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Abstract

Lactic acid bacteria are essential part of milk fermentation impart characteristic attributes on product physio-
chemistry, nutrition and sensory properties. The present study was designed to characterize the Lactic acid
bacteria isolated from fermented milk product Dahi for potential application in milk fermentation. All isolates
were Gram positive rods and cocci. Most of the isolates were heterofermentative shown carbon dioxide
production. Isolates shown higher lipolytic, proteolytic and fair amylolytic activity. Physiological characterization
revealed that cocci were showing optimum growth at 2 and 4% NaCl while rods at 6.5% followed by 4% salt.
Agglomerative hierarchical clustering (AHC) was done based on growth rate and alteration in media pH at
differenttemperatures. Identification of representative isolates from each group was confirmed by 16SrTRNA gene
partial sequencing.Selective strains were identified as Lactobacillus delbrueckii QAULb01(KT021869),
Streptococcus thermophilusQauSt1(KTo21870)andLactobacillus delbrueckii Qaulbd16, and Enterococcus
mundtii QAUEMo2. Comparative fermentation experiments of commercial starter culture and indigenous
isolates combination (QauSt1+Qaulbo1) was done. The local strain combination shown more aroma as compare
to commercial starter that was also confirmed by change in FTIR spectrum. Comparative physiochemical
analysis shown that local cultures in term less syneresis, high solid content, stability in pH and acidity and
higher viscosity.The nutrition of fermented milk produced by local strain in term mineral contents was
comparable with significantly higher zinc and iron contents (K :720 mg/kg ), Na: 642.5 mg/kg, Ca: 245.2 mg/kg,
Fe: 2.7 mg/kg and 2 mg/kg of Zinc). Hence these strains can be successfully used to replace starter cultures at

commercial scale for fermented milks.
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Introduction

Lactic acid bacteria (LAB) are generally recognized as
safe (GRAS) microorganisms in food fermentations
worldwide. In dairy and food industry, they are
enormously used as a starter cultures because they
are known to improve technological, nutritional,
organoleptic, and shelf-life properties in diverse
fermented foods and beverages(Wouters et al.,
2002;Capozzi et al., 2012; Patel et al., 2013;). These
are categorized as gram positive cocci or rods, aero
tolerant but anaerobic, produce energy and lactic acid
by utilizing carbohydrates. The metabolic pathways
include homofermentative in which two molecules of
lactate are produced e.g. Lactococcus and
Streptococcus. While in heterofermentation, lactic
acid, ethanol and carbon dioxide are produced e.g.
Lactobacilli and Leuconostoc(Mahmoudi et al.,

2013).

Now a day much focus is paid on the technological
potential of LAB for the bio control of plant, food and
soil born fungus and bacteria (Fhoula et al., 2013). In
dairy ecosystem LAB efficiently consume milk
constituents, principally lactose and caseins, that’s
why they are used as starter cultures in the
production of dairy products. Previous studies show
affiliation between fast growth, rate of acid
production and efficient milk casein degradation
(Courtin, 2002). Amino acid and peptides are not
freely available in milk for LAB (Zourari, 1992; Abu-
Tarboush, 1996). LAB need an exogenous supply of
amino acid and peptide which is provided by the
proteolysis of milk casein. That’s why they are called
fastidious microorganism.Glucose containing mono
and disaccharides that are normally present in
natural food are readily available for amylolytic LAB

(Guyot et al., 2000).

Milk is enriched with indigenous lipoprotein lipase
(LPL) and estrases. Lactococcus strains are the
examples of producing intracellular Lipases (Casey,
1992; Fox et al., 1996; Holland and Coolbear, 1996).
During the lipolysis hydrolysis of triglycerides into
short, intermediate fatty acid chains and glycerol is

produced especially in cheese fermentation. Quality

2016

of cheese is directly influenced by the fats present in
it, which affect the taste and texture of that cheese.
Free fatty acids (FFA) formation occurs as a result of
lipolysis affect the flavor compounds such as methyl
ketones, alcohols and lactones present in cheese.

Co-inoculation of different species in food
fermentations to improve the quality of existing
products is widely applied now days. Also, industries
are taking keen interest in using the molecular
approaches for the survival and improvement of
selected strains; by closer examination, namely the
protocooperation between S. thermophiles and L.
bulgaricus, phage resistance, utilization of prebiotic
carbohydrates (Goin, 2010). Fermented foods in
which the

mutualism and synergism, are important for the

interactions, like protocooperation,
growth rate e.g. cultures consist of filamentous fungi,

LAB and yeast (Sieuwerts et al., 2008).

