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Abstract

This research was conducted to produce beverages with health benefits from permeate as a by-product fortified with extracts
of grains such as black rice, oats and barley at different concentrations and fermented with Lactobacillus casei and
Lactobacillus. helveticus separately and comparing the suitability of these concentrates for production with examining the
physical, chemical, microbiological, sensory and antioxidant properties during the storage period for 3 weeks at 4°C. It was
observed that the level of antioxidants increased with the increase in the concentration of the extracts, and the concentration of
antioxidants was higher in the fermented beverages fortified with black rice. It decreased during the storage period for all
treatments. It was also noted that the counts of L. casei increased in all treatments and during the storage period compared to
the counts of L. helveticus. The results showed that it was possible to produce fermented beverages from cereal extracts with
texture, flavour, colour, and appearance from L. helveticus fermentation that has a high degree of preservation stability.
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1. Introduction
Dairy by-products are characterized by their high

nutritional value, so the tendency was to benefit from
them, both in the food and non-food industries. And
due to the increase in cheese manufacturing, the
production of permeate is increasing, which is
produced in the manufacture of cheese during UF
process of milk [1].

Beverages are among the foods that meet
consumer demands. Therefore, the market has
recently witnessed a boom in the vegetable dairy
products market because of its many health benefits,
especially for people who suffer from health
problems such as diabetes and cardiovascular [2], and
those who have problems with eating dairy products
and suffer from protein sensitivity and lactose
intolerance [3]. The nutritional value of cereal-based
foods can be enhanced by the fermentation of lactic
acid bacteria, such as some strains of Lactobacillus
and Bifidobacterium, which can improve starch

digestibility and increase lysine availability in
children [4].

Recently, interest in probiotic foods has increased
worldwide, and food products fermented with
probiotics, especially cereals and their extracts, are
constantly developing. Because of the large
distribution of cereals and their important nutritional
value, interest has focused on their use in the
development of novel fermented functional foods [5].

Oat (Avena sativa L.) has a high functional
potential due to its composition. Oats are known to be
an excellent source of dietary fiber, antioxidants and
a well balanced protein fraction [5], [6], [7], [8].
They provide more protein, fiber, calcium, iron, zinc
and essential amino acids than other whole grain
crops [7], [8],[9], [10]. Oats are known to be unique
among cereals as they are therapeutically active
against  diabetes, dyslipidemia, hypertension,
inflammatory state and vascular injury [9], [10], [11].
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Rice is one of the most consumed grains in many
peoples, especially East Asian countries, as a rich
source of carbohydrates. Black rice (Oryza sativa L.)
is considered an important crop due to its many
health benefits as it contains a high percentage of
anthocyanins [12] as well as many phenolic
compounds with biological activity [13] This
encouraged its use in the diet of patients with
diabetes, cardiovascular disease and cancer [14].
Thus, the trend has become to develop the use of rice
and its manufacture beverages from it that have
health benefits.

Barley (Hordeum vulgare L.) is one of the most
important grains known from ancient times. Due to
its ability to adapt to different environmental
conditions [15]. Several studies have indicated the
nutritional importance of barley in reducing
glycaemic index and blood cholesterol due to f-
glucans [16]. It has also been used as an alternative to
dairy, which is characterized by not containing
lactose or cholesterol [17].

In this respect, cereals contain many components
that make them achieve the concept of prebiotics.
Which can be used when stimulating L. casei and L.
helveticus and its biological and technological
properties for application in foods, and its ease of
adaptation to being applied to dairy products, to
produce a synbiotic product [18], [19].

Given that the grains are relatively cheap, have
high benefits with high nutritional values, in addition
to the by-product permeate, the research objective
was to produce beverages of functional
characteristics using fermented cereals extracts as
black rice, barley and oats, in order to raise the

nutritional value of these products.

2. Materials and Methods

2.1. Materials

Permeate was obtained from Animal production
research Agricultural Research Center,
Giza. it was a by-product of cheese making buffalo
milk by Ultra-Filtration method. The permeate was
immediately heat treated in a water bath at 85°C for
15 min, then cooled to 4 + 1°C.

