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Abstract

Increasing population is posing a challenge for exploring alternative probiotics enriched food
products which not only compensate nutritional demand but also boost up immune system.
So, the world is shifting towards non-bovine milk sources which are healthy, nutritious and a
good and cheap source of probiotics. In this series, Donkey milk is gaining worldwide
attention and consumption acceptance. Donkey milk therapeutic properties are explored since
ancient times but the microbial profile is less studied. So, in this study the beneficial bacterial
diversity of donkey milk is explored from south-western region of Haryana. Among 12
species Lactobacillus and Enterococcus species were most abundant while other species like
Lactococcus etc. were less reported. The probiotic potential screening results clearly indicate
that these species are good source for fermented food production.

Keywords; Probiotics, Bacteria, Donkey Milk, Biochemical test.
1. Introduction

To ensure every child survives and thrives to reach their full potential, we must focus on
improving care around the time of birth and later on feeding habits. For infants, mother’s
milk is only best and complete food for child but problems like not enough breast milk, breast
engorgement, no proper latching etc. are posing a challenge to find out invaluable alternate of
breast milk. Since ancient times, many tribal communities and local people administer
donkey milk (DM) to a new born baby because they believed that DM promote brain
development, improve voice and also an effective remedy for liver problems, cough, appetite
loss etc. [1&2]. As donkey milk profile shows very much resemblance with the human breast
and exhibit potent anti-inflammatory, anti-allergic, anti-oxidative, antimicrobial and anti-
proliferative properties. Along with these nutritional components DM, also possess a good
probiotics composition with high anti-bacterial, anti-oxidative and immuno-modulatory
properties [3&4]. Although many strain species functional properties of probiotics are
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explored but there is always need for exploring more good strains with higher efficiency.
Like, Rastogi et al first time isolated Lactobacillus mucosae SRV5 and Lactobacillus
mucosae SRV10 from donkey milk with high antioxidative, antimicrobial, auto-aggregation
properties. Previously these species are only isolated from pig small intestine, goat and sheep
milk and human ileal region [5].

Chandigarh

Yamunanagar

South-western
Haryana

Donkevy mmlk Mahendragarh
sample collection sites

Fig. 1 The highlighted area of Donkey milk sample collection sites of South-Western
Haryana.

So, in present study, we have identified and isolated potential probiotics from donkey milk
collected from local areas and farms of southern Haryana of India as shown in fig.1 where
donkey’s population is more and used as cart or pack animals as per owner need of the owner
for various agricultural and miscellaneous operations [6 &7].

2. Material and methods
Sample collection and isolation of lactic acid bacteria (LAB)

Fourteen samples of raw donkey's milk were obtained from apparently healthy donkeys
owned by nomads from different districts and villages of south-western Haryana i.e. Hisar,
Bhiwani, Fatehabad, Jattu Luhari, Budaak, Balsamand and Mehandergarh. The milk samples
were obtained directly from the udder. The udder was washed with distilled water before
collection and dried with single-service towels. The initial three streams of milk were
discarded. Samples were then gathered directly into sterile tubes, stored in an icebox and
transferred to the lab within 24 hours.
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Enumeration and identification of LAB

Previous standard protocol was used to increase bacterial colonies i.e. DM samples were
stored at 20 °C for 24 h then used for culture [8]. Selective culture of donkey milk probiotics
was done on MRS agar and M17 agar. The total no. of bacterial viable counts at optimum
value of milk was standardized by preparing dilutions with milk samples were prepared by
serial dilution (85:15v/v) in saline solution and peptone as [9] protocol. One milliliter of these
dilutions was pour-plated in LBS agar and de Man Rogosa (MRS) agar. After incubation at
37°C for 48 hours under anaerobic condition individual different colonies were
phenotypically selected. Colony enumeration was conducted after incubation and was
recorded as CFU per litre of milk.

All isolates were microscopically investigated for cellular arrangement, Gram staining and
cell morphology. Only Gram-positive and catalase-negative isolates were identified by tests
like catalase test, starch hydrolysis, lipid hydrolysis, gelatine hydrolysis, Carbohydrate
Fermentation [10 &11], motility test, H,S test, Methyl Red Test, test Voges Proskauer and
citrate test etc. as per Bergey's Manual of Systematic Bacteriology Volume 3 [12 &13].

