prior to the Table 1.Chemical composition of Abo-Qurgas sugarcane
and beet molasses, Egypt.

experiments A. flavus isolates grown on CZD

medium at 28+1°C for 4 days aerobically. Homo- o Cane Beet
geneous spore suspension obtained by scrapping molasses molasses
fungal hyphae and suspended it in sterilized thstil Brix 86.50+1.0 82.50+1.0
water containing 0.01% (v/v) tween 80 until spore pH 5.1+0.1 8.1+0.1
suspension 3 x £Gpore/ml and stirred for 30 min. Ash % 12.30+0.5 10.50+0.5
then using it as inoculum. Total sugar % 56.0+1.0 57.50+1.0
) . Non-fermentable

2.2. Medium and culture conditions. sugar % 4.50%0.2 2.00+0.2

- , _ . Fermentable sugar % 51.50+0.1 55.50+0.1

Modified Czapek's dextrose liquid medium
used for kojic acid production [4@pntaining (g/l): Reducing sugar % 24.9040.1 182401
glucose, 100.0; yeast extract, 5; ¥, 1.0 and Nitrogen % 0.61+0.1 1.310.1
MgSO,.7H,O, 0.5. These contents were dissolved Protein % 3.81+0.1 8.12+0.1
in 1000 ml distilled Water with initia! 'pH.adjL.Jsted Color % brix 22500 16060
to 3 before aut(o)clavmg. After sterilization in an_ Cao % 1 58:0.1 200201
autoclave at 121°C and 1.5 atm pressure for 20 min.
. - 0

chloramphenicol, 250 mg/ml was sterilized separa- P20s % 0.540.01 0.120.01
tely by membrane filtration, using a membrane of SO d! 19.0+2.0 5.4£2.0

pore size 0.22 mm and added as bacteriostatic.agent
Incubation was carried out at 28+1°C on a rotary

shaking (150 rpm) for 7 days. All the experiments 2.4. Optimization using Plackett-Burman design

were carried out independently in triplicates. Afte
the incubation period, mycelium was recovered by
filtration through dried and weighed Whatman filter

Plackett-Burman design was used to screen
the fermentation parameters that influenced kojic
paper (No. 113), washed with distilled water three acid (KA) production [50]. Eleven trails carried

times and then dried at 70 °C overnight for drysnas out by Plackett-Burman design for screening the
(DM) determination. The supernatants were used for fermentation parameters with respect to their main

quantitative determination of kojic acid (KA) and
consuming sugars (CS).

2.3. Screening for kojic acid production on agro-
industrial wastes

Ten agro-industrial wastes collected from

effect and without interaction effects between
various constituents of the medium is shown in
Table 2. Each independent variable was tested at
two levels, high (+1) and low (-1). In each column
and row should contain equal number of negative
and positive signs. Plackett and Burman design was
used to screen and evaluate the important medium

Agriculture Research Centre and sugar factories components that influence the response. Kojic acid
were used in this experiment, namely beet molasses,yields are explained by the following polynomial

cane molasses, mixed of cane and beet molassesgquation:

bagasse, starch water, corn steep liquor, ricevstra
Zea mays waste, onion waste and peanut waste. The

Y=Dbo + Y biXi + Y bijXiXj + Ei (2)
Where, Y; the variable dependent response;

hard wastes were washed to remove dust, separatedi; the regression coefficient; X; the independent

dried, ground and sieved through 1-mm mesh
screen. All wastes were prepared in concentraton 4
g/l. Incubation was carried out at 28+1°C on amota
shaking (150 rpm) for 7 days. All the experiments
were carried out independently in duplicates. The
chemical analysis of beet molasses and cane
molasses showed in Table 1.

variable level; b0 is offset term; bij is interamti
effect and E; the experimental error. The experi-
mental data were statistically analyzed to deteemin
the significant difference §0.05) in response under
different conditions. The response surface graphs
were also plotted using the same software. The
quality of fit for the regression model equationswa
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expressed aB®. The program Sigma XL (Version
6.12) was used to analyze this experiment.

Table 2. Plackett-Burman design for screening kojic

acid production wusing different variables by

Aspergillusflavus.