Barley (Hordium vulgare L.), Oats (Avena sativa)
and Black rice (Oryza sativa L.) grains were used in
the present study. All grains were obtained from
Agricultural Research Center, Giza, Egypt. These dry
grains were ground using a mill (Moulinex, AR11,

institute,
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made in China). Then, it were packaged and stored in
polyethylene bags at 4°C until use. The chemical
composition of raw material used in preparing
synbiotic beverages are presented in table 1.

Table 1
Chemical composition of raw material used in preparing synbiotic
beverages

Dietary

% Moisture | Protein Fat Carbohydrate fiber Ash

Permeate | 93.96" 0.18° | 0.08° 5.57° - 0.21°

Barley 8.64° 10.30" | 2.16" 74.66" 2.55% | 1.70°

Oat 7.31¢ 8.26° | 4.12° 66.50° 10.14* | 3.67°
Black

rice 6.19° 7.31¢ | 2708 75.50% 2.89% | 5427

+SE 0.167 0.123 | 0.262 0.357 0.074 | 0.004

A, B-D Mean with different letters are statistically different (p<
0.05) for column

Starter cultures (lactobacillus helveticus (LH-B02)
and lactobacillus casei 01) were obtained from Chr.
Hansen A/S Hgrsholm, Denmark. It was activated in
10% (w/v) sterile reconstituted skim milk and
incubated at 40 °C for 18 h.

Stabilizer Carboxymethyl cellulose (CMC), DPPH
(1, 1 diphenyl-2-picrylhydrazyl) were obtained from
Sigma-Aldrich, India., flavour, sugar and, natural
colours (E124, E129 and E133) were purchased from
a local market in Cairo, Egypt.

2.2. Preparation of grains extract

Barley extract: Barley milk was extracted
according to the method of [20]. Where the barley
was soaked in water in a ratio (2: 3 w/v) for 12 hours.
Then add water to the soaked barley and mix it for a
minute in the blender. Then followed by filtering the
resulting barley milk to separate the barley grains
from the resulting milk. The barley milk was kept at
4°C until use and analysis.

Oat extract: Oat milk was produced according to
[21] method, with some modifications. Soak 100 gm
of oats in enough water for 20 minutes. Then add 300
ml of water to the soaked oats and mix well until the
liquid is homogeneous to preserve the B-glucan. Then
filter the resulting milk and preserve it until use and
analysis.

Black rice extract: The rice milk was prepared
according to the method of [13], where the rice was
soaked in water at room temperature for two hours at
a ratio of 1:5 v/v. Then it was filtered after grinding
using a blender. After that, it sterilization of rice milk




PROPERTIES OF FERMENTED PERMEATE BEVERAGES ENRICHED WITH BARLEY ... 321

at 70°C/ 15 minutes, then cooling at 4°C.

2.3. Preparation of the Inoculum

Each strain was separately activated in skimmed
milk by dissolving 100 mg of freeze-dried culture in
50 ml of milk (10 g/100 g of total solids; autoclaved
at 121°C for 20 min). Then the fermentation process
was carried out at 37 + 1 °C and reached pH 4.7-4.6
in 6 hours.
approximately 6 Log CFU/ml.

Bacterial counts in these cultures

2.4. Beverages fermented preparation

18 different types of cereal beverages fermented
were prepared by mixing different mixtures of
permeate and cereals milk. Each mixture contained at
a fixed level 4% sugar, 4% CMC, 0.5% flavour, and
fixed concentrations of red, raspberry and blue
colours. The percentage of both oat and barley milk
was 10, 20 and 30%, while the black rice milk had a
concentration of 30, 50, and 70%. Two types of L.
helveticus and L. casai 01, and the following table
shows the design of the experiment as follows table

).

2.5. Production of fermented beverages:

The permeate was initially heat treated at 85°C /15
min and cooled to 4°C. Then, sugar, colour and
stabilizer were dissolved in permeate. This is
followed by the addition of cereal milk concentrates
with a heat treatment on 72°C / 15 min. after then
cooling to 42°C and add to flavour and then strain (L.
helveticus or L. casei) were added 1% (106 cfu /g) to
mixtures and incubated at 37°C/24 h, packing in
sterile containers, and storage for 3 weeks at 5°C.
The method of preparing synbiotic beverages is
shown in Figure 1.

