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Abstract 
Background: Milk is a healthy human nutrient, which is fermented to yogurt 
by lactic acid bacteria, mainly Streptococcus salivarius ssp, thermophilus and 
Lactobacillus delbrueckii ssp. bulgaricus. This study aimed to isolate ther-
mophilic starter bacteria from homemade yogurt made in Gaza Strip. The 
study sought to define both the biochemical and molecular characteristics of 
the isolated bacteria. Results: Three of the isolates were identified as Strepto-
coccus thermophiles while two isolates were recognized as Lactobacillus del-
brueckii ssp. bulgaricus. All five identified isolates showed worthy acidifica-
tion capacity. Based on these characters, strains were applied for making yo-
gurt either as single pure cultures or as mixed cultures. When using mixed 
cultures from S. thermophiles and L. bulgaricus, all tested combinations 
showed positive results. Conclusion: Isolated strains showed remarkable 
biotechnological characters. The isolates are expected to stimulate and im-
prove quality of the yogurt when they are used as mixed starter cultures. 
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1. Introduction 

Lactic acid bacteria are recognized as important industrial bacteria due to their 
fermentative capacity and their health and nutritious benefits. Yogurt is popular 
and familiar dairy product that is consumed in many countries around the world 
[1]. Mediterranean, Asian countries and in central Europe are regarded as the 
main areas where yogurt is produced and consumed [2]. Part of yogurt con-
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sumed in Gaza Strip is manufactured by conventional methods where 1-day old 
yogurt is used as starter culture for fermenting the fresh milk. During the tradi-
tional homemade process, spontaneous uncontrolled fermentation conditions 
dominate. Such type of fermentation is considered as the primary method used 
to preserve milk. 

Yogurt production mostly denotes the use of mixed starter (Streptococcus 
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus) [3] [4]. Starters for 
yogurt production grow in a symbiotic association [5]. The bacteria play vital 
roles during fermentation, including lactose conversion to lactic acid, partial 
proteolysis of casein, development of aromatic compounds, developing charac-
teristic viscosity and binding of water [1]. The high acidity of yogurt (0.85% - 
0.95%) contributes to preservation of the product by inhibition growth of pa-
thogenic or saprophytic bacteria [6]. A number of adopted manipulating 
processes offered to bring yogurt processing more attractive and give affordable 
product. Those processes include choice of competent starters that act to in-
crease gelling capacity and bring reduction in syneresis. Due to variations in 
properties of lactic acid bacteria (LAB), it is important to make assessment of the 
strains from different origins to characterize efficient and effective strains having 
desirable properties relevant for yoghurt industry. Therefore, it is very important 
to screen, identify, classify and choose stains for upcoming applications in the 
industry [1]. For industrial applications, it is vital to identify the bacteria used 
for fermentation. Use of phenotypic and biochemical characterization is mostly 
unreliable for providing quality data about the bacteria and in some cases, the 
data and results are non-reproducible. These obstacles directed efforts to depend 
molecular approaches for characterization and subtyping (on strain level) of the 
isolated bacteria. Therefore, it is mandatory to create efficient and time-saving 
techniques to categorize the isolated bacteria regularly. Molecular methods are 
applicable as identification tools as they improve the efficiency of detection and 
enumeration [7] [8]. 

The present work aimed to isolate thermophilic yogurt bacterial strain’s 
Streptococcus thermophilus and Lactobacillus delbrueckii subsp bulgaricus from 
homemade traditional fermented milk and identify them. PCR-based techniques 
were employed together with the phenotypic categorization methods. Some re-
levant properties of the isolated bacteria were examined for biotechnological ap-
plications as candidate starters for production of yogurt. 

2. Materials and Methods 

Traditional homemade fermented milk samples: Six samples of cow’s home-
made traditional yoghurt were collected from three geographical areas of Gaza 
strip. Samples were collected in sterile cups and stored at 4˚C until used. Ten 
grams of each sample homogenized and diluted by 90 ml sterile saline solution 
(0.85% NaCl) followed by 7-fold serial dilution for isolation [9]. 

Isolation of lactic acid bacteria strains 
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A 0.1ml taken from the dilutions and plated twice in M17 and MRS agar me-
dia used to detect cocci and bacilli, respectively. To prevent yeast contaminants, 
the media was complemented with 100 mgl−1 of cycloheximide antibiotic. The 
cultured MRS and M17 agar media were incubated an aerobically by using the 
gas pack system to provide 42˚C optimum temperature for L. bulgaricus and S. 
thermophilus, respectively. Colonies were randomly selected, then streaked on 
agar plates (MRS & M17) and incubated at 42˚C to obtain pure cultures. For 
short-term preservation, isolated bacteria agar plates (MRS & M17) were kept at 
4˚C. For longer preservation, the isolates were stored in M17 and MRS broths 
supplemented by 20% glycerol as cryoprotectant [9]. 

Identification of the isolated lactic acid bacteria: Genus of the isolated bac-
teria was determined by employing morphological, phenotypic and biochemical 
techniques. All isolates were subjected to gram staining, catalase test, gas pro-
duction from glucose test, grown at 15˚C & 45˚C, grown at 2%, 4% and 6.5% 
NaCl concentrations [10].  

