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ABSTRACT

Microbial phytases canimprovethe nutritional quality of food by hydrolyz-
ing phytic acid and releasing phosphate groups. Aspergillus niger produc-
ing the enzyme phytase was isolated from soil sample. The media, pH and
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temperature requirement for maximum production and activity of phytase
was standardized. The enzyme was purified by acetone precipitation and
NATIVE PAGE and immobilized using sodium alginate entrapment. The en-
zyme was used to treat sprouted legumes to increase the nutritive value.
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INTRODUCTION

Thefood industry playsanimportant rolein our
present day society. Asweknow without thefood in-
dustry, urbanizationwould not havebeen possible. Pres-
ently, thefood industry empl oysbiobased processwhich
account 95% of theindustria applicationsof living sys-
tems. There can belittle doubt that the new biotech-
nologiesarehaving andwill continueto havesignificant
impact on the practice of food processing, agriculture
and rel ated research and devel opment.

Thenutritiona quality of food dependsonthetotal
amount of nutrients present inthefood consumed, as
well asthelevelsof antinutritivefactors. Some nuitri-
tiona stressfactors present infoodsare Phytates, Ox-
aaes, Avidin, etc. Traditiona processing methodscan
improvenutritiona quaity by increasing food pal atabil-
ity and digestibility or increasing nutrient availability by
destroyingtoxicfactorsor minimizingtheir effects. En-
zymatictreatment can reducetheleve of nutritivestress
factorsinfood. For example, raffinose and stachyose
present in soyabeans cause flatulencein humansand

animal sbecausethereisno apha- galactosidase activ-
ity inthemammadianintesting, thusdecresing theintake
of soy products. Treatment of soyabean meal within-
vertase and al pha- galactosidase resulted inthe con-
version of theseoligosaccharidesto monosaccharides?.
Phytaseisan enzymethat hydrolyzesphytic acid to
myoinositol and phosphoric acidin astepwise manner
forming myoinositol phosphateintermediates. Phytic
acid, magjor storageform of phosphorusin the mature
seeds of both monocot and dicot plants, actsasan anti-
nutritiond factor. Thelnternationa union of Biochemis-
try (1979) listed two phytases: (1) 3-phytase EC 3.1.3.8
which hydrolyzesthe ester bond at the 3 position of
myoinostol hexgphosphateto D-myoinositol 1,2,4,5,6-
pentakisphosphate and orthophosphate and (2) 6-
phytase, EC 3.1.3.26 which hydrolyzesthe6- position
of myoinositol hexakisphosphate to D-myoinositol
1,2,3,4,5-pentaki sphosphate and orthophosphate.
Phytase activity has been detected in Aerobacter
aerogens, Klebsiella aerogens, culture filterates of
Bacillus subtilis and also Lactobacillus and
Streptococcus. There are 84 fungi from 25 speciesthat
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areused for phytase production. Of al the organisms
surveyed, Aspergillusniger NRRL 3135 produced the
mogt activeextracd lular phytase. Phytasesthusexiracted
hasvariousapplicationsin (1) Animd feed industry (2)
feed trials(3) pollution abatement (4) Food industry
(5) Antioxidant etc®.

MATERIALSAND METHODS

| solation of theor ganism

The soil samplewas collected and about 1gm of
s0il waswe ghed and mixed with 100ml of ditilled water
(stock solution) was prepared. 10test tubesweretaken
and marked as (10 to 10-%) 9ml of distilled water was
added, to thefirst tube 1ml of the stock solution was
added, similar method was performed upto 10°. The
last four dilutions (10°to 10'°) was plated on to Nutri-
ent agar (For isolation of Bacteria) and Potato dex-
troseagar (For isolation of Fungi). The Nutrient agar
plateswereincubated at 37°C for 24hrs. The Potato
dextrose agar wasincubated at room temperature for
3 to 5 days. The different colonies observed were
stained using Gram Stai ning technique and Lacto phe-
nol cotton blue staining, based on the colony morphol -
ogy and microscopic examination Aspergillusniger was
isolated.

Preparation of corn starch media

Themediarequired for the production of Phytase
enzyme was Corn starch media.about 3gmsof Corn
wasweighed and added to 10ml of Digtilled water and
autoclaved The Aspergillusniger culturewasinocu-
lated in themediaand wasincubated a room tempera-
ture for about 3 to 5 days. The medium wasfiltered
and thefiltrate was assayed for the production of en-

zyme.