Table 2
Ingredients in fermented permeate cereal milk beverages

Ingredient Barley Oat Rice
B1d B20 B3| O1¢ 02(| 030 R3( R5(0 R7
P | 0% % | %o | % | % | % | 0%
Extract (ml) 1 2 3 1 2 3 3 5 7
0 0O ]J]O O O |JO O O
red 0.01025 0.01025 0.01025
E é Ssl’ber 0.0037 0.0037 0.0037
S o blue 0.0001 0.0001 0.0001
Sugar % 4 4 4
Flavour % 0.5 0.5 0.5
CMC g./L 4 4 4
Permeate ml Up to 100 Up to 100 Up to 100
Culture 10° cfu/ml 10° cfu/ml 10° cfu/ml
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cooling

4% Sugar,
colour
4% stabilizer

0.5% Flavour L. helveticus
or

L. casei

Figure 1. Flowchart of fermented beverages cereal milk
production

2.6. Methods
2.6.1. Chemical analysis

pH value was measured using a pH meter (model
HI 9311, HANNA Instruments, Lisbon, Portugal) at
room temperature. Ash, protein contents
determined as reported in [22]. Carbohydrate was
determined according to [23] by spectrophotometer
(JENWAY 6105 UV /Vis.).
content of products was estimated using the method
of [13] using DPPH solution. And the measurement
of the absorbance of the sample extracts at 517 nm
using a spectrophotometer (JENWAY 6105 U.V
/vis.) The antioxidant activity was calculated as the
inhibition of free radical DPPH in percent (%)
according to the following equation:

. Inhibition (%) =
A517sample)/ A517control] x100

were

Total antioxidant

[(A517control-

2.6.2. Microbiological analysis

For the Lactobacillus helveticus or Lactobacillus
casei MRS (Man, Rogosa and Sharpe) agar was used.
The viability
Lactobacillus casei was determined at every week.
After making the dilutions were plated on MRS agar
to count the starting cultures present in formula
according to [24]. The plates were incubated for 48 h
at 37 °C, under anaerobic conditions. Considering,
the safety aspects of the product, microbiological
analyses measured coliforms bacterial counts (45 °C)
and the presence of yeast and mold in beverages as

of Lactobacillus helveticus or
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suggested by [25].

2.6.3. Sensory evaluation

Sensory evaluation of the prepared formulas was
carried out to once of week during storage 3 weeks of
cold storage by panel tests of 10 judges. The
maximum attainable scoring 20 point for colour,
texture 10 points, flavour 20 points and 50 points
overall acceptability according to [26].

2.7.  Statistical Analysis
Data of the experimental were analyzed by the
General Linear Model (GLM) procedure of Statistical
Analysis Systems [27].

3. Results and Discussion

Chemical compositions of products fermented
permeate cereal milk beverages using Lactobacillus
casei or Lactobacillus helveticus are presented in
table (3). The results showed that there were
significant differences (p> 0.05) when comparing the
two strains in the chemical composition, except for
protein and ash, there were no significant differences
(p> 0.05). However, the differences were significant
(p= 0.05) in the chemical composition, except for the
ash, when comparing the different concentrations of
the fermented permeate cereal milk beverages.
The results indicated that with an increase in the
concentration of cereal milk in the fermented
permeate beverages, this led to an increase in the
chemical content, and this was evident in each of the
permeate beverages fermented from barley milk, oat
milk and black rice milk. Where there was a
difference in moisture in the different samples due to
the of containing soluble fiber, which accordingly
affects the level of carbohydrates and protein [28].
This was evident in the black rice milk beverage,
followed by barley and oats, respectively. With the
increase to concentration of beverages increase
carbohydrates thus soluble fiber increased, and this
was in oat milk beverages, barley milk beverages,
and then black rice milk beverages, respectively.
Also, Table 2 shows that there was significant (p>
0.05) increase in protein content for all beverages. On
the other hand, the total protein for fermented
beverages fortified with barley, oats and black rice
increased with the increase in the added percentage of
them. This is due to the increased concentration and
decreased moisture content. These results agreed with
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[29], [30].