Profile of sugar fermentation of the isolates: 
The API 5o CH system (Biomerieux, France) was used to demonstrate the 

carbohydrate fermentation profiles of the isolated bacteria. The database of ABIS 
online for bacterial identification was employed for elucidations of the results 
obtained from the fermentation profile tests [11]. 

Molecular identification for isolated bacteria:  
Identity of the species confirmed by using species-specific primers by PCR 

using 16S rDNA sequences [12].  
DNA isolation:  
Genomic DNA of the isolated bacteria was extracted by Genomic DNA Puri-

fication Kit Brand WISARD Promega for isolation of gram-positive bacteria 
according to instructions of the manufacturer. Until being used as template for 
PCR, the extracted DNA was stored at –20˚C. 

Primers 
 

 
 

PCR conditions 
BioRad, (USA) thermal cycler used for amplification of PCR. For synthesis of 
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methionine gene, conditions of PCR and reaction of the mixture were as follows:  
 

 
 

Volume of PCR reaction was 30 μl while the volume of DNA was 1 µl. 
For 16S rRNA gene, PCR conditions and reaction mixture were as follows: 

 

 
 

Restriction analysis of 16S rRNA gene product 
The restriction reaction of the 16S rRNA gene product was achieved by en-

donuclease enzyme Eco RI. Mixture of the reaction composed from 1 X of the 
restriction enzyme buffer, 10 µl of PCR product and 0.5 µl Eco RI [13]. 

Separation of Amplification Products 
For preparation of separation gel, 1.5% agarose was dissolved in 100 µl 1 X 

TAE buffer, temperature was lowered to 45˚C and 15 µl of ethidium bromide 
solution added with stirring. The agarose mixture was poured in casting stand 
then combs were placed and left to form wells [14]. PCR products (5 µl) were 
mixed with gel loading dye (2 μl). Starting from the second well, the samples 
loaded. In the first well, 100 bp DNA ladder was loaded as marker for molecular 
weight of the separated DNA. Electrophoresis at 80 V for 1 hour applied for the 
PCR products and the marker. The gel documentation system (CSL-MICRODOC, 
UK) was used to visualize the migrated amplification products. Successful am-
plification was confirmed by presence 1500 - 2000 bp DNA fragments [15] [16]. 

Assessment of fermentation performance of the isolates: 
Preparation of fermented milk 
To make fermented milk, pasteurized mixtures of 60 g/L of powdered milk 

were dissolved in 5 liters of cow milk [17]. Pasteurization process was carried 
out by heating the mixture at 80˚C for 15 min in water bath, homogenized and 
then rapidly cooled to 45˚C [18]. Each identified isolated types (Lactobacillus 
bulgaricus &Lactobacillus thermophillus) was examined for fermentation per-
formance separately and in combined manner. For separated performance test, 
1% of activated inoculums (106 - 107 cfu/ml) of isolated yogurt starters were 
added to the mixture. Activated inoculums were prepared by incubation in 10% 
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(w/v) sterilized reconstituted skimmed milk and incubated at 37˚C for 18 - 24 h 
before using pasteurized milk as the growth medium. For combined fermenta-
tion performance assessment, the milk mixture was inoculated with 5% (106 - 107 

cfu/ml) of S. thermophilus, L. bulgaricus (1:1) with stirring after inoculation and 
incubated at 42˚C in a shaker water-bath for 8 h. 50 ml of samples were taken in 
aseptic sterile cups for microbiological and biochemical tests every 1.5 - 2 hrs. 
Each experiment repeated three times [19] [20]. 

Measurement of pH and titration of acidity 
The pH meter probes directly into a homogenized sample of the fermented 

milk to determine the pH. For determination of acidity (lactic acid %), 0.1 N 
NaOH was used to titrate 1 ml 1 ml of homogenized fermented milk while phe-
nolphthalein used as indicator (0.1%, 3 drops). Titration process was performed 
with continuous stirring until the color of the solution appeared clearly as pink 
color lasting for 30 seconds. Volume of NaOH recorded and acid concentration 
calculated by using the formula: 

10 V NaOH 0.009 0.1 100A %L %
W

∗ ∗ ∗
∗=  

where 10 is the dilution factor; W is weight of titrated sample; V NaOH is the 
volume of sodium hydroxide consumed for neutralizing the lactic acid and the 
0.1 is normality of the sodium hydroxide [21].  

3. Results 
3.1. Isolation and Biochemical Identification of S. thermophilus  

and L. delbrueckii ssp. bulgaricus 

Six samples of traditional homemade yoghurt prepared from cow’s milk were 
collected and used to isolate and identify LAB. The isolates were incubated un-
der anaerobic conditions at 42˚C for 72 hours. As indicated previously, M17 
agar medium used to isolate of S. thermophilus and MRS agar medium used to 
isolate L. delbrueckii. Observations of Gram-stained cells under a light micro-
scope indicated that the isolated strains appeared in blue-purple color proving 
that the isolates are gram-positive bacteria. Two morphological structures were 
observed for isolates; one was cocci (isolates cultured on M17 medium) appear-
ing predominantly as pairs or forming chains, while the isolates grown on MRS 
medium appeared as long bacilli with curved ends and mostly showing them-
selves as single cells or as chains of 3 - 4 cells (Figure 1). 

