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Optimization of medium composition and culture conditions for mannan-degrading
enzymes production by Aspergillus niger was carried out in shake flasks and 2 L stirred
tank fermenter. Preliminary, three potential strains (Sclerotium rolfsii, Rhizopus oryzae
and A. niger) were screened, and A. niger was used for subsequent study. The mannan-
degrading enzymes were purified partially and characterized with regard to pH optima
and stability, temperature optima and stability, and K;,, and V.« values. The influence of
agitation speed, aeration rate and incubation temperature on the production of mannan-
degrading enzyme in batch fermentation using 2 L stirred tank fermenter were also

investigated.

Highest level of p-mannanase activity was obtained when guar gum (1495 nkat mL™) and
bacteriological peptone (1744 nkat mL™) were compared to other carbon (locust bean

gum, cellulose, carboxymethylcellulose and glucose) and nitrogen (peptone from meat,



yeast extract, ammonium sulphate, nitrate and citrate) sources used. The conditions
predicted for the maximum production of B-mannanase through the use of response
surface methodology were at pH 5.47, 57 g L™ bacteriological peptone and 21.3 g L™
guar gum. The maximal f-mannanase, endoglucanase, B-mannosidase and galactosidase
activity obtained from the predicted equation was of 2010.8, 34.8, 1.6 and 39.0 nkat mL"

! respectively.

The optimal temperatures for B-mannanase activity were 50°C and 60°C, with half-life
(t12) of 6 h at 60°C and 4 h at 70°C. The optimal temperature for endoglucanase activity
was 60°C, with t;, of 6 h at 60°C and 45 min at 70°C. The optimal temperature for -
mannosidase was 70°C with t;, of 1.5 h at 70°C. While the optimal temperature for o-
galactosidase activity was 50 to 60°C with t;, of 2.5 h at 60°C. The B-mannanase,
endoglucanase and a-galactosidase had a pH optima at 3.5 while B-mannosidase at pH
3.0. The enzymes characterized in this study were defined as acidic proteins. The B-
mannanase, B-mannosidase, a-galactosidase and endoglucanase showed good stability at
pH values of pH 3.5 — 7.0, pH 3.5 — 6.5, pH 3.5 — 5.0 and pH 4 — 7, respectively after a
prolonged incubation (24 h at 50°C). High substrate specificity of crude culture filtrate,
with low Ky, value of p-mannanase (0.04 mg mL™), endoglucanase (0.54 mg mL™), p-
mannosidase (1.67 mM) and a-galactosidase (1.34 mM) indicates the synergistic effect of
the enzyme mixture had occurred. The value of Vi, for B-mannanase, endoglucanase, 3-
mannosidase and a-galactosidase were 0.52, 0.12, 1.72 x 107 and 4.68 x 10 nmol mL"

. .
min’, respectively.



A fermentation in 2 L stirred tank fermenter using optimized medium yielded 678 nkat
mL" B-mannanase, associated with 1.25 nkat mL™ B-mannosidase, 18.46 nkat mL"' a-
galactosidase and 40.15 nkat mL" endoglucanase at impeller tip speed of 0.82 m s,
aeration rate of 0.1 vvm and incubation temperature of 35°C. Higher degree of agitation
speed and aeration rate had an inhibitory effect on the production of mannan-degrading

enzymes.
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Pengoptimaan komposisi media dan keadaan kultur untuk penghasilan enzim bagi
mendegradasikan mannan oleh 4. niger dijalankan di dalam kelalang penggoncang dan
tangki fermenter pengaduk 2 L. Sebagai permulaan, tiga strain (Sclerotium rolfsii,
Aspergillus niger and Rhizopus oryzae) yang mempunyai potensi telah dipilih dan A.
niger telah digunakan untuk kajian yang seterusnya. Enzim utk mendegradasikan mannan
telah ditulinkan separa dan dicirikan untuk penentuan pH optima dan kestabilan, suhu
optima dan kestabilan, dan nilai K, and Vp.. Kesan kelajuan putaran, kadar
pengudaraan dan suhu inkubasi kepada penghasilan enzim bagi mendegradasikan
mannan dalam fermentasi suapan sesekelompok menggunakan tangki fermenter

pengaduk, 2 L juga dikaji.

Tahap tertinggi bagi aktiviti B-mannanase didapati apabila gum guar (1495 nkat mL™)

dan pepton bakteriologikal (1744 nkat mL"') dibanding dengan sumber karbon (gum



kekacang locust, selulos, karboksimetilselulos and glukosa) and nitrogen (pepton
daripada daging, yis ekstrak, ammonium sulfat, nitrat and sitrat) lain yang telah
digunakan. Anggaran keadaan bagi penghasilan maksimum [-mannanase melalui
penggunaan kaedah tindakbalas permukaan (response surface methodology) adalah pada
pH 5.47, 57 g L' pepton bakteriologikal dan 21.3 g L' gum guar. Anggaran aktiviti
maksimum bagi -mannanase, endoglukanase, f-mannosidase and galaktosidase yang

didapati dari persaman, masing-masing adalah 2010.8, 34.8, 1.6 and 39.0 nkat mL™",

Suhu optima bagi aktiviti B-mannanase ialah 50°C dan 60°C, dengan jangka separa hayat
(ti2) selama 6 jam pada 60°C dan 4 jam pada 70°C. Suhu optima bagi aktiviti
endoglukanase ialah 60°C, dengan t;,; selama 6 jam pada 60°C dan 45 minit pada 70°C.
Suhu optima bagi B-mannosidase adalah pada 70°C dengan t;,, selama 1.5 jam pada 70°C.
Sementara itu, suhu optima bagi aktiviti a-galaktosidase ialah pada 50 ke 60°C dengan
ti, selama 2.5 jam pada 60°C. B-mannanase, endoglukanase dan o-galaktosidase
mempunyai pH optima yang sama iaitu pada 3.5 sementara B-mannosidase pada pH 3.0.
Enzim yang dicirikan di dalam kajian ini didefinasikan sebagai protein berasid.
Kestabilan yang baik pada pH ditunjukkan oleh P-mannanase, B-mannosidase, o-
galaktosidase and endoglukanase, masing-masing pada pH 3.5 —-7.0, pH 3.5-6.5, pH 3.5
— 5.0 dan pH 4 — 7 selepas inkubasi (24 jam pada 50°C). Kespesifikan substrat yang
tinggi bagi filtrasi kultur kasar, dengan nilai K,,, yang rendah bagi -mannanase (0.04 mg
mL™), endoglukanase (0.54 mg mL™), B-mannosidase (1.67 mM) and a-galaktosidase

(1.34 mM) menggambarkan yang kesan sinergistik telah berlaku pada campuran enzim.



Nilai Vyax untuk B-mannanase, endoglukanase, B-mannosidase and a-galaktosidase
masing-masing adalah 0.52, 0.12, 1.72 x 10™ and 4.68 x 10~ nmol mL™" min™".

Fermentasi dalam tangki fermenter pengaduk 2 L menggunakan medium yang telah
dioptimakan menghasilkan 678 nkat mL™' f-mannanase, berserta dengan 1.25 nkat mL™
B-mannosidase, 18.46 nkat mL™" o-galaktosidase dan 40.15 nkat mL™ endoglukanase pada
kelajuan hujung pemutar 0.82 m s, kadar pengudaran 0.1 vvm dan suhu inkubasi pada
35°C. Peningkatan darjah kelajuan putaran dan kadar pengudaraan mempunyai kesan

perencatan pada penghasilan enzim untuk mendegradasikan mannan.
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