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Introduction from fruits and vegetables have been frequently reported

Fruits and vegetables acts as a vital source of nutrients to
human beings as they provide necessary vitamins, fats,
minerals, and oil in the right proportion for human
growth and development. Generally, the kind and
number of different fruit associated microorganisms
varied with nutritional and physical parameters of the
fruit. The mulberry fruits are edible and have been
widely used in medicinal syrups, jam, marmalade, frozen
desserts, juice, paste, ice cream, wine, distillates, natural
food colorant and liquor (Singhal et al., 2003). Isolation
of microorganism including lactic acid bacteria (LAB)
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(Bae et al., 2006) however, studies on ripened mulberries
associated microorganisms remains scarce. The lactic
acid bacteria (LAB) present on the fruit surface depicts a
positive role in the fermentation process. The isolation
and screening of microorganism from natural raw
material has always been the most powerful means for
obtaining useful and stable strains for industrial
production of important products.

Lactic acid bacteria (LAB) play an essential role in food
preservation and contribute to the nutritional, sensory,
and health-promoting properties of various food
products. They are involved in the formation of yoghurt,
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cheese, pickles, whey, soybean sauce, fermented
soybean, and silage (de Vos and Hugenholtz, 2004).
LAB produce lactic acid, which protects fermented food
products from microbial spoilage.

Several commercial strains, such as Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus
brevis, and Leuconostoc mesenteroides, are widely used
individually or in combination. Mulberry fruits, rich in
sugars and functional compounds, are suitable for lactic
fermentation.

For instance, Zheng et al, (2014) reported that
fermenting mulberry with Leuconostoc mesenteroides
enhances its probiotic value while reducing sugar
content. Lee and Hang (2010) developed functional
yoghurts using mulberries and multiple lactic strains.
Karaca et al, (2011) reported high sensory scores for
yoghurts produced with mulberry addition.

Despite these studies, reports on LAB diversity in
mulberry fruits remain limited. Hence, this study aimed
to isolate, purify, and phenotypically characterize LAB
from mulberry fruits.

Materials and Methods
Sample Collection

Fruits of four popular mulberry cultivars (V1, S13, MR2,
and S36) were harvested during the fruit-bearing season
(September to November) from various mulberry-
growing districts of Tamil Nadu. Fully ripened fruits
were collected aseptically in sterile zip-lock polythene
bags and stored at 4°C until analysis.

Isolation of Microorganisms and Lactic Acid
Bacteria (LAB)

The native microflora including bacteria, fungi, yeast,
and LAB was enumerated using the plate count method
(Hoben and Somasegaran, 1982). 10 grams of each fruit
sample was homogenized using a sterile pestle and
mortar in 100 ml of sterile distilled water. Serial dilutions
up to 10* were prepared in sterile test tubes, and 1 ml of
each dilution was plated onto appropriate media.

For total bacteria, fungi, and yeast, nutrient agar, potato
dextrose agar (PDA), and yeast extract peptone dextrose
agar (YEPD) were used, respectively. The plates were
incubated at room temperature (28 £2°C) and colony-

forming units (cfu) were recorded as log cfu g of wet
fruit weight.

For LAB isolation, serial dilutions were plated on de
Man, Rogosa, and Sharpe (MRS) agar and incubated at
37°C for 24-48 hours (Kamble and Pathade, 2010).
Morphologically distinct colonies were selected and
purified by repeated streaking on MRS agar. Pure
cultures were maintained on MRS slants at 4°C for
further characterization.

Phenotypic Characterization of LAB

The purified LAB isolates were subjected to phenotypic
characterization. Colony morphology including shape,
size, color, elevation, and margin was documented. Gram
staining and catalase tests (using 3% hydrogen peroxide)
were performed. Cell morphology was examined under a
microscope (Harrigan, 1998).

Results and Discussion

Isolation of Microorganisms from Mulberry
Fruits

Fruits and vegetables are naturally associated with a wide
range of microorganisms, including bacteria, parasites,
protozoans, and viruses (Beuchart et al., 1998). The
microbial count for different cultivars of mulberry fruits
is presented in Table 1.

The bacterial population ranged from 6.09 to 7.29 log cfu
g ', fungal counts from 2.65 to 2.87 log cfu g, and yeast
colonies between 3.12 to 3.35 log cfu g' (Plate 1).
Similar studies have reported microbial loads ranging
between 10° to 10° cfu g' (Zagory, 1999).