The biochemical tests included catalase and gas production from glucose fer-
mentation. Catalase test was negative (no babbles) for both isolates. Additional-
ly, when isolates were examined for gas production by glucose fermentation, no 
gas accumulation seen in the tubes even after five days. With respect to the abil-
ity of isolates to grow at different concentrations of NaCl; cocci bacteria showed 
inability to grow even at 2% NaCl concentration. Bacilli isolates showed sensitiv-
ity to 4% and 6.5% NaCl concentration. Examining ability of isolates to grow at 
different temperatures was another criterion for classification. Cocci isolates  
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Figure 1. Microscopic appearance of bacterial isolates (a) Cocci and (b) Bacilli (40×). 
 
showed inability to grow at 10˚C and 45˚C while the bacilli isolates were not able 
to grow at 10˚C and 15˚C, but they grew well at 45˚C. 

The well-intentioned test to identify the differences among strains is carbohy-
drate fermentation using API 50 CHL assays, which allows the fermentation of 
49 different sugars as shown in Table 1. The profiles of the strains after the final 
reading were identified using ABIS online for bacterial identification  
(http://www.tgw1916.net/bacteria_logare_desktop.html). After processing of the 
obtained results with ABIS online software, the strains Lactobacillus and Strep-
tococcus isolates identified as Lactobacillus dekbrueckii ssp. bulgaricus and 
Streptococcus thermophilus strains with high percentage of reliability (96% for 
Lactobacillus and 84% for Streptococcus, respectively). According to MRS iso-
lates, glucose, fructose, lactose and mannose were affirmative with these isolates. 

3.2. DNA Identification 

Molecular approaches are applied to validate results obtained from the physio-
logical and biochemical assays to identify and diagnose streptococci and lactoba-
cilli isolates using PCR method and to achieve selective identification for pro-
posed isolates. This is realized by methionine biosynthesis gene and primers 
(cysmet2F and cysmet2R) to identify the isolated strains of yoghurt samples. 
PCR method used to amplify these genes including partial amplification of the 
methionine gene giving 700 bp DNA products in all isolates (Figure 2). 

Discrimination of lactobacilli from streptococci was achieved by ARDRA us-
ing enodonucleases Eco RI. The amplified 16S rRNA genes showed nearly 1500 
bp products in all isolates of lactobacilli and streptococci (Figure 3). When the 
entire amplified products were digested by Eco RI restriction enzyme, two sizes 
of lactobacilli around 700 and 850 bp were observed for the lactobacilli while for 
the streptococci the two sizes were around 650 bp and 850 bp as shown in Fig-
ure 4(a) & Figure 4(b).  

3.3. Assessment of Fermentation Performance of Strains 

The viable counts of starter cultures during fermentation 
Fermentation performance of the isolated bacteria carried out by using single  
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Table 1. Biochemical test results of the isolates by using identification system API50 CHL. 

