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ABSTRACT

In this work, three factors, five-level central quosite design was used to optimize protease pramuby Rhizopus
oryzae CH4 grown on wheat gluten. Gluten conceiutnatstarch concentration and inoculums sizes $icgmtly
affected protease production. The optimal combaretiof media constituents for maximum protease ywtzh
(266.5 UP mif) were determined as gluten concentration 22.5 gstarch concentration 30 ¢ land inoculums size
5x1@ spores mt. Under the proposed optimized conditions, thegasé experimental yield (266.5 UP)ntlosely
matched the yield predicted by the statistical nh¢284.4 UP mf) with R=0.981. An overall 2.9-fold increase in
enzyme production was achieved in the optimizediumedOn subsequent scale-up in a 20-l bioreactangis
conditions optimized through RSM, 258.2 UP* mil protease was produced in 60-72 h. This cleadijcated that
the model remained valid even on a large scale.r€laively higher protease production by Rhizopagae CH4
showed promise of offering great potential as ade in the bread making industry.
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INTRODUCTION

Microbial proteases play an important role in bobteological processes and they account for appibeiin 59% of
the total enzymes used [1]. Proteases are prodwgce@dwide range of microorganisms including baetemoulds
and yeasts. Fungal protease is one of the majepmsafor the wide popularity of fungi in fermentattiindustry.
They find application in modern and biochemicalustlies; food, environmental and pharmaceuticatgssing.

Nowadays, Proteolysis of food proteins by microkiadymes has been suggested to reduce their allengeatential
and produce hypoallergenic products [2-5]. Durinigrobial fermentations proteolytic enzymes can bedpced
and they can degrade milk protein allergens [4]ceRé studies [6, 7] showed that pools of lactiaddoacteria
supplemented with fungal proteases under speaificgssing conditions (long-time and semi-liquidnfentation)
had the capacity to hydrolyze the wheat gluten awjmg their digestibility (Disease known as glutatolerance or
celiac disease). Fungal proteases routinely usedkery industry, are indispensable to start thamy proteolysis

of gluten [7]. Among fungi, proteases Aspergillus oryzae@ndA. niger, used for bakery applications have been
found to degrade gluten polypeptides [7]. The bafedds manufactured by the mixture of lactobaaifid fungal
protease were not toxic for celiac disease pati@jts

Stepaniak et al. [9] proposed protease frlaspergillus nigeras an oral supplement to reduce the gluten intake
celiac disease patients. The same approach wastigated by M’hir et al. [6] where fungal protedsam R. oryzae
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(supernatant preparation) was used to hydrolyseatvgliten during long-time fermentation. Among fyntpe
Rhizopussp. is specific producers of extracellular protsagi]. Also, Rhizopusstrain was used to hydrolyse
allergenic proteins from buckwheat [11].

Our early study on the crude extracellular-protegasparation fronRhizopus oryzgeshowed this enzyme to be
capable to increase proteolysis in wheat dough [6].

This study reports the statistical optimization tbé medium for maximizing the production of the ywne.
Proteolytic activity byRhizopus oryzaen gluten medium has been evaluated by usirigcargral composite design
(CRD) and response surface methodology. The paeasédhvestigated were gluten concentration, starch
concentration and inoculums size.

MATERIALS AND METHODS

Microorganism and inoculums preparation

Rhizopus oryza€H4, belonging to the Culture Collection of thebbaatory of Ecology and Microbial Technology
was used in this study. The culture was grown datpadextrose agar (PDA) plates at 30 °C for fiagdand the
stock culture was maintained at 4 °C. To prepam@esinoculums, agar plates containing sporulatiwegf were
washed with sterile water to obtain a spore suspen$pore count of the suspension was measured) uise
Malassez cell.

Culture media for protease production

Gluten (Sigma, G5004 Sigma #G5004, St Louis, MOAU®Bas used as substrate for protease productivm.500

ml Erlenmeyer flask, gluten was mixed with an eneymoduction medium (100 ml), containing {):IKH,PQ, 2;

KCI 5; FeSQ *7 H,0 0.18; NaHPQ, *H,0 1.1; NaHPQ, *12H,0 8. The cotton plugged flasks were autoclaved at
121 °C for 20 min. After cooling the medium, theyn® inoculated with an appropriate volume of thersp
suspension then kept on rotary shaker (200 rprmpgahanent conditions for 72 h. The supernatanOQ g for

20 min at 4 °C) was used for the protease assay.