Variable Variable Unit e i

code Low High

(-1) (+1)
Incubation
A (0 25 35
temperature

B InCl_Jbatlon D 5 9
time

C Fermentation Shaking  Static
type

D Inoc_ulums % 05 5
size

E Initial pH 3 5

F Molasses gl 20 60

G Yeast extract g 3 7

H KH,PO, gl* 0.5 2

J ZnSQ.7H,0 gt 100

K Glycine ugl* 100

L MgSQO,.7H,0 gt 0.1 1

2.5. Analytical analysis

Kojic acid was determined spectrophotomet-
rically using ferric chloride reagent; the develdpe

variation in KA production on the screening medium
ranged from 8.5+0.01 to 10.6+0.01 g/l in submerged
cultures and 7.4+0.02 and 8.9+0.01 g/l in static
cultures. The highest fungus dry mass and kojid aci
producer wasAspergillus flavus (No. 3) giving
10.58+0.01 g/l KA (with productivity 1.51 g/l/day)
and 6.1+0.53 g/l dry mass so it was selected fer th
further experimentsSeveral species of. flavus
group were estimated as kA producers such as
A. flavus, A. oryzae and A. parasiticus [9, 14, 23,
53-58].

Brief description of kojic acid highly producer
Aspergillus flavus Link (No. 3); Growth on CZD
medium 60 mm in one week, Texture floccose
becoming granular, Color bright yellow-green; occa-
sionally yellow-brown, cream reverse. Conidio-
phores roughened; vesicles globose with radiate or
columnar spore production; phialides arising dlyect
or produced on medullae in others; conidia round
to elliptical, 3-6 um; smooth or finely roughened

(Fig. 1).

3.3. Screening for kojic acid production on agro-
industrial wastes byAspergillus flavus Link

Ten agro-industrial wastes were tested as a
carbon source for the growth & flavus (No. 3)
and KA production was illustrated ifFig. 2.
Aspergillus flavus growth and KA production were
largely impressed by the type of waste. The results
indicated that cane molasses promoted both fungal
growth and kojic acid production (15.71 g/l KA,

purple-red color was measured quantitatively agains 20.2 g/l DM) followed respectively by potato waste
substrate-free blank at 540 nm [2, 20, 51]. The water (11.4 g/l KA, 17.5 g/l DM), onion wastes
residual sugar was analyzed spectrophotometrically (9.49 g/l KA, 9.05 g/l DM) and mixed molasses

by anthron method using T60 UV with a split beam

(9.23 g/l KA, 15.6 DM). It is worthy to mention tha

UV visible spectrophotometer covers a wavelength bagasse, corn steep liquor, peanut wastes and rice

range of 190-1100 nm [52].
3. RESULTS AND DISSCUSSION

3.1. Kojic acid production by Aspergillus flavus
isolates

Three isolates oA. flavus (No. 1, 2 and 3)
were screened for their ability to produced kojla

straw contribute low production of kojic acid
matching 0.87, 2.37, 3.62 and 3.98 g/l kojic acid,
respectively. The current study clearly proved that
A. flavus could grow well on cane molasses and
produced a large amount of kojic acid. Utilizatimhn
different carbon sources such as glucose, starch,
sucrose, maltose and cellulose by differ@sper-
gillus species for kojic acid production were studied
by Rosfarizan and Ariff [59]. El-Aasar [19] repaiite

on fermented medium. All the isolates grown on the that glucose also has yield the highest kojic acid
production medium and showed various degrees production by A. parasticus and followed by

of dry mass and kojic acid production. A wide

sucrose and beet molasses. Several quantities of KA
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produced by fungi were recorded previously by immobilized cells ofA. oryzae. Ogawa et al. [61]
several researchers such as: Manabe et al. [60]produced 209/l KA byA. oryzae NRRL 484 using
recorded 40 g/l kojic acid b&. flavus; ElI-Sharkawy shaking culture. Wakisaka et al. [62] produced 24
[57] obtained 60 g/l kojic acid with immobilization g/l KA from the same previous isolate on different
technique byA. flavus ATCC 9179. Kwak and Rhee  medium.

[11] produced 80 g/l kojic acid using, also,

:

34 ) B o]
Figure 1. Aspergillus flavus, A, B: Biserriate phialide (Bi); Conidiophore (Co) angpha (Hy);C: Monoserriate phalide
(Mo); Bars, 10 ump: Fungus growth on Czapek's dextrose agar medium.