Estimation of phosphate-fiske and subbarow
method

Principle

The Phosphomolybdic acid formed by the addition
of acid molybdate solution to the Phosphateit isre-
duced by the addition of addition of 2,4- amino napthol
sulphonic acid (ANSA) reagent to produce a blue

colour theintengity of colour isproportiond totheamount
of Phosphate present.

BioTechnology — ammm—

Materials

10N Sulphuric acid, Molybdate solution,
aminonapthol sulphonicacid (ANSA) reagent.

Procedure

The phosphate content of corn (control) was esti-
mated by adding 1ml of Ammonium molybdate and
0.4ml of ANSA.Thefiltrate obtained after inoculation
of the culturewasa so estimated using Iml of Ammo-
nium molybdateand 0.4ml of ANSA. Theoptical den-
Sity was measured at 660 nm by col orimetry.

pH variation

To standardize the optimum pH at which the or-
ganism growsand producesthe enzyme, Corn starch
mediawas prepared and the pH was adjusted to 4.5,
5.5,6.5and 7.5 using acid (Hydrochloric acid) or base
(Sodium hydroxide). The mediawas autoclaved and
Aspergillus niger was inoculated, and incubated at
room temp for about 3 to 5 days. The medium was
filtered and estimated for the amount of Phosphate by
Fiske and Subbarow method.

Temperaturevariation

To standardize the optimum temperature for the
growth of the organism and the production of theen-
zyme, the corn starch mediawas prepared and the or-
ganismwasinocul ated, then theflaskswereincubated
at varioustemperatures (17, 27, 37 and 47) for 3to5
days. The medium was filtered and assayed for the
amount of Phosphate- Fiske and Subbarow method.

Substratevariation

To thestandardize activity of theenzyme, various
substrates such as Corn, wheat, oats, rice were used.
About 3gm of each wereweighed and added to 10ml
of distilled water and autoclaved. Thenthey werein-
ocul ated with Aspergillusniger, and incubated for 3to
5 days. The medium wasfiltered and assayed for the
amount of Phosphate- Fiske and Subbarow method.

Purification of theenzyme

Theenzymewaspurified by Acetoneprecipitation
and later by Gel filtration chromatography. And then
the purified enzymewasrun on the gel by performing
nativepolyacrylamidegd e ectrophoresis. Theoptimum
pH and temperature of the purified enzymewasalso
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determined”.
Enzymeimmobilation

Thepurified enzymewasimmobilized for futureuse
by SodiumAlginate Gel Entrapment method™.

Application of enzyme*

The sprouted grainswere mixed with enzymeand
incubated for 24 hours and the amount of phosphate
before and after the treatment was estimated.

RESULT AND DISCUSSION

| solation of theor ganism

Lacto phenol cotton blue staining was performed
and Aspergillus niger wasisolated based on Macro-
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scopi ¢ and microscopi c examination. The Aspergillus
niger sporeswerealsoisolated from bread sample.

Assay for enzymeproduction

For the production of enzymethe organism-As-
pergillusniger wasinoculated in Corn starch media.
After 3-5daysof incubation, themedium filtrate was
assayed for the amount of Phosphate by Fiske and
Subbarow method.Increasein the phosphate content
was observed due to the hydrolysis of phytic acid
present in Corn. To confirm thisstandard graph was
plotted with varying phosphate concentration (4-20ug).
Within the standard val ue unknown was extrapol ated
to determinethe amount of phosphate. In comparison
with theamount of phosphatein corn, thefiltrate as-
sayed after inocul ation of the organism theamount of
phosphate wasfound to increase. The concentration of
phosphatein the given solution wasfound to be 18.40
mg of phosphate, when compared with the control it
was estimated to be 10.50mg of phosphate(TABLE 1).

pH variation (Figurel)

The organism increased the production of phytase
withincreasein pH and maximum enzymewas pro-
duced at pH 5.5 asthe enzyme may be an acidic pro-
tein. Similar resultshave been reported wheretheen-
zymewas produced maximum at acidicrange of pH.

Temperaturaturevariation (Figure?2)

The organism increased the production of phytase
withincreaseintemperatureand maximum enzymewas
produced at 27°C.Similar results have been reported
where the enzyme was produced maximum at lower
temperature®.