Table 3
Chemical composition of fermented permeate cereal milk
beverages

Moist | Carbohydr | Protei Ash
ure ate n
L. casei B10 0.20
% 93.90° 327° bed 0.995
B20 | 93.80
% be 2.35¢ 0.26® | 0.996
B30
% 93.72° 4.99f 027 | 0.998
010 0.20™
% 93.55¢ 3.02° 4 0.995
020
% 93.35¢ 2.86" 0.21™ | 0997
030
% 93.25¢ 2.63¢ 0.24™ | 0.996
R30
% 94.23" 4.18"° 0.13% | 0.996
R50 0.15
% 94.26" 423" bed 0.996
R70 0.18
% 94.08" 448" bed 0.996
L. helveticus B10 0.17
% 93.75" 5.49° bed 0.997
B20 | 93.32°
% © 3.99¢ 021" | 0.996
B30
% 92.20° 3.28" 0.30° | 0.997
010 0.18
% 91.35¢ 3.53¢ bed 0.997
020
% 91.19¢ 5.35¢ 0.19% | 0.997
030
% 91.13¢ 5.36 0.17" | 0.996
R30
% 94.45" 4.99° 0.12% | 0.996
R50 0.16
% 93.88" 2.01° bed 0.995
R70 0.18
% 94.06" 223" bed 0.997
SE 0.143 0.068 0.039 | 0.011

Mean with different letters are statistically different (p< 0.05) for
column

B10%= 10% barley milk, B20%= 20% barley milk, B30%= 30%
barley milk

010%= 10% Oat milk, 020%= 10% Oat milk, 030%= 10% Oat
milk;

R30%=30% Black rice milk, R50%=50% Black rice milk, R70%=
70% Black rice milk

Table 4 shows the effect of fermented permeate
cereal milk beverages with lactic acid bacteria on pH
during storage. The pH of the beverage was observed
to significant decrease during storage. The highest pH
values were recorded in the first week, and the
highest value was in beverages fermented with L.
casei for oat 10% (5.94), while it was for oat 30%
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fermented with L. helveticus (5.75). The pH values
reduction for all treatments during storage is due to
the accumulation of lactic and organic acids produced
by lactic acid bacteria and its metabolic activity [30],
[31]. Also, [32] found that fortification of functional
beverages from whey and permeate with fruit lowers
the pH value.

The results indicated in Table 5 that there were
significant differences when fermenting permeate
beverages fortified with cereal milk, L. casei and L.
helveticus when DPPH (%) was inhibited. Also, the
addition of cereal milk was significant, as the
inhibition DPPH (%) increased with the level of
cereal milk addition, and it was higher in black rice
milk, barley milk, then oat milk. DPPH (%)
inhibition beverages fortified with black rice milk by
70% were (19.97, 18.73 %) when fermentation of L.
casei and L. helveticus, respectively. This is due to
the higher level of antioxidants in black rice than
barley and oats. In addition, results indicate
significant decrease in DPPH inhibition values during

storage period for all treatments was observed.

Table 4

pH values of fermented permeate cereal milk beverages during
cold storage

Table 5
DPPH inhibition (%) of fermented permeate cereal milk beverages
during cold storage

L. casei L. helveticus
Wi w2 w3 Wi w2 W3
B10 18.11 17.74 16.09 16.94 16.04 15.50
% Ea Eb Ec Ea Eb Ec
B20 18.60 | 18.59 | 16.96 17.78 17.64 | 16.47
% Ba Bb Be Ba Bb Be
B30 18.79 18.65 17.19 17.81 15.60 15.97
% Ca Cb Ce Ca Cb Ce
0o10 18.30 | 17.79 | 16.34 17.13 17.08 | 15.48
% Da Db Dc Da Db Dec
020 18.09 | 16.74 | 1530 17.47 17.22 | 15.60
% Ea Eb Ec Ea Eb Ec
030 17.54 | 1698 | 14.89 16.84" | 16.08 | 15.88
% Fa Fb Fe a Fb Fe
R30 18.68 | 18.46 | 16.77 17.88 17.64 | 15.99
% Ba Bb Be Ba Bb Be
R50 19.43 | 1852 | 17.16 17.95 16.97 | 16.75
% Aa Ab Ac Aa Ab Ac
R70 1997 | 1932 | 17.61 18.73 18.16 | 16.50
% Aa Ab Ac Aa Ab Ac
+SE | 0.150 | 0.150 | 0.150 0.150 | 0.150 | 0.150