3.3. Optimization of KA production using variables was expressed by the following
Plackett-Burman design polynomial equations:
KA (g/l) = (11.98) + (-6.38) * A + (1.35) * B +

The highly kojic acid producerA( flavus (-6.36) * C + (-0.54) * D + (-1.67) *E + (7.98)F
No.3) was chosen for screening the effects of + (1.44) * G + (4.31) *H + (-1.06) * J + (-0.388)
different parameters on KA production using K+ (4.8) * L. 2)
Plackett-Burman design. Each variable was studied CS (%) = (8.52) + (-1.89) * A + (-0.96) * B +
at two levels (-1, 1) as declared in Table 1. (-1.05)* C +(-0.48) * D + (1.32) * E + (2.05) * ¥
Relationship between the response and the screened-0.4) * G + (1.32) * H + (1.89) * J + (-0.49) * K

European Journal of Biological Research 2018; 8 (2): 56-69
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(0.82) * L. (€))
DM (g/l) = (15.37) + (-0.55) * A + (0.25) * B +
(-21)*C+ (1.74)*D + (1.48) *E + (4.79) *F +
(1.77) * G + (0.92) * H + (-0.27) * J + (0.083) * K
(3.47) * L. 4)
The results obtained in Table 3 indicated that

(p>0.05). Among the tested parameters, cane
molasses was the most effective parameters plays a
crucial role in KA production, dry mass and
consuming sugars with 3.99, 4.79 and 7.98
coefficient effect as shown in Pareto-Plot (Fig. 3)

All the predicted values of Plackett-Burman

there was a wide variation in kojic acid produc- design were located in close proximity to
tion of 0.82 to 24.65 g/l, consuming sugar 27.33 to experimental values. This supports the hypothesis
89.87% and dry mass varied between 3.6 and 28.2that the model Eq. (2, 3, and 4) is sufficient to
g/l indicating the important effect of both medium describe the response of the experimental
components and environmental factors on the observations of KA production, dry mass and
production of KA. The ANOVA results are shown consuming sugars (Fig. 4). The main effects of
in Table 4 showed that among the eleven variables, different parameters on kojic acid production by
D (inoculums size), K (glycine) in kojic acid A. flavus showing effect of two variables (other
production; B (incubation time), J (Zng@H,0), variables were kept at zero in coded unit indicated
K (glycine) in dry mass; G (yeast extract) in inFig.5.

consuming sugars were found to be non-significant

Aspergillus flavis 2 W Aspergillusflavus 3 I

I W 4 spergillus flavus 1

Kojic acid (g1)

EBeet Cane Mixed Potato Corn
molassesmolasseanolasses waste  steep
water liquor

Onion
wastes

Bagas Peanut Zea Rice
wastes wastes straw

Different wastes

I B A spergillus flavus 1 © Aspergillus flavus 2 B Aspergilius flavus 3 I

Dry mass (g1)

Peanutwastes  Rice straw

Beetmolasses Mixedmolasses Cornsteep
liquor

Differ ent wastes

Figure 2. Screening for kojic acid production on different@industrial wastes by three specied\gbergillus.
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Parameters
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-
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A Percentage effect
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——
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——
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o

Parameters

C A ; Perc;lntage eff ectﬁ B W

Figure 3. Pareto-Plot for Plackett-Burman parameter detersmthe effect of each parameter on kojic acid preduay
Aspergillus flavus (3), A: Kojic acid (g/l); B: Dry mass (g/l) and Consumed sugars (%).

_ 25 - 100
Z El 90 1
2 7 80
= N g - |
=:51 15 = Q *
t= g2 60 1
3 < 10 4 £% 50
- .
% p E 40 1
= = 30
£ 04 . . . . . . E 20 ]
0 5 10 15 20 25 30 20 40 60 80 100
A Expermental values of kojic acid (g/1) B Expermental values of kojic acid (g/1)
- 30 1
E
=z 20 +
k)
5
=
HEN
S 10 o
T
£
= 0 v v v v J
o . - =
0 5 10 15 20 25 30
Expermental values of kojic acid (g/1)
C

Figure 4. Comparison between kojic acid (g/l) experimentadl gmedicted values of the Plackett-Burman design by
Aspergillus flavus (3), A: Kojic acid (g/l); B: Dry mass (g/l) and Consumed sugars (%).

