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Abstract- Dephytinization of phytate rich foods is required to increase their nutritional quality. Phytase producing lactic acid
bacteria (LAB) are of special interest as this group of organisms are generally regarded as safe (GRAS) for human
consumption, moreover they have an added characteristic of acting as probiotics. Despite being highly advantageous very few
reports are there on LAB producing phytase with desired characteristics. In present study ethnic fermented foods from various
regions of India were analyzed for phytase producing LAB. Seventeen strains of LAB were isolated from various fermented
foods. Out of which seven isolates showed the ability to produce phytase. Detailed analysis confirmed all the isolates to have
characteristics typical to that of LAB. Some of the LAB isolates (KA1, SA2, SM1) showed the ability to produce phytase
effectively. All the isolates hydrolysed phytate in soy milk and rice bran therefore they can be good candidates for their

application in the processing of phytate rich foods.
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I. INTRODUCTION

In plant-based foods, phosphorous (1-5% by weight) is
present in bounded form with various other minerals and is
known as phytate [36]. Phytate, an anti-nutrient molecule is
a myo-inositol phosphate derivative containing  six
phosphate groups. Phytate rich foods pose nutrition deficit
due to capability of phytate to chelate with various divalent
cations and protein moieties. This property of phytate makes
these minerals and other forms of nutrients non-available for
uptake and absorption after ingestion [9]. Although some
fraction of phytate gets hydrolysed during various food
processing steps/processes like soaking, germination,
cooking, fermentation etc. The undegraded portion of
phytate causes various malnutrition associated problems
[22]. Most viable alternative to solubilise nutrients in phytate
rich foods is to hydrolyse phytate by enzymatic treatment.
Enzyme(s) responsible for phytate hydrolysis is a class of
phosphatases called phytase(s) [1]. Phytases have been
reported from number of microorganisms [4, 18] but they
are not useful for food processing because of safety issues
associated with them [27]. Lactic acid bacteria (LAB) are a
class of microorganisms which has been generally regarded
as safe (GRAS) for human use [19].Moreover they are also
known to have probiotic properties which are associated
with number of health benefits [21]. Therefore phytase(s)
producing LAB or enzyme from such organisms can be
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applied safely for the food processing. Although some
phytase producing LAB have been reported but most of
them have limitations such as producing the enzyme
intracellularly, low enzyme yield etc. [25, 34]. In this regard
search is still on to isolate novel phytase producing LAB
which can be used for the food processing.

Since time immemorial fermented foods have been a rich
source of lactic acid bacteria [13, 33]. India is a land rich in
diverse traditional ethnic fermented foods [30]. Most of the
time sources for these fermented foods are phytate rich
substrates [3, 26] therefore they can be a potent source for
the isolation of phytase producing LAB. But there are very
limited reports on exploration of these foods for the isolation
of phytase producing LAB [7, 17, 24]. As no extensive study
is available, the present study was aimed for the isolation
and characterization of phytase producing lactic acid
bacteria which can be used in various food applications. In
the present study, wide variety of ethnic Indian fermented
foods were screened for lactic acid bacteria. These bacteria
were further shortlisted on the basis of their phytase
producing potential and were studied for various
morphological and biochemical characteristics. Application
of these isolates in soy milk and rice bran showed significant
phytate hydrolysis in terms of increase in the content of
solubilized inorganic phosphate which indicated their
potential for increasing the nutritional quality of these foods.
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Il. MATERIALS AND METHODS
Collection of samples

Samples of ethnic fermented foods were collected from
various parts of India; some of the foods were prepared and
fermented in the laboratory (Table 1). Samples were brought
in sterilized vials and polythene bags to the laboratory and
were processed immediately.

Isolation of lactic acid bacteria

Samples were enriched by inoculating 1% of the sample in
de Mann Rogosa Sharpe (MRS) broth and incubating for
48h. Enriched samples were screened for LAB by
inoculating appropriate diluted samples on MRS agar.
Isolates showing different colony morphology were selected
and confirmed for the production of lactic acid by streaking
on MRS agar plates containing 1% CaCO,. Isolates showing

clear zone around colonies were selected [35]. The selected
colonies were further purified by tertiary plating method.
These cultures were preserved in 40% glycerol at -80°C till
further use.

Screening of phytase producing lactic acid bacteria

Selected isolates were tested for phytase producing potential.
These isolates were spotted on modified MRS agar in which
MRS medium was supplemented with 0.2 M sodium
phytate, 2 mM calcium chloride and 0.1 M 3-[N
Morpholino] propanesulfonic acid, MOPS [14]. The
colonies showing zone of phytate hydrolysis were selected.
To eliminate the possibility of zones due to acid producing
ability, plates were flooded with aqueous cobalt chloride
solution (2% w/v) for 5 minutes at room temperature. Then
the solution was replaced with a fresh solution containing
v/v of 6.25% (w/v) aqueous ammonium molybdate solution
+ 0.42% (w/v) ammonium vanadate solution for another 5
minutes. The phytate degradation was confirmed by
presence of clear zones around colonies [6].