9 8 7 6 5 4 3 2 1 0 # 

MDX ADO LXYL DXYL RIB LARA DARA ERY GLY NC SUGER 

− − − − − − − − − − BACILLUS A1 

− − − − − − − − − − BACILLUS A2 

− − − − − − − − − − COCCUS B1 

− − − − − − − − − − COCCUS B2 

− − − − − − − − − − COCCUS B3 

19 18 17 16 15 14 13 12 11 10 # 

SOB MAN INO DUL RHA SBE MNE FRU GLU GAL SUGER 

− − − − − − + + + − BACILLUS A1 

− − − − − − + + + − BACILLUS A2 

− − − − − − − − + + COCCUS B1 

− − − − − − − − + − COCCUS B2 

− − − − − − − + + + COCCUS B3 

29 28 27 26 25 24 23 22 21 20 # 

LAC MAL CEL SAL ESC ARB AMY NAG MDG MDM SUGER 

+ − − − − − − + − − BACILLUS A1 

+ − − − − − − + − − BACILLUS A2 

+ − − − − − − + − − COCCUS B1 

+ − − − − − − − − − COCCUS B2 

+ − − − − − − − − − COCCUS B3 

39 38 37 36 35 34 33 32 31 30 # 

GEN XLT GLYG AMD RAF MLZ INU TRE SAC MEL SUGER 

− − − − − − − − − − BACILLUS A1 

− − − − − − − − − − BACILLUS A2 

− − − − − − − − + − COCCUS B1 

− − − − − − − − + − COCCUS B2 

− − − − − − − − + − COCCUS B3 

49 48 47 46 45 44 43 42 41 40 # 

5 KG 2 KG GNT LARL DARL LFUC DFUC TAG LYX TUR SUGER 

− − − − − − − − − − BACILLUS A1 

− − − − − − − − − − BACILLUS A2 

− − − − − − − − − − COCCUS B1 

− − − − − − − − − − COCCUS B2 

− − − − − − − − − − COCCUS B3 

NC: NEGATIVE CONTROL, GLY:GLYCEROL, ERY: ERYTHRIOL,DARA: D-ARABINOSE, LARA: L-ARABINOSE, RIB: RIBOSE, DXYL: D-XYLOSE, 
LXYL: L-XYLOSE, ADO: ADONITOL, MDX: β-METIL-D-XYLOSIDE, GAL: GALACTOSE, GLU: D-GLUCOSE, FRU: D-FRUCTOSE, MNE: 
D-MANNOSE, SBE: L-SORBOSE, RHA: RHMANOSE, DUL: DULCITOL, INO: INOSITOL, MAN: MANNITOL, SOB: SORBITOL, MDM: 
α-METHYL-D-MANNOSIDE, MDG: α-METHYL-D-GLUCOSIDE, NAG: N-ACETYL-GLUCOSAMINE, AMY: AMIGDALIN, ARB: ARBUTIN, ESC: 
ESCULIN, SAL: SALICIN, CEL: CELLOBIOSE, MAL: MALTOSE, LAC: LACTOSE, MEL: MELIBIOSE, SAC: SACCAHROSE, TRE: L-TREHALOSE, INU: 
INULIN, MLZ: MELEZITOSE, RAF: D-RAFFINOSE, AMD: AMIDON, GLYG: β-GLYCOGEN, XLT: XYLITOL, GEN: β-GENTIOBIOSE, TUR: 
D-TURANOSE, LYX: D-LYXOSE, TAG: TAGAROSE, DFUC: D-FUCCOSE, LFUC: L-FUCCOSE, DARL: D-ARABITOL, LARL: L-ARABITOL, GNT: 
GLUCONATE, 2 KG: 2-KETO-GLUCONATE, 5 KG: 5-KETO-GLUCONATE. 
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Figure 2. Partial amplification of the methionine biosynthesis gene in traditional home-
made yoghurt isolates. Lanes 1, 2: Coccus B1, lanes 3, 4:Coccus B2, Lanes 5, 6: Coccus B3, 
Lanes 7, 8: Bacillus A1, Lanes 9, 10: Bacillus A2, NC: Negative control (no DNA control), 
M: 100 bp DNA ladder. 
 

 
Figure 3. Amplification of 16S rRNA gene from isolates that amplified methionine bio-
synthesis gene product. Lanes 1 - 4: Lactobacilli A1, A2 respectively, lanes 5 - 10: Strep-
tococci B1, B2, B3 respectively, M: 100 bp DNA ladder. 
 

 
Figure 4. Restriction analysis of 16S rRNA gene with EcoRI. (a) Restriction analysis of 
16S rRNA gene with Eco RI for LactobacilliA1, A2 respectively (b) Restriction analysis of 
16S rRNA gene with Eco RI for Streptococci B1, B2, B3 respectively, M: 100 bp DNA ladder. 

M 1 2 3 4 5 6 7 8 9 10

1.5 Kbp
1 Kbp

0.5 Kbp

M 1 2 3 4 5 6M 1 2 3 4

0.5 Kb

1 Kb 1.5 Kb

1 Kb

0.5 Kb
•

(a)                                                                  (b)
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and mixed cultures from two L. bulgaricus isolates (A1 & A2), and three S. 
thermophilus isolates (B1, B2 & B3) (see Table 2 & Figure 5). Results of single 
fermentation processes showed that initial total counts of bacterial population 
were approximately similar with minor increases after 2 h of incubation. The 
populations of starters for all cultures during fermentation course showed a 
steady increase in number. L. bulgaricus A2 isolate showed the fastest growing 
pattern among all single cultures. This conclusion is supported by the higher 
counts of L. bulgaricus A2 than any other single strains at any time interval 
while S. thermophilus B1 isolate exhibited the least count number. When per-
forming mixed fermentation processes by blending L. Bulgaricus & S. thermo-
philus (A1:B3) for 8 hours. 

3.4. Biochemical Analysis 

Changes in the total acidity and pH 
Table 2 and Figure 6 showed pH change and total acidity changes during 

fermentation period while Table 2 & Figure 7 showed changes in total acidity. 
Results pointed that pH decrease was connected with increase of lactic acid 
produced during fermentation time. The results showed fermentation performed 
by mixed inoculums of L. bulgaricus & S. thermophilus (1:1) gave higher acidity 
and lower pH compared with fermentation performed by single isolates. 

4. Discussion 

The biochemical tests included catalase and gas production from glucose fer-
mentation. Catalase test was negative (no babbles) for both the isolates. Addi-
tionally, when the isolates were examined for gas production test from glucose  
 

Table 2. Effect of culture composition on total acidity, acidification characteristics and viable counts of pure & mixed cultures 
grown on milk at 42˚C.  

