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ABSTRACT

Choice of most suitable concentration of beet pulp, beet
leaves and beet inolasses for production active inveriase enzymes
by Asp. niger mold was performed. Testing the hydrolytic activity
of produced enzymes was aise studied.

Results indicated that produced invertase enzyroes achieved
their maximum levels 189.3 and 133.2 unit/100 m! medium, when
2.5% beet pulp and 4% beet leaves were used as carbon source in
production media. The biosynthesis of invertase enzymes by Asp.
riger were also induced by about 2.3 and 3.7 {olds in beet pulp and
beet leaves media by addition 1% and 3% beet molasses by-product
to such media, respectively. Dynamic study shows that maximum
enzyme activities 231.2, 447, 155.5 and 517.5 umt/100 mi medium
were recorded after 7", 5%, 4™ and 6™ day of fermentation period
using selected media contatning 2.5% beet pulp, 2.5% beet pup +
1% beet molasses, 4% beet leaves and 4% beet leaves + 3% beet
molasses, respectively. High hydrolytic activity of produced
invertases indicated that the maximum conversion percent of 20%
sucrose syrup were 86.75, 82.03% and for 40% sucrose syrup were
92.69%, 89.2% which occutred by invertases produced in beet pulp-
molasses medium and beet leaves-molasses medium, respectively.
Such converted syrups are considered as a source of fuel, food,
chemicals, vitamins and wmultitude of other useful products.

INTRODUCTION
The problems of utilizing agro-industrial wastes as a raw
materials for the production of chemicals are greatly simplhified if
they are first converted to giucose and other sugars that
accomplished by etther acid or enzymatic hydrolysis. These sugars
can be used as microbial substrales to produce a variety of
fermentation chemicals (alcohols, solvents... etc.) or single-cell



606 Nariman, O.A. et al.

protein or they can serve as the base for the manufacture of organic
chemicais. In addition, the enzymatic process offers the advantage
of being carried out at moderate reaction condition of pressure and
temperature and eliminating problems of producing unwanted by-
product or reversion compounds (Andren ef al.. 1975).

Enzyme catalyzed svnthesis of oligosaccharides has a
number of attractions. However, most of the processes so far
established at the laboratory scale have not been scaled up yet. This
1s partly becausc of the low yield, high cost of appropriate enzymes
({especially 1the transferases) and suitable substrates. B-D-
fructofuranosidase (invertase EC 3.2.1.26) and sucrose are well
known, readily available and relatively in expensive, so they should
be considered the ideal for large scale application (Somiari and
Bielecks, 1995).

Fructo-oligosaccharides become of major interest because of
their favorable functional properties. They are now produced
commercially through the enzymatic synthesis from sucrose by
microbtal B-D-fructosyltransferases (Flases, BC 2.4.1.9) or B-
fructofuranosidases (invertases) (Fases, 3.2.1.26) with high
transfeructosylating activities {Chen, 1995).

According to the previous considerations, the present study
was designed to produce the active invertase using some agro-
mndustrial sugar beet crop by-products (beet pulp and leaves) as
carbon source in the production media of Asp. riger mold. Inducing
effect of bect niolasses on the production of invertase and the
suitable fermeniation period were determined. The hydrolyiic
afficiency of the obiained enzymes for producing invert sugars
syrup from sucrose was also investigated.

MATERIALS AND METHODS
L Materials:

Organidm:  Aspergillus niger mold used fur invertases
production was supplied by Department of Agricultural Chemical
Technelogy, Faculty of Chemical Engineering, Technical
Untversity of Budapest, Hungary.

Raw materials:
i, Agro-indastrial by -products:

Sugar beet pulp and beet molasses: were obtained {rom
Delta Bcet Sugar Company, Kafr El-Sheikh, Egypt. Beet pulp was
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well ground, mixed, packed and stored in polyethylene bags at room
temperature. Beef molasses was packed in plastic jars and stored in
a refrigerator at 4°C.

Sugar best leaves: were collected from beet fields of Sakha
Agricultural Research Station in Kafr El-Sheikh, Egypt. Sun dried
for six days then milled i cereals machine mill and stored in
polyethylene bags at room temperature unti! use.