Morphological and Biochemical characterization

Gram character and morphology of the isolates was analysed
by doing Gram staining. Spore formation was checked by
doing spore staining with stationary phase culture. All
biochemical tests and carbohydrate utilization was
performed according to Bergey’smanual [15].

Dephytinization of Soymilk and rice bran

Dephytinization experiments were carried out with all the
selected isolates. 5 ml of soymilk and 5 g of rice bran was
inoculated with individual isolates and incubated at 37°C for

© 2019, IJSRBS All Rights Reserved

Vol. 6(2), Apr 2019, ISSN: 2347-7520

24h. Uninoculated samples were incubated as controls. The
samples were drawn and were analysed for amount of
inorganic phosphate (Pi) liberated.

I1l. RESULTS AND DISCUSSION

Phytase(s) producing microorganisms have wide application
in food industry [37]. Phytase producing lactic acid bacteria
(LAB) are of special interest due to their acceptability
regarding safety aspects and probiotic nature [33]. But there
are very few reports on LAB which are known to produce
phytases with suitable yield/characteristics so that they can
be applied for hydrolysis of phytate in food processing.
Fermented foods are immensely associated with numerous
lactic acid bacteria [32]. Different regions of India are a rich
source of diverse phytate rich fermented foods, but very
limited reports are there on the isolation of phytases
producing LAB from these foods [2, 8, 35]. Therefore,
fermented foods were collected from various regions of
India viz., Sauerkraut and Kanjika from North India; Khalpi
from Hilly areas of North India; Goyang and Soibum from
North East India; Curd, sourdough and fermented soy milk
were prepared in the laboratory (Table 1).

Food samples were enriched in De Man, Rogosa and Sharpe
(MRS) broth which is selective for lactic acid bacteria [10]
and then screened for LAB on MRS agar. Seventeen isolates
with varied colony morphology from different food samples
were selected. These isolates were further confirmed for the
production of lactic acid by streaking on MRS medium
supplemented with CaCO; all seventeen isolates showed
acid production in terms of zone of clearance against opaque
background (Fig.1). Similar procedure has been used by
various workers for the isolation of LAB from fermented
foods [2, 8, 20, 35].

Fig.1: Zone of lactic acid production on I\7IRS+CaC03
medium
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As primary objective of the study was to isolate phytase
producing LAB therefore selected isolates from MRS plates
were screened for the production of phytase on modified
MRS agar medium containing sodium phytate [14]. Seven
isolates showed zone of phytate hydrolysis. To confirm and
eliminate false positive results plates were counter-stained
with procedure given by Bae et al. (1999) [6] using solutions
of cobalt chloride and ammonium molybdate+ammonium
vanadate. Production of phytase by all seven isolates was
confirmed as all showed the zone of clearance in this
confirmatory test also. Phytase positive isolates were
categorized as potent (KA1), moderate (SA2, SM1) and
weak (SAl, KA2, SO1, SM2) producer of enzyme
depending on the zone of the hydrolysis (Fig. 2; Table 1).

Fig 2: Zones of phytate degradation on modified MRS
agar; counterstained with cobalt chloride and
ammonium molybdate + ammonium vanadate
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Table 1: Phytase producing lactic acid bacteria from
ethnic Indian fermented foods

S.No | Isolate | Source Phytate degradation
1 SAl +
2 SA2 +
3 SA3 Sauerkraut -
4 SA4 -
5 SB1 -
6 SB? Sourdough Bread -
7 KAl +
8 KA2 Kanjika +
9 KA3 -
10 GO1 Govan -
11 | co2 yang -
12 KH1 Khalpi -
13 SO1 Soibum +
14 CD1 -
15 | cp2 Curd -
16 SM1 . +
17 | sm2 Soymilk +

For the application of any isolate it is required to have its
complete characterization [11]. Therefore to further confirm
the identity of phytase positive isolates their detailed
identification was done by morphological and biochemical
characterization (Table 2). All the isolates were found to be
Gram positive, non-motile with no catalase activity, these
characteristics have been reported to be typical to that of
LAB [15,19,27,35]. Rod [5] as well as cocci [28] shaped
LAB have been reported; out of seven 5 isolates were cocci
and two were of rod shape. Biochemical tests of all the
isolates (Table 2) were also distinctive to that of LAB [12].
Carbohydrate utilization pattern is other important criteria
for the identification and characterization of LAB [2]. Sugar
utilization pattern showed that all the isolates were able to
ferment glucose, galactose, fructose, mannose, ribose,
amygdalin, arbutin, salicin, cellobiose, maltose, lactose,
melibiose, saccharose, trehalose and melezitose and esculin
citrate de fer, while the other sugars showed varied
fermentative responses among the isolates (Table 3). All the
isolates were able to deaminate arginine. This capacity is
used to differentiate heterofermentative ability of lactobacilli
[31].
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Table 2: Morphological and biochemical characteristics of phytase producing LAB isolates from ethnic Indian