L. casei L. helveticus
Wi w2 w3 Wi w2 W3

B10 5.02° | 4.80° | 4.68° 472° | 4.66°
% a b c 4.75Da b c

B20

% 4.80™ | 4.64™ | 4.53™ 464" | 4.66™ | 4.59%
B30

% 4707 | 4.63™ | 457" 4677 | 4.64™ | 4.60™
010 594 | 585 [ 5.50° 532 | 5.26°
% a b c 5‘340\ b c

020 522 | 5.42% | 5.248 5.69° | 5.598
% Ba b c 5‘71Ba b c

030 543 | 543" | 534" 5.82% | 5.63%
% Aa b c 575Aa b c

R30

% 4.69% | 458 | 4.65 4.83% | 474" | 473%
R50 4.62° | 455 | 4.27° 4499 | 4.40°
% a b c 4‘52&'\ b c

R70 4550 | 4435 | 4.45° 4498 | 4.44°
% a b c 4‘51621 b c

#SE | 0.026 | 0.026 | 0.026 0.026 | 0.026 | 0.026

A B -G Mean with different letters are statistically different (p<
0.05) for concentration

P-¢ Mean with different letters are statistically different (p< 0.05)
for weeks

B10%= 10% barley milk, B20%= 20% barley milk, B30%= 30%
barley milk

010%= 10% Oat milk, 020%= 10% Oat milk, O30%= 10%
Oat milk;

R30%= 30% Black rice milk, R50%=50% Black rice milk,
R70%=70% Black rice milk

W= 1st week, W2= 2nd week, W3= 3rd week.
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AB-F Mean with different letters are statistically different (p< 0.05)
for concentration

»b¢ Mean with different letters are statistically different (p< 0.05)
for weeks

B10%= 10% barley milk, B20%= 20% barley milk, B30%= 30%
barley milk

010%= 10% Oat milk, 020%= 10% Oat milk, O30%= 10%
Oat milk;

R30%= 30% Black rice milk, R50%=50% Black rice milk,
R70%=70% Black rice milk

W= 1st week, W2= 2nd week, W3= 3rd week.

The activity of antioxidants is affected by pH. The
results showed that the highest concentration of black
rice milk > barley milk > oat milk had antioxidant
activity (19.97, 18.79, 17.54 %), respectively, in
samples fermented by L. casei. While L. helveticus
was lower in values. The higher antioxidant activity
in black rice than in barley and oats may be due to the
high percentage of malvidin, cyanidin-3-glucoside
and anthocyanin pigment [33]. in addition to being
hydrophilic pigment and could bind to protein, and
thus the pigment remains in a state of protection
during storage [31], [34], [35]. [36] found that starter
cultures increase the solubility and extractability of
polyphenolic compounds; the effectiveness of these
reactions depends on the strain and the specific
enzymatic activity of bacteria. The fermentative
processes that occur during the ripening of beverages
contribute to the release of polyphenols.

The evaluation of L. casei and L. helveticus during
storage period for fermented permeate cereal milk
beverages in Table 6. In general, there were
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significant (p> 0.05) differences when evaluating L.
casei and L. helveticus. It was also noted that the
populations of L. casei increased in all treatments and
during the storage period compared to the
populations of L. helveticus. Also, the permeate
beverages fermented with L. casei and fortified with
black rice milk had the highest count of those
fortified with oat milk and barley milk during the
storage period. There is a statistical difference (P <
0.05) in the L. casei populations for all treatments
during the storage period. While it was found that the
permeate beverages fermented with L. helveticus
were less active than L. casei. However, its activity in
oat milk was highest that of black rice milk and
barley milk. This may be due to the ability of lactic
acid bacteria to grow optimally under slightly acidic
conditions when the pH is between 4.5 and 6.4 [35].
Also, the high content of carbohydrates helped to
increase the growth of starter, which helped to
increase their count and increase their metabolism
[371, [38].

The coliform, moulds and yeasts were not detected
in all samples throughout production and during
storage period. This can be attributed to the good
hygienic conditions practiced during processing and

storage.

Table 6

Microbiological evaluation (Log cfu/g) of fermented permeate
cereal milk beverages during cold storage

010%= 10% Oat milk, 020%= 10% Oat milk, O30%= 10%
Oat milk;

R30%= 30% Black rice milk, R50%=50% Black rice milk,
R70%=70% Black rice milk

W= Ist week, W2=2nd week, W3= 3rd week.

