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Abstract

The use of microencapsulated probiotic bacteria, by maintaining the survival of probiotic bacteria
during the production and storage process, produces high quality and long-lasting products.
Lentinula edodes polysaccharide is a prebiotic that causes the growth and better performance of
probiotics and helps to preserve the product for a long time. For this purpose, 20 samples were
prepared from the wastewater of dairy factories around Tehran and 10 bacterial isolates and 10
yeast isolates were isolated from the samples based on biochemical, macroscopic and microscopic
tests. Heat tolerance test, acid tolerance and resistance to bile salts and antibiogram were
performed to measure the probiotic properties. The polysaccharides of Lentinula edodes were then
extracted using a diethylaminoethyl Sephadex-25A ion exchange chromatography column and the
amount of polysaccharide was determined using the phenol-sulphuric acid method. Fourier
spectroscopy was used to detect biochemical compounds. Superior probiotic isolates were
identified by PCR. The microencapsulation effect of superior isolates was investigated using
sodium alginate and lentinula edodes polysaccharides on orange juice, apple juice and kombucha
drink. Kluyveromyces lactis strain CBS 683 and Lactobacillus brevis strain 123-20 were identified
and encapsulated with relative probiotic properties, growing more than in the free state. The shelf
life and sensory characteristics of drinks containing bacteria and yeast encapsulated with sodium
alginate and polysaccharide were also improved compared to the control group, and during 60
days of storage at 4°C, the bacteria and yeast survived and maintained their performance. The best
protection was provided by encapsulated Lactobacillus brevis strain 123-20 in orange juice and
apple juice. The use of native strains encapsulated with biocompatible compounds preserves the
sensory characteristics of food, prevents food spoilage during storage by producing postbiotics and
improves the function of the digestive system.
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Introduction

Some microbes isolated from food sources, especially from fermented foods such as dairy
products, pickles, etc., have probiotic properties, and, after laboratory testing, can be used in
the food industry as probiotic food-pharmaceutical supplements. Encapsulation can be used to
maintain function and quantity in various foods, especially beverages, fruit juices and soft
drinks. Compounds from animal sources, such as chitosan, or plant sources, such as inulin and
starch are among the most important of these, but because they are derived from food or
animal sources, they pose a threat to human food security in the future. Researchers are
therefore proposing the use of biopolymers isolated from algae, such as alginate, or
mycobiopolymers isolated from fungi, such as lentinan. The fact that these polymers are
produced from fungal or algal sources, and that they are cheap, available, quick and easy to
cultivate and easy to extract, not only ensures human food security, but also that these
compounds have no toxic effects and can be considered as prebiotic food supplements. By
using microencapsulated probiotic microbes, it helps to maintain the number and survival of
probiotic bacteria and yeasts during the production and storage process, producing high quality
and long-lasting products. Lentinula edodes polysaccharide is a prebiotic that promotes the
growth and performance of probiotics and helps to preserve the product for longer. This
polysaccharide also helps to improve human health by improving the function of immune
cells.

Materials and methods

Based on Cochran's formula, 20 samples were prepared from the effluents of dairy factories
around Tehran. Bacterial colonies were then isolated and purified using nutrient agar and MRS
agar media. Sabouraud Dextrose Agar (SDA), Potato Dextrose Agar (PDA) and chrome agar
Candida media were also used to isolate and purify yeasts and yeast-like organisms. Several
passages were made to obtain a single colony. Then, based on biochemical, macroscopic and
microscopic tests, 10 bacterial isolates and 10 yeast isolates were isolated and identified. Heat
tolerance, acid tolerance, bile salt resistance and antibiotic sensitivity were tested using the
antibiogram method to measure probiotic properties. The superior strains were identified by
PCR method and then a phylogenetic tree was constructed using Mega 7 software. In the next
step, the mycelium of Lentinula edodes mushroom was obtained from Iran Zemin Company
and to prepare the mushroom culture bank, it was cultured on PDA and PDB medium and for
14 days at a temperature of 25 °C in a shaker incubator at a speed of 110 revolutions. Heat was
transferred per minute. The biomass was then lyophilized. Lentinula edodes polysaccharides
were extracted using a diethylaminoethyl-Sephadex-25A ion-exchange chromatography
column and the amount of polysaccharide was determined by the phenol-sulphuric method.
Fourier spectroscopy was used to detect biochemical compounds. The superior strains were
finely coated with sodium alginate and /lentinula edodes polysaccharides and the effect on
orange juice, apple juice and kombucha drink was investigated.