Screening for Probiotic potential of isolated LAB

The ability of probiotic bacteria was screened by performing tests like low pH tolerance test
by regulating the pH (2.0) of the medium to and bile salt tolerance (0.3%) test by modifying
protocol [14]. Growth of isolates was observed by viable counts by plating 100 pLof
experiment culture on MRS agar plates. All the experiments were technically performed
independently in triplicates. After calculating log cfu/mL, survivability was counted as

% survivability = (viable log count at time t/viable log count at t = 0) x 100
Results and discussion

Among all microbial colonies 13 different LAB colonies were isolated with glossy white and
creamy small/ medium sized morphology which were further confirmed by biochemical tests
with Bergey’s manual. The isolated colonies were Lactococcus lactis, L. lactis subsp. Lactis,
Enterococcus faceium, Enterococcus faecalis, Enterococcus lactis, Lactobacillus paracasei,
Lactobacillus curvatus, Lysinibacillus fusiformis, Lysinibacillus sphaericus, Leuconostoc
mesenteroides, Leuconostoc cremoris, & Pediococcus cellicola etc. potential probiotics
shows showed negative results for Oxidase test, Citrate test, Catalase test, Motility test and
Methyl red test [15] and in our study all strains showed similar results. Some differential
growth patterns of strains were also observed as Lactobacillus strains and Lysinibacillus
strains were rod shaped gram positive having luxuriant growth only at 37°C no growth at low
temperature while the Lactococcus and Enterococcus strains were cocci shaped gram positive
shows a characteristic growth at low temperature i.e. at 10°C also. Only Enterococcus strains
showed growth at higher NaCl concentration i.e. 8% other strains showed no growth at this
concentration as shown in table no.1 [15].
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Table: 1 Phenotypic and biochemical characteristics of LAB isolates of DM

Characteristics Lactococcus | Lactobacillus | Leuconostoc | Enterococcus | Lysinibacillus
strains (2) | strains(3) Strains(2) Strains(3) Strains(2)

Cellular Coccus Rod like Coccus Coccus Rod like

morphology

Gram staining (+) (+) (+) (+) (+)

Oxidase test ) () () ) ()

Citrate test ) () () () ()

Catalase test ) () () ) ()

Motility test () () () () ()

Methyl red test ) () ) () ()

Growth at 10°C (+) () ) (+) (+)

Growth at 35°C (+) (+) (+) (+) ()

Growth at 45°C (+) () () () ()

Growth in litmus | Acid Acid Acid and gas | Acid Acid

milk production | production & | production production & | production
& clotting | clotting clotting and clotting

Lipid hydrolysis test | (-) () () () ()

Starch  hydrolysis | (-) ) ) ) )

test

Growth at 2% | (+) (+) (+) (+) (+)

NaCl

Growth at 4% NaCl | (+) (+) (+) (+) (+)

Growth at 6% NaCl | (-) () () () ()

Growth at 8% NaCl | (-) ) ) (+) ()

Voges  Proskauer | (-) ) () (+) ()

test

Gelatine hydrolysis | (-) ) ) ) )

test

H2 S test () () () () ()

Indole test ) () () (+) ()

% (+) = positive reaction, (-) = negative reaction

All the bacterial strains were capable of metabolising carbohydrates. The metabolising profile
of isolates as shown in table no.2 only Leuconostoc bacteria fermented all the test sugars
except xylose sugar other bacteria exhibited a differential fermentation rate.

Table: 2 carbohydrate fermentation ability of isolated bacterial strains.

Carbohydrates Lactococcus | Lactobacillus | Leuconostoc | Enterococcus | Lysinibacillus
strains (2) | strains(3) Strains (2) | Strains(3) Strains(2)
A) Arabinose (H)(+) (+) (+) (+) ()
B) Mannose (+) (1)) (+) () (+)
C) Xylose )e) ND ) ND )
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D) Raffinose ND ND (+) ND ND
E) Trehalose (+) (H)(+) (+) () ()
F) Maltose (+) (+) (+) (H () (+)
G) Galactose ND ND (+)(+) () (+)
H) Cellibiose (+) () () (+) (+)
I) Meiobiose ND () (+) @) ()
J) Surcrose (+) (+) (+) () ()
K) Glucose (+) (+) (+) (+) ()

(+) = positive reaction, (+)(+) = strong positive reaction, (-) = negative reaction & ND=
not determined

The physiological conditions of human gastrointestinal tract (Gl tract) vary with age &
gender and normally stomach pH is 1.5-2.5 while bile concentration lies in the range of 0.3—-
0.5%. During probiotic strain selection strains must have ability to withstand against harsh
conditions i.e. high bile concentration and low pH (mimicking GI tract conditions) [15] so
that bacteria can survive in host system and exert beneficial effects.
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Fig. 2 % Survivability rate of probiotic strains of DM at low pH and bile salt

concentration.

All the isolated strains showed good survivability at low pH and bile concentration as shown
in fig.2. Among all strains Lactobacillus paracasei showed highest survivability [16 & 17]
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against acidic conditions while Enterococcus faecalis exhibited highest withstanding
capability against bile concentration.

Conclusion

In our study, isolation of ample of microbes was done but only 12 bacterial colonies showed
probiotic properties. It was found that among isolated probiotics Lactobacillus and
Enterococcus species were more abundant than Lactococcus and Lysinibacillus species. All
isolates exhibited good survival ability rate against low pH and bile salt concentration but
Lactobacillus paracasei and Enterococcus faecalis were the most resistant to these harsh
conditions. Hence, these two species are the strong probiotic candidates obtained from
donkey milk also confirmed by literature. In future, DM probiotics will be the most
interesting research area and a novel source for fermented food products with highly efficient
probiotics.
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