The diversity and abundance of fruit-associated
microorganisms generally vary depending on nutritional
and physical attributes of the fruit. In tomato, for
instance, bacterial populations ranged between 1.9 x 10°¢
to 5.0 x 10°, mould counts were approximately 5.0 x 10%,
and total yeast counts were around 3.5 x 103 cfu g!
(Mbajiuka et al, 2014). Similarly, fungal counts in
tomatoes ranged between 1.3 x 10% and 2.0 x 10° cfu g*
(Samuel and Orji, 2015).

Isolation and Purification of LAB

Lactic acid bacteria (LAB) were isolated from mulberry
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fruits are exhibited in Plate 2. The mean population of
lactic acid bacteria counts ranging from 4.72 to 6.87 log
cfu g! (Table 1).

LAB is commonly dominant in fermented food products
due to their lactic acid and bacteriocin production, which
inhibit spoilage organisms (Askari et al., 2012).

Previous studies have reported LAB counts of 1.48 to
3.77 log cfu ml™ in watermelon (Chen et al., 2016) and
5.74 to 16.68 x 10° cfu g! in kokum fruits (Dushyantha
et al, 2010), which are consistent with the values
observed in this study.

Phenotypic Characterization

Four morphologically distinct LAB colonies were
identified from the mulberry fruits (Table 2). All isolates
were Gram-positive and catalase-negative (not shown).
Most isolates were rod-shaped, while 20% were cocci
arranged in chains (Plate 4). The dominant phenotype
was round, creamy, raised with an entire margin (Plate 3)
comprising 54.42% of the total LAB isolates. The highest
LAB diversity was observed in fruits of the MR2 cultivar
collected from the Palladam region.

Table.1 Microbial population of mulberry fruits collected from different locations

Cultivars Population (log cfu.g” wet weight of mulberry fruit)
Location Bacteria Fungi Yeast Lactic acid bacteria
Coimbatore 6.23 £1.08 2.65 £0.13 3.22+0.50 5.63 £2.61
Vi Salem 7.29+0.88 2.80 £0.47 3.27+0.40 5.90+0.58
Avinashi 6.26+0.12 2.71 £0.23 3.20 £1.03 6.65+4.23
S13 Erikodi 6.28 =089 2.79 £0.30 3.12£3.18 4.72 £1.65
Dharmapuri 7.26 £1.53 2.74 £0.03 3.27 £0.84 5.82 £2.83
MR2 Palladam 6.09 £0.26 2.87 £0.67 3.124+0.83 6.87 £0.80
Udumalpet 6.20+1.17 2.71+0.23 3.35+0.95 5.74 £3.72
S36 Coimbatore 7.26 £0.15 2.74 £0.03 3.21 £0.85 4.89 £5.45
Mean 6.62 2.75 3.22 5.72
SEd 0.79 0.26 0.71 2.86
CD(p=0.05) 1.66 0.55 1.50 6.01

Data mean =+ Standard deviation

Table.2 Morphological and Microscopic Characteristics of Lactic Acid Bacteria Isolated from Mulberry

Fruits
S. No Colony characteristics Cell morphology Gram reaction Percent
occurrence

1. Round, creamy, raised and entire Rod, more than 3 cells in i 54.42
chain

2. Round, medium sized, white, raised Circular, Diplococci +* 18.72

and entire

3. Irregular, raised, creamy, opaque, Rod, more than 3 cells in + 20.05
raised chain

4. Round, small, white, raised, opaque Rod, more than 3 cells in +* 6.80
and entire chain
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Plate.1 Microflora of mulberry fruits
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Plate.2 Population of lactic acid bacteria in mulberry fruits
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Plate.3 Dominant Colony Morphology of Lactic Acid Bacteria Isolated from Mulberry fruits

Plate.4 Microscopic Morphology of Native LAB Isolates (40x)
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The most abundant species identified was Weissella
cibaria, followed by Lactobacillus plantarum, which
corresponds with findings by Di Cagno et al, (2009),
who reported these species as frequently occurring in
plant environments.

This study revealed that mulberry (Morus spp.) fruits
harbor diverse natural microflora, including significant
populations of lactic acid bacteria (LAB). Four
morphologically distinct LAB isolates were identified,
with Weissella cibaria and Lactobacillus plantarum
being predominant. These results suggest that mulberry
fruits are a natural source of beneficial LAB with
potential use in probiotics and food fermentation.
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