Total acidity Changes in the Total acidity 
Viable counts of the starter culture 

strains (log10cfu-ml) 
 

6 4.5 3 1.5 0 24 8 6 4 2 0 8 6 4 2 0 
(h) Time 

Isolated Strain 

1.20 0.70 0.48 0.44 0.17 4.88 4.98 5.44 5.90 6.28 6.39 7.61 6.30 5.41 4.04 3.95 Lb. bulgaricus A1 

1.38 1.18 0.50 0.40 0.17 4.67 4.71 4.73 5.86 6.24 6.39 8.03 6.90 5.65 4.61 4.54 Lb. bulgaricus A2 

0.51 0.31 0.23 0.19 0.18 4.80 4.88 5.17 5.73 6.33 6.39 6.71 5.80 5.05 4.66 4.39 S. thermophilus B1 

0.47 0.36 0.27 0.22 0.18 4.98 5.01 5.29 6.11 6.38 6.40 7.26 6.43 5.32 4.82 4.61 S. thermophilus B2 

0.63 0.44 0.31 0.24 0.18 4.85 4.99 5.15 6.05 6.35 6.38 7.52 6.68 5.51 4.48 4.11 S. thermophilus B3 

1.66 0.84 0.54 0.44 0.17 4.64 4.68 4.88 5.45 5.99 6.39 8.20 7.48 6.05 4.95 4.70 Mix (A1:B1) 

1.88 1.20 0.60 0.54 0.17 4.57 4.63 4.71 4.90 6.20 6.39 7.91 7.64 6.39 4.91 4.63 Mix (A1:B2) 

1.76 1.36 0.78 0.54 0.17 4.61 4.67 4.83 5.16 6.21 6.40 8.33 7.61 6.18 5.02 4.76 Mix (A1:B3) 

1.90 1.32 0.74 0.52 0.18 4.40 4.67 4.83 5.02 6.12 6.40 7.61 7.07 6.30 4.33 3.93 Mix (A2:B1) 

1.84 1.46 0.66 0.54 0.18 4.50 4.58 4.61 5.10 6.14 6.41 8.05 7.34 6.54 4.53 3.98 Mix (A2:B2) 

2.80 1.80 1.16 0.48 0.17 4.20 4.38 4.41 4.93 6.17 6.39 8.02 7.12 5.57 4.91 4.84 Mix (A2:B3) 
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Figure 5. Changes in the viable counts of the isolated bacteria during fermentation of raw 
milk for 8 h at 42˚C. 
 

 
Figure 6. Changes in the pH of the isolated bacteria during fermentation of raw milk at 
different times on 42˚C. 
 
fermentation, there was no gas accumulation in test tubes. This means that the 
isolates behave as homofermenters of glucose and this result agreed with those  
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Figure 7. Changes in total titratable acidity of the isolated bacteria during fermentation of 
raw milk for 6 h at 42˚C. 
 
obtained by authors [22] [23] [24]. The cocci isolate show no growth at 2% NaCl 
while bacilli isolates grew at that concentration. This showed that bacilli isolates 
were sensitive to 4% and 6.5% concentration and this is in agreement with re-
sults obtained by others [25] [26] [27]. Cocci isolates were unable to grow 10˚C 
while they grow very well at 45˚C and this result agreed with those in literature 
[28] [29]. Bacilli isolates did not grow at 15˚C but grew 45˚C. According to the 
results obtained from online ABIS software, API 50 CH fermentation tests 
showed that the cocci isolates belong to S. thermophilus and the bacilli isolates 
belong to L. delkbrueckii ssp. bulgaricus and Streptococcus thermophilus strains 
with high percentage of reliability. This study applied quick and selective identi-
fication method for characterization of both L. bulgaricus and S. thermophilus 
from mixed cultures using a specific PCR based method of methionine biosyn-
thesis gene and restriction analysis method of 16S rRNA gene using Eco RI as 
previously reported [30]. Molecular diagnosis of the isolates showed that lacto-
bacilli produced a different profile than that of streptococci when performing 
restriction analysis (Figure 4(a) & Figure 4(b)) and this result agreed with a 
previous study [13]. The present work seeks to identify yoghurt starters isolated 
from traditional homemade yoghurt in Gaza Strip. As stated in previous studies, 
the amplicons of the methionine biosynthesis genes are present in L. lactis and L. 
helveticus thus, it is applicable for discrimination of these cells. The discrimina-
tion of L. bulgaricus, L. lactis and L. helveticus, attained by ARDRA as devised 
previously [13]. From our findings L. bulgaricus A2 isolate showed the fastest 
growth pattern among all single cultures. Abu-Tarboush (1996) contradicted 
this finding by stating that lactobacilli were always less numerous than the 
streptococci during fermentation of camel milk for 4 h at 42˚C. However, our 
results agree with Lore et al. 2005, who found that the total LAB counts in suusac 
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(a Kenyan traditional fermented camel-milk) were 6.8 log10cfu/ml and the 
prominent genus was Lactobacillus ssp. Likewise, Abdel Moneim et al. 2006, 
stated the main genus was Lactobacillus in garris product (Sudanese traditional 
fermented camel milk). Our results showed that the final pH after 24 h fermen-
tation of the mixed cultures were lower than pH of single cultures. This was 
supported by Carrasco et al. (2005) who stated that the pH of blend cultures 
were much lower than pH of the pure cultures. Also when Abu-Tarboush (1996) 
studied the action of various strains of commercial cultures in whole camel milk, 
he displayed that the last pH of the blends L. bulgaricus with the other isolates of 
S. thermophilus gave lower values comparing with isolates alone at 42˚C for 4h. 
The results obtained from this work showed that the pH of the fermented raw 
milk by the isolated starters ranged from 4.20 to 4.98 which is compatible with 
(Lore et al., 2005) results that described for suusac with pH around 4.30, but 
were higher than the results described in garris (pH 3.25 - 3.40) which is Suda-
nese traditional fermented camel milk. 