The present study was designed to Identify and
characterize the lactic acid bacteria isolated from
indigenous fermented milk product Dahi and evaluate
the technological and physiochemical attributes of the
LAB isolates, so that they could be successfully used

for Milk fermentation.

Materials and methods

Isolation of lactic acid bacteria

Fifty Dahi samples were collected from different
locations of Islamabad and Rawalpindi available at
the retail under sterile conditions. Isolation of lactic
acid bacteria from Dahi was done by Serial dilution
method on MRS and M1y agar plates. The media
plates were incubated at 37°C for 48 hrs. Isolates
were maintained on MRS and M17 media at 4°C for

further studies.

Morphological and biochemical identification

For morphological and biochemical characterization
of the isolated strains several tests were performed:
Gram staining, Oxidase test, Catalase test, and carbon
dioxide (CO2 production.For CO. production, MRS
and M17 broth containing Durham tubes were used.

Citrate excluding MRS and M1i17 broth were used
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because citrate can produce CO.. 100 pl of 24 hour
old cultures were inoculated into 5ml citrate minus
MRS and M17 broth and incubated for 72 hours at 37
°C.

Technological characteristics

Evaluation of enzymatic activity of lactic acid
bacteria

For amylolytic activity,1 gram of starch was added in 1
gram of nutrient agar in 100 ml of distilled water.
Surface dried plates of starch were streaked with 24
hours old culture of LAB and incubated at 37°C for 48
hours. These plates were then flooded with gram’s
iodine for 15 to 30 minutes. Then clear zone around

the colonies were observed.

For proteolytic activity, Skim milk agar plate was
prepared (10 g of skim milk and 2.5 gram of agar)
(Gordon et al., 1973). Surface dried plates of milk
agar were streaked with 24 hours old culture LAB and
incubated at 37°C for 48 hours. After incubation clear

zone around the streak were observed.

Media used for the lipolytic activity was described by
(Sierra, 1957) in this method tween 80 was used as a

lipid substrate. Clear zone of hydrolysis was observed.

Physiological parameters

To check the survival of presumed Lactic acid bacteria
isolates, different NaCl concentration 2%, 4 % for
cocci and 4%, 6.5% for rods were used. To perform
the experiment, 100 ul of overnight cultures were
inoculated into 5ml of MRS with 2% 4 % and 6.5 %

NaCl concentration.

Growth and pH of isolates was determined at three
different temperatures 15°C, 30 °C and 45°C. 100pl of
overnight activated cultures were inoculated into
MRS broth for bacilli and M17 broth for cocci.
Acidification potential was also determined at the
same temperature by inserting probe of pH meter.
Growth pattern was observed with the help of optical

density at 6oonm.

Identification of selected isolates by partial
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sequencing of 16SrDNA

For DNA extraction, bacterial isolates were inoculated
in TSB broth and placed at 37 °C shaker for 24hr.
DNA extraction of isolates was carried out using the
CTAB method as described by Kate Wilson (Wilson,
1975). The gel was run at 100 volts, 400 milli-
amperes current to visualize the extracted DNA

quality.

Phylogenetic analysis

After DNA extraction, isolated DNA was partially
sequenced for 16S rRNA gene. Sequencing was
carried out by Macrogen Commercial Seoul, South
Korea. 16S rRNA gene sequences of the isolated
strains and the most similar sequences from Gen
Bank were identified through BLAST from NCBI. The
alignments were then thoroughly analyzed and
corrected. This was followed by construction of
Phylogenetic trees for isolates with Bootstrap values

using neighbor joining method.

Analysis of isolates for the milk fermentation

For the milk fermentation cultures were activated
into the tryptone soya broth(TSB) broth for 24hours.
Then inoculated into pasteurized milk for 24 hours.
Fermentation was performed in two batches, one with
starter culture that act as a control, was introduced
into pasteurized milk, and other batch, with

combination of (QauSt1+QaulLbo1) were inoculated.

Both of these combinations were examined for pH,
titratable acidity, total solids, syneresis, and FTIR
analysis at different intervals that described the
biochemical changes occurred during the
fermentation process. The experimental samples were

also analysed for viscosity and Mineral content.

(A.0.A.C, 1990) method number 981.12 for the
determination of pH was followed. (A.0.A.C, 1990)
method number 967.16 was followed for determine
the titratable acidity. Similarly, (A.0.A.C, 1990)
method number 925.23 was used to calculate the total
solid content present in yogurt. After separation of
solid content, the resulting whey was used to

determine percentage of syneresis.
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Frontier transformed infrared spectroscopy was used
in order to analyse the chemical changes taking place
in yogurt fermentation. FTIR was done by Perkin
ELMER spectrum 65FTIR spectroscopy equipped
with ATR. For each sample the spectrum range was
650-4000c/m. In order to observe different peaks, an
overlay was formed which showed the new peak.
Changes occurred in the sample were compared to the

control sample.