Protease activity was assayed with azocasein astraté by the method previously described [6]. Tiethod
mentioned by Han et al. [12] was used to quantifytgase activity with modification. Exactly 100 @fl R. oryzae
CHA4 supernatant and 300 pl of azocasein (2 %) (disgolved in citrate buffer at pH 5.2 were mixédg] volume

600 ul). The mixtures were incubated for 2 h atGl5Fhe reaction was stopped by addition of 2 mL@®6 TCA

(trichloroaceticacid) (w/v) and the samples werkl ier 10 min in ice water before it was centrifdgE0,000x g

for 5 min). A unit of enzyme activity (UP) was defid as the amount of enzyme that produced an weEriga
absorbance at 440 nm of 0.01 after 2 h at 45°CitrArly unit of proteolytic activity (UP rff) was determined.

Experimental design

The factors studied were as follows: inoculums ,s&arch as carbon source, gluten concentratiarh eawhich
was assessed at five coded levels as shown in Talifer the three factors, the design was madef upfoll 2°
factorial design with its eight points augmentethwidour replications of the centre points (all fastat level 0) and
the six star points, that is, points having for éaetor an axial distance to the centre af, avhereas the other two
factor are at level 0. The distance of the axiah{zowas + 1.68d). A set of 18 experiments was carried out (Table
2) (N = X + 2K+ ny, K=3, ny= 4). After running the experiments and measurirggdctivity levels, the experimental
results of RSM were fitted with the response swrfaegression procedure using the following secordkro
polynomial equation:

Y=Bo+ 2 Bi Xi+ 2 B Xi2+ 3 By XiX;
i i j

In this equation, Y is the predicted proteolyticzgme production (response); #nd X are the levels of the
independent variablegy is the intercept terng; is the linear coefficien}; is the quadratic coefficient an@j; is the
interaction coefficient. Nemrodw software packageswised for the regression analysis of the expataheata
obtained [13]. The quality of the fit of the polyn@l model equation was expressed by the coeffican
determinationR?, and its statistical significance was checked hyFatest. The significance of the regression
coefficient was tested by a t-test. The level ghsicance was given as **P< 0.001, *P< 0.01, P< 0.05.
Differences with p-value superior to 0.05 were nohsidered significant. For the validation of CGiptimum
conditions were fixed on the basis of the dataiobthfrom the experimental design.

Protease Production in a Bioreactor
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The verification of the statistical model for prase production was carried out in a 20-L biorea@aslafite) (with
a working volume of 12I). The optimized medium vesrilized in situ at 121°C for 20 min and inocathtwith an
appropriate amount of inoculum (6.6°1<pores mt). Fermentation was carried out at 30 °C for 72ith the pH
controlled at 6.0. The impeller speed was initi@tjusted to 97.5 rpm, and compressed sterile @érsparged into
the medium at a constant rate of 1 vwm. 0.1% aatifdv/v) was added to the reactor before steribnatSamples
were withdrawn and analyzed for protease production

RESULTS

Based on earlier studies, gluten concentratiorguhons size and starch concentration were idedtdige the major
factors affecting protease production IBhizopus oryzaeCH4. A total of 18 experiments with different
combinations of the three variables were performidn: experimental design and the results are shiowiable2.
The highest protease activity (266.5 UP™miwas observed at run number 12, where the factbugen
concentration, starch concentration and inoculuizes were used at their levels 22.5%9 80 g I* and 5x16spores
ml™ respectively. This activity was about 3 fold highiean that observed at run number 6, where tlzeatlfactors
were used at high levels for X+1) and X% (+1) and low level for X(-1).