5. Conclusion 

Two isolates of L. delbrueckii ssp. Bulgaricus and S. thermophilus were selected 
to produce starters. These starters are low in cost and are easily affordable for 
production of yoghurt at small and large scale. The whole information obtained 
from the study proved the need to conjoint phenotypic, biochemical and mole-
cular techniques for identifying screened L. bulgaricus and S. thermophilus from 
natural sources for approving them as starters for manufacturing of yogurt as 
they were mostly imprecisely identified by phenotypic and biochemical tests on-
ly. PCR-ARDRA was found to be beneficial tool for identification of homofer-
mentative and thermophilic dairy bacterial species or subspecies. Distinguishing 
between isolated cultures by PCR-ARDRA is recommended for identification of 
lactic acid bacteria in combination with API 50 CHL. After testing and assessing 
the isolated strains on yogurt production, the data indicated that certain micro-
bial and biochemical changes happen during fermentation of milk. The results 
showed that microorganisms differed in growth, acid production and titration of 
acidity. Generally, mixed yogurt culture manifests superior growth, acid production 
and titrable acidity than single starter cultures. Finally, identifying the starters of 
yogurt is the first step for using these starters for production in the dairy industry. It 
is important also to screen all parameters of the isolated LAB concerning their sui-
tability as starter cultures, including acidifying activity, aroma compounds produc-
tion, particularly acetaldehyde and diacetyl, exopolysaccharides production and re-
sistance toward bacteriophage invasion. Determination of such characteristics 
would be helpful for industrial applications in future. Analysis of yoghurt start-
ers is a complicated process and involves various techniques, especially pheno-
typic, biochemical, molecular-based and even genomic techniques.  

Acknowledgements 

The authors would like to give thanks to Department of Biology & Biotechnolo-

https://doi.org/10.4236/aim.2018.812068


K. E. M. El Kahlout et al. 
 

 

DOI: 10.4236/aim.2018.812068 1017 Advances in Microbiology 
 

gy, Islamic University-Gaza for continuous support and offering exceptional re-
search accommodations.  

Funding  

All stages of research and writing of the manuscript are partially funded by 
self-efforts from the researchers and partially by Islamic University, Gaza, Pales-
tine.  

Authors’ Contributions  

Dr. Kamal El Kahlout and Dr. Tarek El Bashiti designed the study, analyzed and 
interpreted the data, supervised all experiments, identified lactobacilli using 
16S-ARDRA and drafted and reviewed the manuscript. Ismail El Quqa was in 
charge of isolating the lactobacilli and their identification by Biochemical tests, 
isolated DNA from lactobacilli and was responsible for 16S rDNA. Mahmoud El 
Hindi revised the manuscript critically for important intellectual content. All 
authors read and approved the final manuscript.  

Ethics Approval and Consent to Participate 

Sampling process was part of the master duties of the student and no legal or 
ethical permissions found needed from the ethics commission for such type of 
sampling work. 

Conflicts of Interest 

The authors declare that they have no conflicts of interest regarding the publica-
tion of this paper. 

References 
[1] Francois, Z.N., El Hoda, N., Florence, F.A., Paul, M.F., Felicite, T.M. and El Soda, 

M. (2007) Biochemical Properties of Some Thermophilic Lactic Acid Bacteria 
Strains from Traditional Fermented Milk Relevant to Their Technological Perfor-
mance as Starter Culture. Biotechnology, 6, 14-21.  
https://doi.org/10.3923/biotech.2007.14.21  

[2] Ghalem, B.R. and Zouaoui, B. (2013) Microbiological, Physico-Chemical and Sen-
sory Quality Aspects of Yoghurt Enriched with Rosmarinus officinalis Oil. African 
Journal of Biotechnology, 12, No. 2. 

[3] Velez, M.P., Hermans, K., Verhoeven, T.L.A., Lebeer, S.E., Vanderleyden, J. and De 
Keersmaecker, S.C.J. (2007) Identification and Characterization of Starter Lactic 
Acid Bacteria and Probiotics from Columbian Dairy Products. Journal of Applied 
Microbiology, 103, 666-674. https://doi.org/10.1111/j.1365-2672.2007.03294.x  

[4] Warakaulle, S.T.S.K., Weerathilake, W.A.D.V. and Abeynayake, N.R. (2014) Pro-
duction and Evaluation of Set Type Yoghurt Incorporated with Water Melon (Ci-
trullus lanatus). International Journal of Scientific and Research Publications, 4, 1-4. 

[5] Giraffa, G., Paris, A., Valcavi, L., Gatti, M. and Neviani, E. (2001) Genotypic and 
Phenotypic Heterogeneity of Streptococcus thermophilus Strains Isolated from 
Dairy Products. Journal of Applied Microbiology, 91, 937-943. 

https://doi.org/10.4236/aim.2018.812068
https://doi.org/10.3923/biotech.2007.14.21
https://doi.org/10.1111/j.1365-2672.2007.03294.x


K. E. M. El Kahlout et al. 
 

 

DOI: 10.4236/aim.2018.812068 1018 Advances in Microbiology 
 

https://doi.org/10.1046/j.1365-2672.2001.01464.x  

[6] Amanze, K.O. and Amanze, J.O. (2011) Quality Evaluation of Yoghurt from Cow 
Milk, Soy Milk and Cow: Soy Milk. Journal of Research in National Development, 9, 
44-47. 