Measurement of viscosity

Viscosity was measured using a viscometer model
LVDVE, DV-E Viscometer (Brookfield Engineering
Laboratories Inc., Stoughton, MA) using spindle
number 64 which was set clockwise at 100rpm. Every
experiment was repeated 3 times to have some
analysis.

meaningful results after a statistical

Viscosity was expressed as milli poises (m.p.s).

Determination of ash contents

The ash content was determined by dried ash method
in a muffle furnace (Carbolite, Model No. CWF 1200)
at 500°C for 6 hours (overnight) as described by
(Hernandez and Park, 2014). Ash contents were

determined by the following formula:
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\Ash B = weight of erucible md Ash - weight of cruzible x 100/ weight of smnple\

Digestion of ash and mineral analysis

The digestion of ash samples was carried out to
determine mineral concentration in Dahi. Ash was
dissolved in 15-20 ml of nitric acid (1: 1 ratio) and
heated on hot plate at 80°C till the colour of the
fumes changed from brown to yellow; this process
was performed in the fume hood. After dissolution
2M nitric acid was used to make the volume upto
25ml. minerals including Ca, Mg were determined by
using the scientific Nov 300 Flame Atomic
Absorption Spectrophotometer Fe, zinc concentration
was determined by the Analytik Jena AAS vario 6
Atomic absorption spectrophotometer While Na and
potassium were determined by AFP 100 flame
photometer using their standards, and concentrations

were noted.

Results and discussion

Morphological and biochemical identification

In current study, selective media such as MRS and
Ma17 were used keeping in view the specific nutritionl
requirements of LAB and twenty isolates were
selected for identification and characterization from

indigenous fermented milk product Dahi.

Table 1. Morphological and biochemical identification of the isolates.

Isolates Colony Colony Colony colour Gram Cell Catalase Oxidase  CO.
Surface Margin staining Shape  Test test Production
QauLac 1 Pin point  Regular Pale yellow G(+) Cocci - - -
QauLeus Pin point  Regular Pale yellow G(+) Cocci - - +
QaulLeuq Pin point  Regular Pale yellow GH+) Cocci - - +
QauSt 9 Pin point  Regular Pale yellow GH+) Cocci - - +
QauEmo2 Pin point  Regular Pale yellow G(+) Cocci - - +
QaulLeu11 Pin point  Regular Creamy GH+) Cocci - - +
Qaulaci2 Pin point  Regular Pale yellow G(H+) Cocci - - +
QaulLeu14 Pin point  Regular Pale yellow GH+) Cocci - - +
QauSt1 Pin point  Regular Pale yellow G(H+) Cocci - - +
QaulLeu18 Pin point  Regular Pale yellow GH+) Cocci - - +
QauLbd16 Smooth Irregular Light grey GH+) Rods - - +
QauLbo1 Smooth Irregular Light grey G(+) Rods - - +
QauLabf Smooth Irregular transparent GH+) Rods - - +
QaulLabe smooth Irregular Whitish G(+) Rods + - -
QauLabf1 Smooth Regular Grey GH+) Rods - - +
QauLabmo Smooth Irregular Grey/white G(+) Rods + + -
QauLabf3 Smooth Irregular transparent G(+) Rods - - -
QauLabw2 Smooth Regular Transparent GH) Rods - - -
QauLabw3 Smooth Regular Transparent G(+) Rods - - +
QauLabws Smooth Irregular Creamy GH) Rods + + -
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The colonies were pinheaded shiny and transparent

on MRS agar.

The results of gram staining showed the presence of

purple rods individually and in chains which
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confirmed that they were gram positive. While on
Ma17 agar the colonies were yellowish creamy and pin
point in appearance. Gram staining indicated the

presence of purple cocci.

Table 2. Evaluation of enzymatic potential of presumed Lactic acid bacteria.

Isolates Lipolytic activity

Proteolytic activity

Amylolytic activity

QAULAC 1

QAULEU3

QAULEU4

QAUST 9

QAUEMo2

QAULEU11

|+ | ]+ +]
1

+| +| +

QAULAC12

QAULEU14

QAUST1

QAULEU18

QAULAB16

QAULBo1

QAULABF

QAULAB E

QAULABF1

QAULABMO

|+ | ]+ ] ]+

QAULABF3

QAULABW2

QAULABW3

+

|+ ] ]+ +]+

] | ] ] ] ] ]+

QAULABW5

The dominance of catalase and oxidase negative gram
positive rods and cocci among the isolates is
consistent with the finding of (Naeem et al., 2012)
and (Magsood et al., 2013) who observed the
presence of these bacteria from locally available dahi.
Similar results were also presented by (Gad et al,
2014) who confirmed the presence of these bacteria in

dairy and pharmaceutical products.