Three-dimensional response surface curves regression and mean square residual due to the
were generated to study the interaction between real error) was 197.79 (p<0.05), DM was 207.74
each two variables (Fig. 6). The Model F value of (p<0.05) and CS was 44.09 (p<0.05) implies that the
KA (value is calculated as ratio of mean square model is significant. TheR® value was 99.45%,
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99.48% and 97.59% for KA, DM and CS, respec- 98.95%, 99% and 95.37% for KA, DM and CS,
tively indicated that the entire variation was respectively.
explained by the model. The adjust@dvalue was

e [t ation timz=-1

—— pizuhatiorithe =1

—#— Molasses=-1 —B— Wlolasses=1

E: IntianlpH

15 15
. o
5 5 10 - .
-2 = % +
D T T
0 - T
1 1 1 1
A Incubation teraperature B: Incubation time
—#— Inoculutn size =-1 —#— Inoculum size =1 + KH2POM4 = -1 B— KH3POM4 =1
1 15
Eﬁ 10 % 10 B
R < 3 & __.
D | . I:I T T
1 1 1 1
C: Fermentation type D: Inoculmn size
——4—— Ferm entationtype=-1 —8— Ferentationtsype=1 —4— IntialpH=-1 —@— IntialpH=1
15 .15
% 10 — - % 10
5 3 » 5 s
0 _
1 T D T T
-1 1

F: Molasses

e Iabatior terpersme = -1

i Funihation terupersime = 1

—4— Yeastextract=-1 —— Yeastextract=1

13 15
% 10 ¢ %. 10
- s 5 s
[ |
D D T T
-1 1 -1 1
G Wen st extract H: KH2ZPO4
—=#— DMlolasses=-1 —@— Molasses=1 —+— Teastextract=-1 —8— Veastextract=1
15 15
= 10 C+ — é 10
= =
s s ./
0 ! 0
-1 L -1 1
J0 Glycine

L: MgSO4
Figure 5. Main effects of different parameters on kojic apidduction byAspergillus flavus (3) showing effect of two
variables (other variables were kept at zero iredaghit).
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Figure 6. Response surface plots of kojic acid productionAlggergillus flavus (3) showing the effect of two variables
(other variables were kept at zero in coded ur(i§) :Molasses and Incubation temperature, (B) Ms#asand MgSg) (C)
Molasses and fermentation type, (D) Incubation temajure and incubation time, (E) Incubation tempeea and

Fermentation type, (F) Molasses and initial pH.

Maximum KA production (24.65 g/l) by.

flavus obtained under the fermentation conditions:

incubation temperature at Z5 incubation time 9

days, pH 3, inoculums size 0.5%, shaking rate @t 15
rpm and medium constituents: Cane molasses 60 g/l,the cultural medium has already been acidified by

yeast extract 7 g/l, K#PQ, 2 g/l, ZnSQ.7H,O 100

g/l and MgS04.750 1 g/l. In agreement with our
results; Lin et al. [17, 633howed that the optimal
pH values for the production of kojic acid were,4.5

6.2 and 6.5 byA. flaws, A. parasticus and

A. oryzae. Optimal pH for producing KA 3 obtained

by strains ofA. oryzae, this could be explained by
the optimal pH of the KA-producing enzymes is
around pH 3.5 [21, 59]. Also, secondary metabolites
produced in the late log-stationary phases, in kwhic

various acidic primary metabolites (itaconic acrd o
citric acid) [64, 65]. Optimum temperature for koji
acid production by fungi in the most of the cases
was found to be 25-30°C [63, 66].
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Table 3.Plackett-Burman design variables with kojic acidduction byAspergillus flavus as response.
Kojic acid (g/l) Dry mass (g/l) Consumed sugars %