[7] Rossetti, L. and Giraffa, G. (2005) Rapid Identification of Dairy Lactic Acid Bacteria 
by M13-Generated, RAPD-PCR Fingerprint Databases. Journal of Microbiological 
Methods, 63, 135-144. https://doi.org/10.1016/j.mimet.2005.03.001  

[8] Collado, M.C. and Hernández, M. (2007) Identification and Differentiation of Lac-
tobacillus, Streptococcus and Bifidobacterium Species in Fermented Milk Products 
with Bifidobacteria. Microbiological Research, 162, 86-92. 
https://doi.org/10.1016/j.micres.2006.09.007  

[9] Mathara, J.M., Schillinger, U., Kutima, P.M., Mbuguna, S.K. and Holzapfel, W.H. 
(2004) Isolation, Identification and Characterization of the Dominant Microorgan-
isms of Kulenaoto: The Maasai Traditional Fermented Milk in Kenya. International 
Journal of Food Microbiology, 94, 269-278.  
https://doi.org/10.1016/j.ijfoodmicro.2004.01.008 

[10] Bettache, G., Fatma, A., Miloud, H. and Mebrouk, K. (2012) Isolation and Identifi-
cation of Lactic Acid Bacteria from Dhan, a Traditional Butter and Their Major 
Technological Traits. World Applied Sciences Journal, 17, 480-488.  

[11] Tanigawa, K. and Watanabe, K. (2011) Multilocus Sequence Typing Reveals a Novel 
Subspeciation of Lactobacillus delbrueckii. Microbiology, 157, 727-738. 
https://doi.org/10.1099/mic.0.043240-0  

[12] Corsetti, A., Lavermicocca, P., Morea, M., Baruzzi, F., Tosti, N. and Gobbetti, M. 
(2001) Phenotypic and Molecular Identification and Clustering of Lactic Acid Bac-
teria and Yeasts from Wheat (Species Triticum durum and Triticum aestivum) 
Sourdoughs of Southern Italy. International Journal of Food Microbiology, 64, 
95-104. https://doi.org/10.1016/S0168-1605(00)00447-5  

[13] Delley, M. and Germond, J.E. (2002) Differentiation of Lactobacillus helveticus, 
Lactobacillus delbrueckii subsp bulgaricus, subsp lactis and subsp delbrueckii Using 
Physological and Genetic Tools and Reclassification of Some Strains from the 
ATCC Collection. Systematic and Applied Microbiology, 25, 228-231. 
https://doi.org/10.1078/0723-2020-00106  

[14] Markiewicz, L. and Biedrzycka, E. (2008) Identification of Lactobacillus and Bifido-
bacterium Species with PCR Applied to Quality Control of 256 L.H. Markiewicz et 
al. Fermented Dairy Beverages. Polish Journal of Food and Nutrition Sciences, 14, 
359-365. 

[15] Fguiri, I., Ziadi, M., Atigui, M., Arroum, S. and Khorchani, T. (2015) Biochemical 
and Molecular Identification of Lactic Acid Bacteria Isolated from Camel Milk in 
Tunisia. Emirates Journal of Food and Agriculture, 27, 716-720. 
https://doi.org/10.9755/ejfa.2015.04.114 

[16] Zmr, H., Bam, E., Mni, M., Nf, T. and Amm, M. (2016) Molecular Identification of 
Lactic Acid Bacteria Isolated from Fermented Dairy Product. IJBPAS, 5, 3221-3230. 

[17] Aswal, P., Shukla, A. and Priyadarshi, S. (2012) Yoghurt: Preparation, Characteris-
tics and Recent Advancements. Cibtech Journal of Bio-Protocols, 1, 32-44. 

[18] Yerlikaya, O. (2014) Starter Cultures Used in Probiotic Dairy Product Preparation 
and Popular Probiotic Dairy Drinks. Food Science and Technology, 34, 221-229.  
https://doi.org/10.1590/fst.2014.0050 

[19] Tamime, A.Y. (2003) Fermented Milks: A Historical Food with Modern Applica-

https://doi.org/10.4236/aim.2018.812068
https://doi.org/10.1046/j.1365-2672.2001.01464.x
https://doi.org/10.1016/j.mimet.2005.03.001
https://doi.org/10.1016/j.micres.2006.09.007
https://doi.org/10.1016/j.ijfoodmicro.2004.01.008
https://doi.org/10.1099/mic.0.043240-0
https://doi.org/10.1016/S0168-1605(00)00447-5
https://doi.org/10.1078/0723-2020-00106
https://doi.org/10.9755/ejfa.2015.04.114
https://doi.org/10.1590/fst.2014.0050


K. E. M. El Kahlout et al. 
 

 

DOI: 10.4236/aim.2018.812068 1019 Advances in Microbiology 
 

tions—A Review. European Journal of Clinical Nutrition, 56, S2.  
https://doi.org/10.1038/sj.ejcn.1601657 

[20] Karenzi, E., Mashaku, A., Nshimiyimana, A.M., Munyanganizi, B.T. and Thonart, 
P. (2013) Kivuguto Traditional Fermented Milk and the Dairy Industry in Rwanda. 
A Review. Biotechnology, Agronomy, Society and Environment, 17, 383-391. 