Isolates were further analysed for the biochemical
test. Results for CO- production test shown that six
strains were homofermentative i.e. end product was
lactic acid and fourteen were heterofermentative i.e.
along with lactic acid other aromatic compounds and
CO2 were also formed. The results for morphological
and biochemical identification are summarized in
Table 1.

Technological characteristics

The results for enzymatic activity of isolates are
summarized in the Table 2. Proteolytic activity
(degradation of casein) was observed in seventeen
isolates, when tested on skim milk agar. It is the most
abundant protein in the milk as a main source of
amino acids. Proteolytic properties are important for
the development of organoleptic properties of
different fermented products. During proteolysis, the
amino acids which are produced, serve as a precursor
for the development of flavouring compounds
especially aldehydes in the product. Our study is in
agreement with the earlier findings (Dagdemir and

Ozdemir, 2008; Hassaine, 2008).

Lipolytic activity was examined in eighteen isolates

out of twenty. The isolates showed hollow zone
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around the colonies which was an indication of lipid
degradation while QauLeu14 and QauLabw2 showed
negative results for lipolytic activity. It is predicted
that such activities can be manifested in vivo for the
reduction of cholesterol level in humans, as a starter

and adjunct culture (Ramakrishnan 2012). Our study
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is contrary to the findings of (Bridget, 2011) where
less lipolytic and amylolytic strains were screened in
dairy industry these can be used in the hydrolysis of
milk fat. Similar findings have been reported by

(Fortune Akabanda, 2014).

Table 3. Physiological profiling of Lactic acid bacteria Isolates.

Isolates Growth at different temperatures pH at different temperatures Growth at diff. NaCl concentrations
OD at 600
15°C 30°C 45°C 15°C 30°C 45°C 2% 4% 6.5%

QaulLac1 0.89+0.48 3.67+0.37 3.70+£0.93 7.33+0.49 6.58+0.43 6.91+0.16 0.34%+0.04 1.69+0.05 -
QauLeu3 1.14+0.36 3.83+1.20 4.20%1.53 7.36+0.42 7.49+0.39 6.51+£0.25 0.43£0.01 3.47+0.33 -
QauLeug 1.17£0.35 5.32+1.88 3.66+£1.06 7.09+0.27 7.11+£0.27 6.63+0.32 0.34+0.03 2.7840.13 -

QauSt 9 1.46+£0.43 5.38+1.31 2.86+0.69 7.25+0.16 7.34+0.65 6.67+0.14 1.56+0.02 0.60+0.14 -
QauEmo2 4.27£1.01 6.45+2.8 0.68+0.07 7.04+0.09 6.81+0.10 6.64+0.19 1.43+0.01 3.39+0.01 -
QauLeu11 0.97+0.18 3.14+0.69 3.78+1.54 7.24+0.23 7.55+0.72 6.76+0.40 0.51+0.01 2.28+0.09 -
QauLaci2 1.31+£0.57 4.13+2.61 4.93+1.54 7.36+0.44 7.47+0.44 6.81+£0.34 2.28+0.04 0.29+0.20 -
QaulLeu14 2.04+1.46 3.55+2.0 1.39+£0.47 7.07+0.24 7.40+062 6.67+0.48 2.40+0.01 1.65+0.04 -

QauSt1 0.82+0.16 3.81+1.62 3.91£02.9 7.24+0.18 6.92+0.16 6.60£0.24 3.44+0.32 2.46+0.42 -
QauLeu18 1.44+£0.16  4.45+1.50 4.64+1.23 6.81+0.18 6.89+1.07 6.45+0.25 2.43+0.22 0.57+0.05 -
QauLab16 1.03+0.2  2.41+0.40 2.62+0.46 5.42+0.55 5.55+0.46 4.83+0.15 - 4.39+0.23 6.96+0.12
QaulLbo1 0.98+0.04 4.58+2.87 4.59+2.34 6.18+1.17 6.11+0.98 4.89+0.12 - 0.80+0.22 3.31+0.19
QauLabf 1.19£0.41 3.23+1.67 1.02+0.64 5.86+0.50 5.16+0.53 4.83+0.15 - 2.67+0.15 2.58+0.10
QaulLabe 0.87+£0.15 3.90+1.49 5.15+0.78 7.07+0.42 6.94+0.86 4.88+0.49 - 5.41+£0.14 3.36+0.35
QaulLabf1 1.10+0.53 6.90+0.24 2.91+1.22 5.48+0.5 6.12+1.0 5.01+0.20 - 2.47+0.26  7.09£0.23
Qaulabmo 0.83+0.47 4.48+3.95 3.31+2.15 7.27+0.37 6.21+0.21 6.56+1.7 - 5.08+£0.26 6.62+0.10
QaulLabf3 0.51+£0.27 1.45+0.31 1.47+0.72 5.78+1.2 5.04+£0.74 4.98+0.18 - 0.91+£0.05 4.61+0.29
QauLabw2 0.54+0.43 3.43+1.88 3.83+1.88 6.06+0.21 6.63+0.3 5.07+0.68 - 1.16+£0.01 4.22+0.19
QauLabw3 0.85+0.05 2.80+1.36 4.49+2.36 5.83+0.47 6.37+1.3 5.13£0.29 - 1.22+0.29 6.56+0.31
QauLabws 2.84+1.18 3.73+1.85 5.53+2.0 5.43+0.60 6.55+1.6 4.82+0.24 - 1.10£0.15  1.49+0.10