2. Corn steep liquear: was kindly obtained from Tura Starch
Factory. Cairo, Egypt.

I, Method:
1. Production of invertase:

Preparation of stock culture and inoculum: Strain of
Aspgeriglius niger was grown on slant potato dextrose agar (FDA)
at 28°C for five days and kept at 4°C until use. The organisms were
sub-cultured once a month. The medium of (PDA)} was prepared as
given in Difco {1974). Inoculum was prepared by transferring re-
freshed spores of three slants by adding 10 m! sterilized distilled
water to each slant, each slant was shacked vigorously for one
minute, then added to 70 mi of 0.001% Tween §9 solutton. One mi
of the yielded suspension was used to inoculated 25 il of the
production medium.

Production of enzymes:

The medium used for invertases production was prepared
according to the method described by Ongen-Baysal ef al. (1994)
that was modified by replacng the source of carbon by using the
prepared by-producis. The medium was composed of 0.23% NH,
NO;, 0.37% (NHy), HPO,, 0.1% KH3PO0,, 0.05% MgS0;, 0.15%
yeast extract and mixed with selected amount of carbon sources i.e.
sugar crop agro-industrial by-products. Additional modification was
also applied by replacing the yeast extract by addition 0.565 gm of
com steep liquor (contains 2.6% N) as suggested by Abd El-Hady
{1999). Replacing the yeast extract because it is considered very
expensive for commercial production of enzymes (Chan et al,
1991}. The initial pH value of media was adjusted at 5.0.
Experiments were carried out in 100 m! fiasks containing 25 m! of
medium that sterilized at 121°C for 30 minutes. The sterilized
media were inoculated with 1 mi of spores suspension of Asp. niger,
then incubated at 30° + 2°C for five days on a shaking incubator at
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150 rpm. The medium filtrate was separated from the mycelium
after incubation and used as enzymes resource {Abd El-Hady,
1999),

2, Enzyme assay:

The enzyme activity was determined according to method of
Ongen-Baysal et ol {1994). One m! of 1.0% sucrose in 6.1 M
sodium acetate buffer (pH 5.0) was used as a subsirate. Glucose-
fructose standard curve was used for calculation units of enzymes.
Cne unit of invertase activity was defined as the amount of enzyme
which catalyzed the hydrolysis of one micromol of sucrose per
minute (Barthomeuf et al,, 1991).

3 Testing hydroiytic activity of enzyme:

The hydrolysis was carried out in 125 m! flasks, containing
25 mi of mixture of enzyme fiitrate solution and 0.1 M sodium
acetate buffer solution containing 2 units/m! of enzymes and 20% or
40% sucrose (5 and 10 gms). Quarter ml of 1% sodium azide
solution was added to inhibit the microbial growth dunng
hydrolysis period. Flasks were incubated at 50°C on a rotary shaker
at 120 rpm (Mandels ef al, 1981 and Mandels, 1982). Samples
were taken after 1, 2, 3, 4, §, 6, 7 and 8 hours of incubation tine {o
estimate the release reducing sugar and the percent of conversion as
described by Godbole e al (1990). Glucose-Fructose (1: 1)
standard curve from 0.125 to 1.75 mg sugars of mixbire was used
for calculation the converted sugar concentration. The percent of
conversion was caloalated according the following equation:

¥ conversion = _iigfiucing Sugar ” (mgjmi__)(x 09} 10@

Initial substrate concentration {mg/mi)
*  Reducing sugar was estimated by dinitrosaiicylic acid (DNS)
method as described by Milier (19595,

- RESULTS AND BISCUSSION
1. Seclection ¢f suitable concentration of beet pulp and
leaves for pruduction of invertase enZyme:

Nme concentration were used (o select the suitable
concentration of beet pulp and leaves for producing the highest
units of invertase by Aspergilius niger. The tesults n Table (1)
indicated that ivertase enzyme activity was increased with
increasing beet pulp or leaves concentration in media and achieved
their maximum values (1893 and 133.2 anits/100 i medium) with
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2.5% and 4.0% beet pulp and leaves concentration, respectively.
Further increase of by-product concentraiions caused a gradual
repression of enzyme biosynthesis. Results in the same table also
revealed that the maximum activities weie obtained when the final
pH values of the two media reached 1o 4.8 and 4.35, respectively.

'Table (1): Effect of using different concentration of beet pulp and
beet leaves on production of invertases by Aspergillus

niger Mold.
Beet pulp medium Beet leaves medium
Bcgé ,?:{JS;JE:S Final pH of Invertase sctivity Final pH of Invertase activity
mc;dia medium (Unit:;!ﬁ(} }ml lrﬂed-ium {Unieté! 0e )mj
medium medivny
6.5 4.8 i42.4 450 194
1.0 5.4 1537 4.96 212
i3 5.3 134.6 3.20 215
20 5.0 158.9 4.90 26.5
25 48 1903+ 475 o0
a0 40 187.¢ 4.60 64.0
35 3.7 175.4 455 7.1
4.0 3.6 161.5 4.55 133.0*
4.5 33 1511 4.45 122.6

Values are means of 3 determinations

Production conditions: Initial pH = 5, Incubation temperatuie 30°C + 2°C and incubation

perniod § days.