[21] Arslan, S. and Bayrakci, S. (2016) Physicochemical, Functional, and Sensory Prop-
erties of Yogurts Containing Persimmon. Turkish Journal of Agriculture and Fore-
stry, 40, 68-74. https://doi.org/10.3906/tar-1406-150 

[22] Montet, D., Ray, R.C. and Zakhia-Rozis, N. (2014) Lactic Acid Fermentation of 
Vegetables and Fruits. Microorganisms and Fermentation of Traditional Foods, 
108-140. 

[23] Ouattara, D.H., Ouattara, H.G., Goualie, B.G., Kouame, L.M. and Niamke, S.L. 
(2014) Biochemical and Functional Properties of Lactic Acid Bacteria Isolated from 
Ivorian Cocoa Fermenting Beans. Journal of Applied Biosciences, 77, 6489-6499.  
https://doi.org/10.4314/jab.v77i1.9 

[24] Mokoena, M.P. (2017) Lactic Acid Bacteria and Their Bacteriocins: Classification, 
Biosynthesis and Applications against Uropathogens: A Mini-Review. Molecules, 
22, 1255. https://doi.org/10.3390/molecules22081255 

[25] Verluyten, J., Messens, W. and De Vuyst, L. (2004) Sodium Chloride Reduces Pro-
duction of Curvacin A, a Bacteriocin Produced by Lactobacillus curvatus Strain 
LTH 1174, Originating from Fermented Sausage. Applied and Environmental Mi-
crobiology, 70, 2271-2278. https://doi.org/10.1128/AEM.70.4.2271-2278.2004 

[26] Mohamud, A.S.M., Mobarak Chowdhury, R.K., Islam, S., Rahman, M.S., Halder, 
M., Alam, K., Islam, F., et al. (2014) Prevalence and In-Vitro Evaluation of Probiotic 
Properties of Lactobacillus delbrueckii and Lactobacillus plantarum Isolated from 
Yoghurt in Chittagong Division, Bangladesh. Journal of Pure and Applied Microbi-
ology, 8, 1-11. 

[27] Todorov, S.D., Stojanovski, S., Iliev, I., Moncheva, P., Nero, L.A. and Ivanova, I.V. 
(2017) Technology and Safety Assessment for Lactic Acid Bacteria Isolated from 
Traditional Bulgarian Fermented Meat Product “Lukanka”. Brazilian Journal of 
Microbiology, 48, 576-586. https://doi.org/10.1016/j.bjm.2017.02.005 

[28] Grosu-Tudor, S.S. and Zamfir, M. (2011) Isolation and Characterization of Lactic 
Acid Bacteria from Romanian Fermented Vegetables. Romanian Biotechnological 
Letters, 16, 148-154. 

[29] Reginensi, S.M., González, M.J. and Bermúdez, J. (2013) Phenotypic and Genotypic 
Characterization of Lactic Acid Bacteria Isolated from Cow, Ewe and Goat Dairy 
Artisanal Farmhouses. Brazilian Journal of Microbiology, 44, 427-430.  
https://doi.org/10.1590/S1517-83822013000200013 

[30] Miyashita, M., Yukphan, P., Chaipitakchonlatarn, W., Malimas, T., Sugimoto, M., 
Yoshino, M., Tanticharoen, M., et al. (2012) 16S rRNA Gene Sequence Analysis of 
Lactic Acid Bacteria Isolated from Fermented Foods in Thailand. Microbiology and 
Culture Collections, 28, 1-9. 

 
 
 
  

https://doi.org/10.4236/aim.2018.812068
https://doi.org/10.1038/sj.ejcn.1601657
https://doi.org/10.3906/tar-1406-150
https://doi.org/10.4314/jab.v77i1.9
https://doi.org/10.3390/molecules22081255
https://doi.org/10.1128/AEM.70.4.2271-2278.2004
https://doi.org/10.1016/j.bjm.2017.02.005
https://doi.org/10.1590/S1517-83822013000200013


K. E. M. El Kahlout et al. 
 

 

DOI: 10.4236/aim.2018.812068 1020 Advances in Microbiology 
 

Abbreviations 

LAB: Lactic Acid Bacteria, TAE: Tris Acetate EDTA, Cfu: Colony for unit, LA: 
lactic acid, NaOH: sodium hydroxide, MRS: de-man, Rogosa and sharpe me-
dium, NaCl: sodium chloride, CHL assays: Carbohydrate fermentation kit, PCR: 
polymerase chain reaction, ARDRA: Amplified Ribosomal DNA Restriction 
Analysis, Eco RI, rRNA: ribiosomal ribonucleic acid, EPS: Exopolysaccaride. 
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