Amylolytic Lactobacillus strains hydrolyse the starch
granules into low molecular weight sugar causing the
acidification of media (Giraud, 1994). This trait of the
strains to convert directly the cheaply available
starchy substances to lactic acid is quite economical
for agriculture. Screening of amylolytic activity is in
line with these reports (Reddy et al., 2008; Tchekessi
et al., 2014; Vishnu, 2006). Ten Isolates had shown
clear zone around the colonies which indicated
degradation of starch. While other isolates showed
negative results for amylolytic activity, this could be

due to the absence of amylase enzyme (Table 2).

Physiological characteristics of isolates

Growth and pH at different temperatures indicated

that six isolates were found to be mesophiles and
showed maximum growth rate at 30°C and decline in
pH at 30°C was observed only in one isolate
(QauLabmo) as shown in (Table 3). Thermophilic
isolates showed better logarithmic phase and
increased acidification at 45°C. Some isolates showed
increase in growth rate and rapid decrease in pH at
two different temperatures i.e. at 30°C and 45°C.
These represent meso/thermophiles. It is concluded
that LAB had a growth survival better at 30°C and
45°C. Our finding is conclusive with the reports
mentioned by the following (Mallesha SR, 2010;
Nikita and Hemangi, 2012). Minor growth was
observed at 15°C, however most of the rod shaped

bacteria also shown a decline in pH at this
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temperature. The obtained results revealed that the

presumed Lactobacilli species were fast acid

producers as compared to sensitive to low pH.

Lactococci/Enterococci/Streptococci species. pH of

Lactobacilli decreased to 4 and remained 4 after the

4th day. However, heterofermentative bacteria are

QauLab e
QauLacl2
QauL abw2
QauLeull
Qaul eu3
QaunLabf
QanLeunld
QaulLabf3

E

Qaul.abw3
QauL abws I
QaulLabfl
(QauEmo7 |

QansSt 9
Qaul eund
QauLeuls I
QauLabimo

0.985 0.885 0.785 0.685 0.5285
Simndlarity Index

0.485

Fig. 1. Agglomerative hierarchical clustering (AHC) for the grouping of isolates based technological properties.

— 311735190 _Uncultured bacterium clone MiHIBS
—— 384220 Uncultured bacterium clone WHIV_F_0G

109147753 _Uncultured bacterium clone WA2527
{ 105147730 Uncultured bacterium WA25-213
145554363 Uncuftured bacterium BFOMD20043
923453163 Lactabacillus delbrueckii subs p. bulgaricus strain My52
142552230 _Uncultured bacterium & olate B FO0014034
22150101 Uncultured bacterium clone nod 2058061
29124355 Lactabacillys delbrueckii s ubsp. bulgaricus 20338
25410130 Uncukured bacterivm IMAU 113

Lactobacillus delbruechii subsp. bulgaricus CauLboi
103422333 Lactobacillus delbrueddii subs p. bulgarices ATCC 118482

Fig. 2. Dendeogram of phylogenetic analysis of Lactobacillus bulgaricus subsp. Delbrueckii.

This study is in agreement with the finding of (Abd El accelerate the ripening process (Herreros, 2003).

Gawad et al., 2010; Hassaine, 2008; Khedid, 2009).

Rapid acidification is the good candidate for the
development of starter culture. Slow acid producers
can be used as adjunct starter i.e. in the production of
flavour compounds, playing the role of nonstarter

culture in order to inhibit other strains as well as

Strains were tested for their growth at different NacCl
concentrations i.e. 2%, 4% and 6.5%. For cocci 2 and
4% NaCl was used, for rods 4 and 6.5% NaCl
concentrations were used. Mostly Lactobacilli isolates

showed better survival at 6.5%. rather than 4% of

421 | Nawaz et al.