Results

Based on the probiotic identification, two superior strains were isolated. Sequence blast results
in the NCBI database and phylogenetic tree showed that the best bacterial strain with 94.03%
similarity percentage was Lactobacillus brevis strain 123-20 and the best yeast strain with 97%
similarity percentage was Kluyveromyces lactis strain 683CBS. The superior microcoated
strains were fully grown after 48 hours of incubation, with a higher growth ratio compared to
the non-microcoated strain. The shelf life and sensory characteristics of drinks containing
bacteria and yeast encapsulated with sodium alginate and polysaccharide were also improved
compared to the control group, and during 60 days of storage at 4°C, the bacteria and yeast
survived and maintained their performance. The microencapsulated form of Lactobacillus
brevis strain 123-20 provided the best protection in orange juice and apple juice. In industrial
juices and kombucha drinks, the acidity decreased resulting in a more acidic taste and a
reduction in product quality and sensory characteristics. The number of dissolved solids in
industrial and natural juices microcoated with bacteria increased at the end of the storage
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period compared to juices with only bacteria and yeast added, resulting in an increase in Brix.
The number of soluble solids in industrial and natural juices microcoated with yeast at the end
of the storage period also led to an increase in Brix in industrial orange and apple juices. The
number of soluble solids in kombucha drink microencapsulated with bacteria and yeast
decreased significantly at the end of the Brix storage period. The reason for the increase in
soluble solids in the drink may be the presence of sugar compounds produced by these
probiotics.

Conclusion and discussion

Considering the embargo conditions and the high cost of the strains produced abroad and
considering that the local strains are available and cheaper, on the one hand, they are
compatible with the geographical conditions of the country and their effectiveness in the long
term. It is better to isolate, industrialize and commercialise indigenous strains from domestic
sources. These strains can be isolated from specific geographical areas or from human or
animal bodies or fermented foods. Lentinula edodes is one of the edible medicinal mushrooms
that have been consumed orally for many years and whose medicinal properties have been
recognized. As the polysaccharides of these mushrooms are not toxic, they can be used as
dietary and medicinal supplements. Therefore, the use of native strains coated with
biocompatible compounds preserves the sensory characteristics of the food and ,by
maintaining the function of the probiotics, leads to the production of postbiotics such as a
variety of enzymes, vitamins and antimicrobial compounds, which not only prevent food
spoilage during storage, but also help to improve the function of the digestive system and
human health .
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bacteria capsule with x40 magnification

—_ 24 —_ 2.4
g 22 = 2.2
£ 2 c 2
w 1.8 o 1.8
™~ 1.6 ™ 1.6
L 14 2 1.4
a9 1.% o 1.2
£ c 1
m 0.8 @ 0.8
a 0.6 o 0.6
g 04 b 0.4
o 0.2 o 0.2
17 0 w 0
o o
< 0 4 8 12 16 20 24 48 < 0 4 8 12 16 20 24 48
Time(h) Time (h)
| ] emfe] 3. capsule
=mge=standard ==g==standard.capsule

. 2 . 1.5
E E
[ [
~d 1 ~d
2 2
8 os g 0°
: :
4 0 4 0
o 0 4 8 12 16 20 24 48 o 0 4 8 12 16 20 24 48
x- x-
< Time (h) < Time(h)

e (5 = C6.Capsule == Standard === standard.capsule

W3 b il 5o ¥ COlles 53 Slag 55 (b)) COK Lasee ¥V Cgles ;s (WL L3k (¢ ST 45,.;5.\.2,&\}3:)‘:)».}&)){3“}&
5yl

Figure 9. Examining the graph of the growth rate of bacteria sample L3k (top) at 37°C and yeast C6k (bottom)
microencapsulated at 30°C in comparison with the standard sample

10.22108/bjm.2024.141002.1590




V¥ il (Shemn Lo yaen / ot gty SLid SDlomilst 1S ly Sl oldlilor oy Soo Sli g3y 5 plolid o jlultr

S s balis bl oyl L Oela s,laskal 39 J,....;r 9 célﬁ'f'é‘\g @ﬁb EWp) al’ld
3 Il diges b 4w o

Oljer (Caml 0 osls Ol 4 S5 53 &S sbOles

-b)‘b‘_sjw‘aﬂ-k&)duﬁﬂ)

s S G ede 5 G SL bl L,

—_ 2.2
E E 2 L
= c 1.8
R | w 1.6 1.5
1 ~ 1.4
L 12
o L
S 0.5 9 1 1
= 0.8
] = o
=1 m 0.6 0.5 =
5} [v] = 04 -
=] 2 o2
> o 4 8 12 48 E o0 ]
< Time < 0 2 4 6 810122448 0 2 4 6 810122448
P Time (h) 200° —e=—pHL15  =—g==pH2
e CONtrol e Bilie H3 Hs
37C° ——a2c" p -—r
1.2 2.5
E = L3
c 1 s 2
4] un
3 o 1.5
< 08 S 1s
o 0.6 []
= o 1
E 04 g !
7] = o
5 02 @ 0.5 0.5 i
3 g
= ’ o 4 g 12 48 -& ? o
0 246 810122448 0 2 4 6 8 10122448
Time Time (h)
—— 2 5C" g 30" g pH 1.5 —ge— nH2
e CONTrol  e—=Bijlie 37C° — ] 2C° pH3 e pH 5

(5mW) L3 alie b ol 55 (YU) (5L s it Lo g 505 45 505 (651 phem K5 5 ol om g ol @y Cnslie 133050 ¢ S
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Figure 14. Changes in pH of different treatments in different juices during 60 days of storage at 4°C
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Figure 15. Changes in soluble solids of different treatments in different juices during 60 days of storage at 4°C
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Figure 16. Sensory evaluation of the aroma treatment of natural and industrial juices during 60 days of storage at 4
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Figure 18. Sensory evaluation of industrial and natural juice treatment texture during 60 days of storage at 4 degrees
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