¥ Maximum activity of enzyvmes produced m media

2 Inducing biesynthesis of 4sp. niger invertase by addition
of beet molasses to production media,

Beet molasses contain high ratios of carbohvydrates, total
nitroger:, minerals (ash) and some other contents (Youssif, 1996), it
could be interesting to test it as inducing substrate for invertase
production by Asp. niger. So it was added 1n seven concentration
ranged from 0.5 to 3.5% to the sclected media contain 2.5% beet
pulp or 4.0 beet leaves, respectively.

The results presented in Table (2) indicated that the
optimum concentration of beet molasses which induced the highest
enzyme aclivity by Asp. niger were 1 and 3% for beet pulp and beet
leaves media with final pH 5.2 and 6.0, respeciively. At these levels
of beet molasses and pH values, the biosynthesis of invertase
enzymes was higher than controls without adding molasses by
about 2.3 and 3.7 folds of the two used media, respectively.

It should be noted also from the same table, that further
addition of beet molasses to each of by-preducts media caused a
repression in the biosynthesis of invertases. Similar results were
reported by Chan er al. (1991); Bokassa et al. (1993) and Abd El-
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Hady (1999). They found that providing the medium with 3% of
total reducing sugar (w/v) gave the maximum biosynthesis of
invertases. They added that invertase activitics were decreased upon
increasing the molasses concentration in the medium.

Table (2): Effeot of adding different congentration of beet molasses to
the media contain the oplimum concentration by-products on

the production of invertase by dspergillus niger Mold.

Reet - 2.5% Beet pulp medium 4.0% Beet leaves medium
molasses . . Invertasa activi : Invertase activily
conc. % m | Fimatpsof ARSI ] Fmalpror 4

media miedium medium) H?‘;dmm medium;}
€ {conirel} 4.5 i9LYy 4.4 132.0
0.5 49 908 5.0 3529
1y 5.2 4450+ 54 3688
i.5 i 34 3830 iR 3818
2.0 5.6 3450 5.9 4423
2.5 5.7 i 3280 4.9 446.7
L X} 5.2 278.0 6.0 485.7*
3s 5.2 233.0 6.3 __46RE

Values are means of 3 determinations.
Production conditions: Initial nl = 5, Incubation temperature 30°C + 2°C and incubation
period 5 days.

* Maxirmum activity of enzymes produced in media.

3. Dynamic production of invertase enzymes by Adspergillus
niger in different selected media:

For producing the highest vield of invertase enzymes by
Asp. miger, the optimum period must be determuned. So, this
experiment was designed to figure out the kinetics of accumulation
mvertase enzymes in the different selected production media. It was
cammied oul wusing four selected media containing optimum
concenirations of fested by-products. Time course for each
fermentation was followed uatil the maximal units of enzymes were
accumnlated in cach medium, and no further increases could be
detected.

Table (3} represent the kinetic behavior of enzymes
preduction, The results revealed that invertases were start produced
in all tested media after first day of incubation. The represented data
indicate that invertase enzymes increased at a roughly constant rate
after the first day of cultivation.

The maximum enzyme activities were reached after 7
4" and 6" days of fermentation period in beet pulp, beet pulp +

th cth
!5,



Table (3):

Biosynthesis dynamic of invertase enzyme production in selected optimum media ;
by using Aspergillus niger mold. L ]
. W Used media X )
2.5% beet pulp P 25 beet puip + 1.0% 4.0 beet teaves 4.0% beet leaves + 2.0% =
Fermentation medium beat molasses medium medium beet molasses medium s
period T nvertases T T Tavertases | Invertases Invertases ?., _
(days) Final | activity Final activity Final activity Final activity )
pH | unit/ 100 md pH unit/ 100 ml pH unit/100 mi ptt unit/ 100 ml tm
| _mediom mediurn medium : medium 2n
0 5.0 | 0.0 5.0 00.0 5.0 0.0 5.0 00.¢ g:
i 14 i i1.0 36 128.7 4.6 10.0 4.4 19.3 =
2 EX¢; ! 1310 40 18%.5 4.4 72.9 48 200.1 ]
3 3.8 i 1456 58 324.9 5.0 93.7 53 345.0 )
4 46 1 1484 6.1 366.2 5.7 155.5* 59 418.8 &
s 49 1 1900 6.4 447.0% 538 132.9 6.2 488.0 -
6 5.0 l 212.4 58 445.0 5.8 114.0 6.3 517.5% ™
7 5.1 231.2% 5.5 424.2 5.6 103.2 6.3 411.6 :
8 5.4 ’ 2285 5. 4053 5.6 71.2 6.3 403.3 S
Values are means of 3 determainations ~