Int. J. Biosci.

NaCl concentration. Survival of Lactococct isolates in
2% and 4% NaCl concentrations was of equal ratio.
When LAB are confronted with the decreased water
activity i.e. during drying over the long period of time,

salt tolerant LAB can accumulate betaine and

2016

carnitine. These solutes help in the survival in harsh
environment. Such strains are important in food and
feed industry where dried frozen starter cultures are

used (Edwin et al., 1996).

S7¥1341491_Streptococcus_sp._BAB-3369

31943901 S _Uncultured_organism _clone_ELUO092-T1 S
2194839086 _Uncultured_organism _clone_ELIIO092-T1 5
319439102 _Uncultured_organism _clons_ELIO092-T15
519517402 _Uncultured_organism _clone_ELUO0O164-T573
SEFSTITAS_S . _thermophilus_hl M-ZLw 002 (3]
BEVSTYITAS_S . _thermophilus_ b E-ZA 0020270
JEGVSTYITAS_S . _thermophilus_bMM-Z0 -002

4723AT2E4_S ._thermophilus_TIIZ2
472397267 _S. _thermophilus_TIUS

403032922 _= . _thermophilus_strain_ASR-A

444439512 _S . _therm ophilus_d KoFLWwY 002

ISASBOIIET _S._thermophilus_MNBRC_13957

343198522 _=._thermophilus_strain_ATCC_ 192538

IFAZTYTOES_S . _thermophilus_JIik _5232

5194539076 _Uncultured_organism _clone_ELLUOO032-T15
FOES02S89_S _thenn ophilus_hGB S9-S5

—E 296502554_S _thenm ophilus_MGE S0-6

S . _thermophilus _Saust1

472397 275 _S._thermophilus_TU1E

I— 47 23A72T0_S._themmophilus_TUS

472397272 _= . _thermophilu=TU1 0

—
[aYl==)

472397280 S _themmophilus_TU1S

Fig. 3. Dendrogram of phylogenetic analysis of Streptococcus thermophilus Qaust1.

<0 9
50 s
= § 5
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E Time
A . Starter culture (TS) QAULDLOL+QAUStL (TS)
— Starter cultur e (acidity) QAULDBOL+OQATTIStL {(acidity)
== Starter cultmre (Syneresis) QAULDOL+OQATSEL (Syner esis)
—e#—Starter culture (pH) o QAULDLOL+CQAUSEL (pH)

Fig. 4. Graph showing the change in pH, Acidity, Total Solid content, Syneresis after fermentation for 96 hr.

Selection of isolates for phylogenetic identification
based on their growth rate and pH

Agglomerative hierarchical clustering (AHC)was used
to group the isolates into different groups based on

their growth rate and pH.

Partial sequencing 16SrRNA Gene and phylogenetic
analysis of selected lactic acid bacteria

Molecular identification of selected isolates was
carried out to confirm the identity of isolated strains

through 16S DNA sequencing. The result of 16S
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sequencing indicated that isolated strains were
Lactobacillus bulgaricus subsp. delbrueckii and
Streptococcusthermophilus, Enterococcus mundtii

etc.

Phylogenetic analysis of 16S rRNA gene showed that

the selected isolate belonged to  genus
Lactobacillus.Our isolate is more homologous to the
ATCC strain 11842 dairy products; Bulgarian yogurt.
The sequence for Lactobacillus
delbrueckii QAULBoO1is submitted with accession no

KTo021869 (Fig. 2).

Phylogenetic Analysis showed thatour isolate was
more homologous to the S. thermophilus TUS5

isolated from dairy ecosystem in Taif Saudi Arabia.
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The sequence forStreptococcus thermophilus Qausto1
is submitted in the gene bank under the accession no.
KTo021870in NCBI (Fig. 3).

Comparative fermentation ability of isolated
strainswith commercial starter culture

On the basis of biochemical and technological
characterization two strains were selected and
inoculated in the milk in combination (Lactobacillus
delbrueckii QauLbo1+ Streptococcus thermophilus
QauSt1). There affect was studied in comparaison
withcommercial starter (Clerici-Sacco, Italy). Milk
after fermentation was subjected to following
Rheological parameters: pH, Solid content, Syneresis,
titratable acidity, FTIR analysis, Sensory evaluation,

Viscosity, Proteolysis and Mineral analysis etc.

Scores

0

m Commercial starter

O lselated culture

Arocma Coler

Taste

Texture COwverall Acceptability

Fig. 5. Graph showing the sensory evaluation of commercial starter and Experiment 2 (QauSt1+QauLbo1).