Substratevariation (Figure3)

Different substratesweretried to help the growth
of the organism and production of phytase and when

TABLE 1: Egtimation of phosphate-fiskeand subbar ow method

S.no. Reagents B S, S, S; Sy S U, U,
1. Volume of phosphate (ml) 0.5 1.0 15 2.0 25 - -
2. Concentration of phosphate(u.g) 4 8 12 16 20 - -
3. Volume of unknown(ml) - - - - - - 0.5 1.0
4. Volume of water(ml) 46 4.1 3.6 31 2.6 21 41 3.6
5. V olume of ammonium molybdate (ml) 1 1 1 1 1 1 1 1
6. Volume of ANSA 04 04 0.4 0.4 0.4 04 04 04

Incubate for 10 minutes in room temperature and read at 660nm.
7.  Optical density at 660nm 0.00 49 0.50 0.56 0.66 0.77 054 0.63
s BioTechnology
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tried it wasfound that the Corn gave maximum amount
of theenzyme®.

Purification of phytase

Acetone precipitation isincluded in the procedure
for obtai ning crude enzyme. The obtained phytaseen-

Fi_gre4 : Enzymetreated sprouts

TABLE 2: Substratevariation

zymepreparation wasconcentrated by Gel filtrationand
kept intherefrigerator at 5°C411,

Native page

Native pagewas performed using 10% acryl amide
gd and the proteinswere stained with Coomassiebril-
liant blue. Theband for the samplewasfound to corre-
spond with marker at 62K Dd*?,

Effect of pH on phytase

Thestability of enzymeat different pH wasexam-
ined. It wasfound that the enzyme activity wasbest at
pH 5.5 clearly indicating that the enzymeworks better
inacidic pH™.

Effect of temperatureon enzyme

Thegtability of theenzymewasexamined &t differ-
ent temperature (17°C, 27°C, 37°C and 47°C) in phos-
phate buffer at constant pH. When the graph waspl ot-
ted the pesk value (maximum activity) was observed at
27°CB.,

I mmobilisation of enzymeby gel entrapment

Enzymewas successfully immobilized by gel en-
trapment viaSodiumAlginate Thisisanefficient method
and it can be used for further large scale application.
Theimmobilized enzymeactivity wasassayed by esti-
mation of phosphate-Fiske and Subbarow method*¥.

Application of enzyme

Sno Subsirate Optical density The sprouted gram wastreated with the enzyme
;‘ ggrtﬁ 8'32 and was| eft over night. It wasfound that theamount of
3, wheat 0.58 phosphate wasincreased when compared with control
4. rice 0.50 (without treatment with the enzyme). Theresultsindi-

TABLE 3: Effect of pH onenzymeactivity
Sr.no. Reagents B T, Cq T, C, T, Cs Ta C,
45 55 6.5 75

1 Buffer (ml) - 1 1 1 1 1 1 1 1

2 Substrate ( ml) 1 1 1 1 1 1 1 1 1

3 Sodium chloride(ml) 1 1 1 1 1 1 1 1 1
Incubate at room temperaturefor 10 minutes

4  Enzyme( ml) - 0.2 0.2 0.2 0.2
Incubate at room temperaturefor 10 minutes

5 DNSA (ml) 2 2 2 2 2 2 2 2 2

6 Enzyme(ml) - - 0.2 0.2 - 0.2 - 0.2
Incubatein boiling water bath for 10 minutes

7 Sodium potassium tartarate (ml) 1 1 1 1 1 1 1 1 1
Incubate for 5 minutes at room temperature

8 Optical density 0.0 0.14 0.0 0.32 0.0 0.22 0.02 011 00

Differencein OD 0.14 0.32 0.20 0.11
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TABLE 4: Effect of temperature on enzyme activity

Reagents B T, C, T, C, T3 C; T, Cy
17 27 37 47
1 Buffer (ml) - 1 1 1 1 1 1 1 1
2  Substrate (ml) 1 1 1 1 1 1 1 1 1
3 Sodium chloride(ml) 1 1 1 1 1 1 1 1 1
Incubate at room temperature for 10 minutes.
4  Enzyme (ml) - 0.5 - 0.5 - 0.5 - 0.5 -
Incubate at room temperature for 10 minutes
5 DNSA (ml) 2 2 2 2 2 2 2 2 2
6 Enzyme(ml) - - 0.5 - 0.5 - 0.5 - 0.5
Incubatein boiling water bath for 10 minutes
7  Sodium potassium tartarate (ml) 1 1 1 1 1 1 1 1 1
Incubatefor 5 minutesat room temperature
8  Optica density 0 012 0.02 0.46 0.01 0.23 0.03 0.18 0.03
9 Differencein OD 0.10 0.45 0.20 0.15
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