Production conditons: Initial pH = 5, Incubation temperature 30°C + 2°C.
* Maximum activity of enzymes produced in media.

Ire
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molasses, beet leaves and beet leaves + molasses media, in
sequence. The obtained activities were 231.2, 447, 155.5 and 517.5
unit/100 ml medium of the previous mentioned media, respectively.
On the other band, in the early stage of caltivation, pH values fell
from 5 to about 3, 3.6, 4.4 and 4.4 in the previous used media,
respectively. Then pH began to rise gradually with increasing
enzyme production.

4. Testing the hydrolytic activity of produced invertases on
hydrolysis of sucrose syrups:

To accomplish the view of application, it was necessary to
evaluate the hydrolyzing efficiency of produced invertase enzymes.
In thas relation, hydrolysis of syrups containing 20% and 40% pure
sucrose as substrate with enzyme concentration of 2 units/ml were
appiied.

Results presented in Table (4) show that the hydrolysis time
was done for 7 hours at 50°C in shacked flask containing 25 ml of
slurry with mitial pH 4.8. Maximum conversion {86.75% and
82.03%) of 20% sucrose syrup using beet pulp-molasses and beet
leaves-molasses enzymes were obtained after 5 and 6 hours of
hydrolysis. The yield of the recovered invert sugars were 192,77
and 182.29 mg sugar/ml mixture. In relation to 40% sucrose syrup,
results in Table (5} indicate that the maximum hydrolysis of sucrose
using beet pulp-molasses and beet leaves-molasses enzymes took
place after 7 hours of incubation. The highest yield of invert sugars
were 411.94 and 396.44 mg/ml slurry representing 92.69% and
89.2% of the initial concentration of sucrose, respectively. Our
results are supported by findings of Godbole er al. (1990) and
Amaya-Delgado et al. (2006). Accordingly, the profile data of
hydrolysis show that tested invertases produced on media
containing by-product of beet sugar crop had a high hydrolytic
power. Also, it should be noted that, utilization of invert sugars as a
source of fuel, food, chemicals, vitamins, single cell protein, and
multitude of other useful products opens new vistas in the field of
energy, food and chemicals to augment and conserve current world
energy sources {Schlegel & Bamea, 1976 and Ester & Michele,
2007).
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Tabie (4): Effect of two units invertases on saccharification 20%
sucrose during seven hour of hydrolysis at 50°C and pH 4.8.

The type of used enzymes
Saccharification Invertases produced on beet Invertases produced on beet
pericd pulp-molasses medium leaves-molasses medium
{hours) Converted % Converted %
sugars mg/mi conversion sugats mg/ml COnversion
1 79.83 . 592 68.7¢ 30.91
2 121.39 J 54.63 112.64 50.69
3 126.94 537.12 128.45 57.8¢
4 174.86 78.69 154.49 69.34
5 192.77 86.75% 175.33 7899
& 187.75 B4.45 182.29 82.03*
7 187.50 54.38 181.85 §1.84

Values are means of 3 determinations
* The maximurn conversion of sucrose %

Table (5): Effect of two units invertase on saccharification 40% sucrose
during eight hours of hydrolysis at 30°C and pH 4.8.

The type of used enzyme ;
Saccharificatio Invertases produced on beet Invertases produced on bect
5 period putp-molasses medivm leaves-molasses mediur
(hours) Converted sugars : % Converted %
mg/mi coaversion sugars mg/mi conversion
1 67.84 i5.26 5141 13.82
2 137.73 3099 12523 28.18
3 215.28 48 .44 170,16 829
4 28377 64,72 222.07 501G
5 33473 : 75.31 319.38 71.86
6 384 88 36.60 333.23 74.98
7 411.94 G2.69* 355,44 §9.20*
8 368.69 3296 ¢ 3483] 7837

L —
Values are means of 3 determinations
* The maxiruwm conversion of sucrose %.
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