(Experiment 1= commercial starter), (Experiment 2=
(QauSt1+QauLboz1).

Effect of Isolates on The pH and titratable acidity of
Fermented Milk with time

pH of Fermented Milk was continuously measured
with the help of pH meter. Readings were noted after
every 24 hours for 4 days. Experiment
2(QauSt1+Qaulbo1)showed rapid decrease in pH
(6.98) from ohr even greater than starter culture
(control) pH (7.8), upto the 4t day where the pH
(4.46) for Experiment 2became stable however for

Experiment 1pH shown continuous decline (3.72).

For the analysis of variance, Annova (Tukey)
treatment was done. There was a significant
difference between Experiment 1 and Experiment 2 at
ohr, as Experiment 1 shown higher mean value as
indicated by A in the figure (Fig. 4). However after 96
hrs. Experimnet 2 (A) shown higher mean value with
stability in pH and it was significantly different from
Experiment 1(B).

Titratable acidity was measured with the equivalent
weight of Lactic acid present in the sample by
titrating it against the 0.1IN NaOH used. Results
showed that in Experiment 2(QauSt1+QaulLbo1)the
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acidity was significantly increased after 6 hours and
48 hours but on 4% day the acidity was same as
compared to Experiment 1 (starter culture). Annova
shown that there was no statistically significant
difference between the acidity of both experiments
(Fig. 4). With the help of titratable acidity increase in
acid production was also conformed. The presence of
lactic acid is responsible for the sour taste, safety and

improves microbial stability.

Solid content was assessed by the centrifugation
followed by successive drying of yogurt sample in dry
oven. The results shown that there was no statistically

significant difference between solid content of both

2016

experiments for 6hrs as shown by (A). After 6 hrs.
there was a significant difference between solid
content of Experiment 2 (QauSt1+QaulLbo1). (A) (Fig.
4). However, at 96hrs although mean value for
Experiment 2 was high than Experiment 1 but there
was less significant difference between Experiment 2
and 1. The increase in solid content led to more thick
consistency in milk fermented with isolated strains as
compared to control sample. Increase in solid content
could be related to the increase in proteolytic activity
that contribute towards the taste, texture and

flavoured compounds formation (Akabanda et al.,
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After inoculation at start of fermentation. B: after 6hrs of fermentation.
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Liquid content that is present during the yogurt
formation is called Syneresis. Syneresis is calculated
after every 24 hours for about 4days. Syneresis was
less in Experiment 2 as compared to the Experiment 1

and remained less until the 4t day.

There was statistically significant difference between
syneresis of Experiment 1, as indicated by its higher
mean value (A) and experiment 2 with less mean
value (B) until 96 hrs. (Fig. 4). Study revealed that
syneresis and whey separation is the result of
instability of weak yogurt gel network. In this way
protein molecule is unable to trap the water in three
dimensional networks. Our finding is in agreement
with the results that syneresis usually increases with

decrease in pH (Olson and Aryana, 2008).
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Sensory evaluation

The end products of Experiment 1 and Experiment 2
were tasted by trained Judges to check the
organoleptic characteristics of fermented milk of both
treatments. Though there was a huge significant
difference in taste as compared to commercial starter.
Relatively higher scores given to aroma, texture and
taste of the product fermented by isolated cultures as
compared to starter culture. In colour, more score
was given to the stater culture (Fig. 5). The white
colour of yogurt sample in Experiment 1 is caused by
the light scattering of fat globules and casein micelles.
While the yellowish colour of the product was due to
the presence of riboflavin in the Experiment 2
(Walstra, 2006). Our results were contrary to the
finding of (Aryana and McGrew, 2007).

A 1000
u Starter culbare O QauLb0l+0OaunStl
— 200
=
=B
£
- SO0
=
E]
(2]
=
3 A00
=B
=
e —
= - -
é 200
(=]
—r
[x] —|
ng Ca Ma K
=20
B 3.5
B
Ty
'-%3 25
=]
= 2
L=
al
[ =
e
L] 1 5
=
[=]
_
1
0.5
Fe L

Fig. 7. Concentration of macronutrient (A) and oligo nutrients (B) in fermented milk produced by commercial

starter culture and isolated cultures.
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Viscosity

Viscosity of yogurt samples was calculated at sixth
hour of incubation. Starter culture showed 400 to
final viscosity: 200 milli poises. Experiment 2
(QausSt1 + QauLbo1), 550 to final viscosity: 400 milli
poiseswas observed. Significant increase in sample
was quite evidentwhich means that Experiment2must
had higher stabilityas compared to Starter culture.
Increase in apparent viscosity might be due to
rearrangement of the fat globules, more proteins
(mainly caseins) from the serum get attached. As a
result, the number of structure building components
increase (Robinson, 2006). Increase in protein matrix
as well as the formation of bigger number of bonds
that are resistant to flow.