The protease production (Y) IRhizpus oryzaean be expressed in terms of the following regoessquation:
Y = 261.233 -19.138 X+ 27.627 % + 14.075 % — 28. 721 X*— 18.733 %% — 42. 332 ¥+ 14.125 XX, + 2.750
XXz + 33.750 %X3; where X =gluten concentration, ¢ Starch concentration,zX inoculums sizes

The regression coefficients and the analysis ofvidréance (ANOVA) indicate the high significance tob model
(Table 3). The high®? value 0.981 showed the good agreement betweesxrerimental results and the theoretical
values predicted by the model [14]. TRevalue is always between 0 and 1. The closer thie ® 1.0, the stronger
the model and the better it predicts the respotsé [The value ofR? indicated that only 1.9 % of the total
variations were not explained by the model. Theigalf the adjusted determination coefficient (&dj= 0.959)
was also very high to advocate for a high signifaz of the model [15]. A lower value of coefficiesft variation
(CV= 4. 28 %) showed the experiments conducted wereise and reliable [16].

The significance of each coefficient was determitgdP-values which were listed in Table 4. The ANDV
analysis of the optimization study indicated that X,, X,%, Xs?, X, X3 were more significant (p< 0.001) than the
effect of other variables. Gluten concentration bhadegative effect on protease production, howestarch and
inoculums size exerted a positive influence. Staxwhcentration was the most important factor aiifgcprotease
production f, = 27.627,P< 0.001). Negative quadratic effects were obtaifeedyluten, starch and inoculum size.
Positive interaction was shown between gluten aactls (P< 0.01), and between starch and inoculunesat the
P< 0.001 probability level. The coefficient of theéraction XX; was found to be not significant.

The 2D contour plot and 3D response surface wemergdly the graphical representation of the regoessquation.
Fig 1 represented the 3D contour plots for themigéition of medium components of protease prodoctitach
figure presented the effect of two variables on ghaduction of protease, while other two variablese held at
zero level. Maximum protease production (266.5 UP)mwvas achieved at gluten 22.5 § ktarch 30 g} and
inoculums size 5x Tspores mt. As is shown in Fig 1 A, a linear increase in peste secretion was observed when
gluten and starch concentrations were increasedn Bhnegative effect was observed when gluten cratmsn
increased. In Fig 1B protease production couldinotease with increasing gluten or inoculums leveig 1C
depicts the interaction of inoculums size and $taancentration where the shape of the respon$acsuindicates
positive interaction between these two factors. khaxn enzyme production was recorded in the midelels of
both the factors while further increase in the Igvesulted in a gradual decrease in yield.

Table 1. Experimental codes, ranges and levels dfet independent variables of the ¥factorial design

. Levels
Symbol code Independant variables 168 X ) ) 168
X1 Gluten (g I*) 15 18 225 27 30
Xz Starch (g I*) 20 22 25 28 30
X3 Inoculum size (sporesmb)  10°  2.1¢ 510 810 10
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Figure 1. Contour plots and response surface plobf protease production showing the interactive effets of : (a) the gluten (%) and
starch concentrations (%), (b) gluten concentration (%) and inoculums sizes (¥, and (c) starch concentration (%) and inoculums sizes

(X3). proteolytic activity: was expressed as UP il
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Table 2. Experimental design and results of centratomposite design for the optimization of proteasproduction

Run X Xz Xz Proteolytic activity (UP mf)
Experimental Predicted

1 -1 -1 -1 190.00 199.508
2 1 -1 -1 120.00 127.483
3 -1 1 -1 148.50 159.011
4 1 1 -1 134.00 143.486
5 -1 -1 1 150.00 154.659
6 1 -1 1 90.00 93.633
7 -1 1 1 242.50 249.162
8 1 1 1 240.00 244.637
9 -a 0 0 224.00 212.184
10 +a O 0 156.00 147.812
11 0 - 0 170.00 161.786
12 0 +a O 266.50 254.711
13 0 0 -a 133.00 117.826
14 0 0 +a 170.00 165.170
15 0 (0] 0 262.000 261.233
16 0 (0] 0 257.000 261.233
17 0 0 0 260.000 261.233
18 0 0 0 262.500 261.233

Average value of duplicate determination excepigmesoints 15 to 18

Table 3. Analysis of variance for protease produan

Source of variation| Sum of squargs  Degrees of fieed  Mean square Ratio Significange
Regression 5.73468E+0004 9 6.37187E+0003 44.§736 * **
residuals 1.13597E+000B 8 1.41996E+0Q02
Total 5.84828E+0004 17