Trials A B C D E F G H J K

Experimental Predicted Experimental Predicted Expeimental Predicted

1 -1 -1 1 1 1 -1 1 1 -1 1 -1 1.25 1.04 12.20 11.55 78.25 80.90
2 1 -1 1 -1 -1 1 1 1 1 -1 1.68 1.54 8.20 8.15 .085 87.46
3 -1 -1 -1 1 1 1 -1 1 1 -1 4.30 4.17 18.10 18.40 45.28 46.28
4 -1 -1 -1 -1 -1 -1 -1 -1 - -1 -1 4.24 4.25 4.00 .83 61.48 66.15
5 -1 -1 -1 -1 1 1 1 -1 1.39 1.54 8.10 8.15 .889 87.46
6 -1 1 1 -1 1 -1 -1 -1 1 2.94 3.25 19.80 20.10 79.46 78.98
7 -1 -1 1 1 1 -1 1 1 -1 1 -1 0.82 1.04 10.90 11.55 83.55 80.90
8 -1 1 -1 1 -1 1 -1 -1 6.70 7.06 15.00 16.15 58.76 57.65
9 1 -1 -1 -1 1 -1 1 1 -1 4.04 4.17 18.70 18.40 47.28 46.28
10 1 1 -1 1 -1 1 -1 -1 -1 3.44 3.48 12.60 13.35 71.61 76.23
11 -1 -1 -1 -1 1 1 1 -1 1 1 22.82 23.74 26.20 326. 66.60 63.82
12 -1 1 1 -1 1 -1 -1 -1 3.52 3.48 14.10 13.35 80.84 76.23
13 -1 -1 -1 -1 1 1 -1 1 0.99 1.00 10.20 10.25 80.62 77.05
14 -1 -1 -1 1 1 -1 1 -1 1 18.04 18.06 27.90 028. 27.33 26.96
15 -1 1 1 -1 -1 -1 1 1 1 0.88 0.93 8.90 9.60 3.85 53.89
16 1 -1 1 -1 1 -1 -1 1 1 3.57 3.25 20.40 20.10 78.50 78.98
17 -1 -1 -1 -1 1 1 -1 1 1 24.65 23.74 26.50 326. 61.04 63.82
18 -1 -1 1 -1 1 -1 -1 7.41 7.06 17.30 16.15 56.55 57.65
19 1 -1 -1 -1 -1 -1 1 1 1.92 3.36 18.50 18.65 73.07 74.60
20 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 4.25 4.25 3.60 3.80 70.81 66.15
21 -1 1 -1 1 -1 -1 1 1 1 0.97 0.93 10.30 9.60 53.96 53.89
22 1 -1 -1 -1 -1 1 -1 1 1.01 1.00 10.30 10.25 73.47 77.05
23 -1 -1 -1 1 1 1 -1 1 1 -1 1 18.09 18.06 28.20 028. 26.58 26.96
24 1 -1 1 1 -1 1 -1 -1 -1 1 1 4.80 3.36 18.80 18.65 76.13 74.60

The sign +1 and -1 represent the two different lle\(bigh and low) of the independent variable ungefestigation. A: Incubation temperature, B: Inatibn time,
C: Fermentation type, D: Inoculums size, E: Iniitd, F: Molasses, G: Yeast extract, H: &y, J: ZnSQ.7H,0, K: Glycine and L: MgSQ7H,0.

European Journal of Biological Research 2018; 8 (2): 56-69



66 | Zohri et al. Kojic acid production by fungi

Table 4. Statistical analysis of Plackett-Burman designawfrevariable at two levels for kojic acid produntiay Aspergillus flavus.

Coefficient t value P value
Vir(;?jt:e Variable Kojicacid  Dry mass Consumed Kpjic r:;)és Consumed Kpjic Dr); Consumed
(g/l) (gl sugars % acid (g/l) sugars % acid (g/l) sugars %
(9/) (g/)
Constant 5.990 15.367 65.830 40.055 104.901 87.6150.0000*  0.0000* 0.0000*
A Incubation temperature -3.189 -0.550 7.602 -239.32 -3.755 10.118 0.0000*  0.0027* 0.0000*
B Incubation time 0.677 0.250 3.842 4.526 1.707 1%.1  0.0007* 0.1138 0.0003*
C Fermentation type -3.179 -2.108 4.223 -21.258 .393! 5.620 0.0000*  0.0000* 0.0001*
D Inoculums size -0.271 1.742 1.928 -1.811 11.890 .56@ 0.0952  0.0000* 0.0247*
E Initial pH -0.833 1.475 -5.292 -5.574 10.069 480  0.0001*  0.0000* 0.0000*
F Molasses 3.989 4.792 -8.241 26.675 32.711 -10.968.0000*  0.0000* 0.0000*
G Yeast extract 0.720 1.767 1.617 4.815 12.060 12.15 0.0004*  0.0000* 0.052%
H KH.PO, 2.153 0.917 2.906 14.400 6.258 3.868 0.0000* @BOO 0.0022*
J ZnSQ.7H,0 -0.529 -0.267 -7.616 -3.541 -1.820 -10.137 0.60410.0937" 0.0000*
K Glycine -0.194 0.083 1.995 -1.299 0.569 2655 184" 05799  0.0210*
L MgSO,.7H,0 2.401 3.467 -3.282 16.058 23.665 -4.369 0.0000*.00@* 0.0009*

t — student's test, p — corresponding level ofi@gmce,* Significant at p0.05,", non-significant aty0.05.
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4. CONCLUSION

From the outcome of our investigation it is
possible to conclude that non-toxigeispergillus
flavus can be highly recommended in industrial
production of kojic acid. Also using statistical
method in optimization for improving the produc-
tion has a great potential for applications and was
very effective in our study as the production of KA
(24.65 g/l) in this paper increase with 2.33-foid i
comparison to the production of original level
(10.58 g/l) using Plackett-Burman design.
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