of biochemical changes
fermentation by FTIR

Estimation during
ATR-FTIR of Experiment 1 (commercial starter
culture) and Experiment 2 (QauSt1 + QaulLbo1), were
carried out at time of inoculation. Two main stretches
and one in the minor stretch fingerprinting region
were observed. The first wave number obtained is
3357cm™? indicated the presence of alcohols and
phenols. Peak at 1640 cm™ indicated the presence
primary amines or alkenes. Peak at 1076 cm™

represented aliphatic amines (Fig. 6A).

However, after 6th hour of yogurt formation, peak at
1745.11cm™ indicated the presence of esters. Similar
ester groups within 1740-1750 cm-1 were also
observed (Naumann, 2000). Ethyl esters, originated
from the enzymatic or chemical esterification of acids
with ethanol possess sweet and fruity notes and
contribute to the aroma of dairy products (Molimard
and Spinnler, 1996). Peaks at 2923.74 cm™ and
12853.54cm ' indicated the presence of alkanes group.
Spectral region between 2850 and 3000cm™ was
dominated by —CH3>CH. and >CH groups usually
present in fatty acid components (Naumann, 2000;
Nicolaou et al., 2010; Sakhamuri, 2004). Peak at
1455.11cm™ was only evident in Experiment 2 (Fig.
6B) represents the aromatics group as compared to
commercial starter. These aroma compounds could

be the result of microbial, enzymatic, or chemical

2016

transformations of lactose, lipids, citric acid, and
proteins/amino acids present in milk. One major
pathwayis through lipolysis or oxidation of fatty acids
in milk fat, while another is microbiological
transformations of lactose by lactic acid bacteria
whichproduce flavour e.g. lactic acid, acetaldehyde,

diacetyl, acetoin, and ethanol (Adriana et al., 2014).

Impact of starter on Mineral contents
The average % age of ash for Experiment 2 was
(0.765+0.035) which was higher than control
(Experiment 1) (0.478 + 0.072). The ash content
determines the degree of mineralization indirectly
that’s why the digested ash was analyzed further by
flame Atomic

photometry  and absorption

spectrometer.

The digested ash samples were subjected to Flame
Photometer and Atomic absorption spectrometer to
analyze the Na, K and Ca, Mg, Fe, Zn respectively. In
the present study, Experiment 2 shown the highest
concentration of K720 mg/kg as compared to the
Experiment 1 (starter culture) 645 mg/kg followed by
other macronutrients i.e. Na, Ca and Mg. Also
Experiment 2 (QauSt1 + QauLbo1), showed higher
concentration of all these nutrients in contrast to
Experiment 1 (starter culture), except for Mg which
was slightly higher for starter culture (Fig. 17A).
These results are in accordance with the study of
(Amellal-Chibane and Benamara, 2011) on natural

yogurt in Algeria.

They reported that the potassium, calcium, sodium
and magnesium concentrations were up to the mean
values of 540.58 + 38.33, 1950.41 + 67.90, 684.72 +
8.92 and 132.16 +16.36 mg/L respectively while the
highest concentration of these minerals was reported
by (Bilandzi¢ et al., 2015) in Croatia. The oligo
nutrients containing Fe and Zn content were also
measured within a range of 2.7 mg/L and 2 mg/L
respectively in the Experiment 2 greater than
Experiment 1 (Fig. 7B) and these results again
confirmed the findings of (Gonzilez-Martin et al,
2011; Amellal-Chibane and Benamara, 2011; Chekri et

al., 2012).
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Conclusion

The study revealed that different genera of Lactic acid
bacteria like Lactobacillus delbrueckii, Streptococcus
thermophilus, Enterococcus faecium and
Enterococcus mundtii are quite predominant in
indigenous fermented milk product Dahi. Their
presence imparts unique taste and good therapeutic
features to the product due to their physiological and
technological characteristics. Moreover, the study is
unique as it signifies the isolation of wild Lactic acid
bacteria (Lactobacillus delbrueckii, Streptococcus
thermophilus etc.)from indigenous milk product
Dahi, and their application in milk fermentation
against international starter culture to reproduce the
comparable results. The combination of these strains
shown high solid content, less rate of syneresis, and
high concentration of nutrients i.e. K, Na, Ca, Fe and
Zn then the starter culture on fermented milk.
Additionally, the application of these characterized
strains for milk fermentation at pilot scale needs to be
done as it will cut down the expenses on the import of

foreign starter cultures for milk fermentation.
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