** Denotes significant at 0.1 % level ;R 0.981; CV = 4.28 %; Adj R= 0.959; Pred R= 0.855

Table 4. Test of significance for regression coetfient

Model term | Coefficient estimate  Standard erfor  Bicgmce %
Intercept 261.233 5.949 i

X1 -19.138 3.224 ok
Xz 27.627 3.224 rokk
X3 14.075 3.224 xx
Xq2 -28.721 3.350 rokk
X2 -18.733 3.350 rokk
X4 -42.332 3.350 ok

XXz 14.125 4.213 **

X1X3 2.750 4.213 53.8%

XoX3 33.750 4.213 rokk

The level of significance was given as *** P< 0.08P< 0.01, *P< 0.05
DISCUSSION

The crude enzyme &thizopus oryza€H4 strain showed in previous study gluten hydsisly6]. The improvement
of microbial protease production is the purposaeferal investigations. In general, no defined omedhas been
carried out for the production of proteases frorfiedént microorganisms; each strain has its spec#iguired

conditions for maximum enzyme production. The ustatistical models to optimize culture medium Eaments
and conditions has increased in present-day biotdoby, due to its ready applicability and aptndss 18]. In the

previous study, the significant variables necesdaryenhanced protease production were selecteadg ukie

fractional factorial design (data not shown). Amdhg three significant variables selected, stam@centration,
inoculums size and gluten concentration were fotmnahfluence enzyme secretion. Complex carbon ssutike

starch constitute better substrates for proteasdugtion than simple sugars, such as glucose, wtachinduce
catabolic repression [17, 19].

In the literature, only the report of Tunga et[a0] used factorial design technique to optimizeuiure medium for
the production of protease Whizopussp. WhereasRhizopussp. are well known to produce high proteolytic
enzyme [21-23]. Tunga et al. [20] has been invastid three inducers: biotin, metal ion (CA@nd plant hormone
to maximize protease production. Gluten was noallysused as nitrogen source due to high costhiigtudy, we
investigated on gluten to induce protease produdtip this fungus to produce protease able to b@akdt. This
protein was complex and resist to proteolysis. é&sg production biRhizopusspp. grown in media containing
cereal storage proteins has not been studied pr&yioOnly the study of Pekkarinen et al. [24] indiprotease
production byFusarium culmorumwhich grown in gluten-containing media at a concation 8 g . This strain
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produced 1400 U of the enzyme, as estimated bywzbgelatin method. In the study of Shivakumar [28Bheat

flour used as agro industrial supported a higte titf protease activity. Application of different theds and the
definition of enzyme units to estimate the enzynyevharious authors using different substrates sgltasein,
haemoglobin, methylcoumarylaminoacid (MCA), azogase gelatin make the comparison difficult. Howewveur

estimations have shown that the protease actipipyears to be as good [6].

Concerning inoculums sizes, an increase in the mazgctivity was recorded with increasing concemrabf
spores in inoculums until a limit (about 5X1<pores mt) over which the enzyme activity decreases. Thiesknig
are in line with several reports [20, 26]. An ingse in the size inoculums did not reveal increg@setkase activity.
For Rhizopus oryza®lRRL 21498, the optimum spore concentration regluifior maximum protease activity was
about 2 x10spores g of wheat bran.

Validation of the model in shake flask culture

The suitability of the model equation for predigtithe optimum response value was tested usinget@mended
optimum conditions. When optimum values of indemendvariables (gluten concentration 22.1°% s$tarch

concentration 27 g'| inoculums size 6.6 £Gpores mt) were incorporated into the regression equati@d,27 UP

ml™* was obtained whereas experiments at optimum dondigave a protease production of 270.1 UP. ffihus,

predicted values from fitted equations and obsewatdes were in very good agreement.

Verification of Model in a 20-L Bioreactor
The conditions obtained as optimum through RSM \ieedly verified in a 20-L bioreactor. Proteaseguction
was 258.2 UP riflwas was obtained between 60 and 72 h of growth.
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