fermented foods

Isolate/ SAl SA2 KAl KA2 SO1 SM1 SM2
Test r’
Gram reaction + Gram (+) Gram (+) Gram (+) Gram (+) Gram (+) Gram (+)
shape morphology cocci cocci rods Gram () rods cocci cocci cocci
Colony Color C;Z?y Creamy white Cvrvehe}?;y Creamy gray Cvrvehairt‘r;y Creamy white | Creamy white
Colony Size %30 | 1050mm | 2535mm | 2040mm | 2030mm | 1L030mm | 10-35mm
tcé}?(ltﬂ?g Shape & Ci;ﬂgar Circular and | Circular and Circular and | Circular and C!rcular and C_ircular and
irregular, irregular, regular, irregular, regular, irregular, irregular,
entire entire entire entire entire entire entire
Elevation Flat Flat Raised Raised Flat Convex Convex
Catalase Test - - - - - _ —
Spore forming - - - - - - _
Motility - - - - - _ _
Oxidase - - - - - - -
H,S Formation - - - - - - -
0.4% Phenol + + + + - + —
tolerance
4% NacCl tolerance + + + + + + +
Indole - - - - - - -
Citrate utilization - - - - - - -
Nitrate reduction - - - - - - -
Urease - - - - - - -
D-Glucose, Acid + + + + + + +
MR - - - - - - +
VP - - - - - - -
Gelatin Hydrolysis - - - - - - -
Starch Hydrolysis - - - - - - -
H/L F F F F F F F
TSI + + + + + + +
PPA - - - - - _ _
Lysine - - - - - _ _
Ornithine + + + + + + +
Arginine + + + + + + +
(-) = negative; (+) = positive; F= fermentation
© 2019, IJSRBS All Rights Reserved 4
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Table 3: Carbohydrate utilization pattern of phytase producing LAB from ethnic Indian fermented foods

Isolate/ SAl SA2 KA1 KA2 | SO1 | sM1 SM2
Test r’

Control - - - - — — -
Glycerol - - - + - - _
Erythritol - - - - - - _
D-arabinose - - - - - — -
L-arabinose + + + - - + —
D-ribose + + - + + + +
D-xylose + + + - - - -
L-xylose - - - - - - -
D-adonitol - - - - — - -
Methyl-pD-xylopyranoside - - - — - _ -
D-galactose + + + + + - +
D-glucose + + + + + + +
D-fructose + + + + + + +
D-mannose + + + + + + +
L-sorbose - - - - - — +
L-rhamnose - - w+ - - - -
Dulcitol + - - - - - -
Inositol - - - - - - -
Mannitol + + + + - - +
Sorbitol + - - + - - -
Methy-aD-mannopyranoside - + - - - - -
Methy-aD-glucopyranoside - + vw+ - - + -
N-Acetyl-Glucosamine + + + + + - +
Amygdalin - + + + + + -
Arbutin + + + + + + _
Esculin citrate de fer + + + + + + +
Salicin + + + + + + +
D-cellobiose + + + + + _ -
D-Maltose + + + + + - -
D-Lactose - + + + + + +
D-Melibiose - + + + + + -
D-Saccharose + + + + + + -
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D-Trehalose + + + + + - +
Inulin + - W+ - - — -
D-Melezitose + + + + + - _
D-Raffinose - + W+ - - - -
Amidon - - - - - — -
Glycogen - - - - — - -
Xylitol - - - - - - -
Gentiobiose - + + + + + -
D-Turanose + + + - - - +
D-lyxose - - - - — - -
D-tagatose + - - + + - +
D-fucose - - - - — - -
L-fucose - - - - — - -
D-arabitol - + - - - - _
L-arabitol - - - - - - -
Potassium gluconate + * W+ + - - -
2-Keto-Gluconate - + - - - - -

(1): positive; (—): negative; (w+): weak positive; (vw+): very weak positive; (+): doubtful

All these results confirmed that all the phytase producing
isolates screened for fermented ethnic Indian foods were
typical lactic acid bacteria.

Goal of the study was to isolate the phytase producing LAB
for dephytinization of phytate rich foods. Soy milk and rice
bran are known to have high content of phytate [23]. All the
isolates were tested for their ability to hydrolyse phytate in
these foods in terms of release of inorganic phosphate (Pi).
Treatment of soy milk as well as rice bran with all the
bacterial isolates led to increase in the level of Pi. Phytate
hydrolysis was more with KA1, SA2 and SM1 than other
isolates which correlated with the results of phytate
degradation on MRS sodium phytate agar medium. Detailed
experiments for the application of these isolates in food
processing are being carried out.

IVV. CONCLUSION

Phytate containing ethnic Indian ferments foods are a rich
source of phytase producing lactic acid bacteria. A wide
variety of LAB from these foods were isolated with good
phytase producing capacity. In identification analysis
isolates showed characteristics typical to that of LAB.
Application of these isolates in soy milk and rice bran
showed significant phytate hydrolysis indicating that they
can be used for increasing the nutritional quality of these
foods.
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