The results in table 7 reveal showed the sensory
evaluation of the extracts of grains permeate
fermented by L. casei. There was overall acceptance
of all beverages, and it was significant. While there
were no significant differences in terms of colour,
flavour and texture. It was also noted that all products
spoiled and gas formation after a week storage and
this may be due to the activity of the initiator and its
microbial load and gas formation in addition to the
low pH. These results are in agreement with [38] that
with the availability of excess amounts of lactose,
galactose and citrate during the initial maturation
stages of L. casei heterotrophs with sufficient
substrates for gas formation. On the other hand, all
beverages fermented by L. casei experienced colour
changes during storage time leading to violet colour
after Ist week to green colour. it may be due to L.
casei demonstrating the greatest counts activity and
the loss of antioxidant activity [34].

Table 7
Sensory evaluation of fermented permeate cereal milk beverages
by L. casei during cold storage

L. casei
L. casei L. helveticus

Wi w2 | w3 Wi w2 | wa B10% B209%B30% D10% [020% P30% R30% R50% R70%
BI10 | 6.56% | 5.75% | 7.29® 5508 | 6.628 | 6.77° Colour (20)
% Cb Ce Ca Cb Ce Ca W
B20 691 | 7.02 550 | 550 | 741 1 | 20.04 20.0{ 20.00 20.00| 20.0q 20.00 20.0q 19.74 20.0
% 6‘00Bb Be Ba Bb Be Ba TCXtL]l'C (10)
B30 6.67 | 6.92 575 | 750 | 7.20
% 6‘29Cb Ce Ca Cb Ce Ca W
010 625 575 751 6.07 6.79 733 1 8.75| 9.2 9.50| 9.75| 9.50| 9.75| 10.04 10.04 9.75
% Ab Ac Aa Ab Ac Aa Flavour (20)
020

W 020.0

% 6.93% | 6.14% | 7.74™ 6.77" | 633™ | 7.53" 1] 20001929 19.79 19.75| 19.79 19.75 19.79 20.0(
%30 622 | 610 | 759 675 | 350 | 753 Overall acceptability (50)
R30 W 19.75%
% 6.70% | 7.12% | 7.77™ 6.28% | 6.27% | 7.50% 1 #8.75*h8.5019.25°49.50"® 49.25*19.50*149.75" 49.75"
R50 | 6.98% | 7.12° | 7.51® 6.02% | 7.50% | 7.75°
% . - « - © - . - « 5 @ 5 A B Mean with different letters are statistically different (p< 0.05)
R70 g;26 ZC‘OO 2573 ?‘;OO Zc'75 2575 for concentration
% B10%= 10% barley milk, B20%= 20% barley milk, B30%= 30%
+SE | 0258 | 0.258 | 0.258 0.258 | 0.258 | 0.258 barley milk

AB-CMean with different letters are statistically different (p< 0.05)
for concentration

¢ Mean with different letters are statistically different (p< 0.05)
for weeks

B10%= 10% barley milk, B20%= 20% barley milk, B30%= 30%
barley milk
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010%= 10% Oat milk, 020%= 10% Oat milk, 030%= 10% Oat
milk;

R30%= 30% Black rice milk, R50%=50% Black rice milk,
R70%=70% Black rice milk

W= Ist week.
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Table 8 shows the sensory evaluation of the extracts
of grains permeates fermented by L. helveticus. In
general, there was a significant improvement in the
sensory characteristics, whether between treatments
or during the storage period. There was overall
acceptability of all treatments of rice, oats and barley
during the first week, while the samples treated with
rice (30%) and all treatments of oats and then barley
were the most acceptable, respectively, during the
2nd week. Then there was spoiling and change in
colour in the 3rd week. This is due to the low pH and
increased L. helveticus activity. L. helveticus better
retained the content of antioxidant activity within 2
weeks of refrigerated storage. A similar observation
was confirmed by [34].

Table 8
Sensory evaluation of fermented permeate cereal milk beverages
by L. helveticus during cold storage

L. helveticus
B30 | O10 | 020 | O30 | R30 | R50 | R70
% % % % % % %
Colour (20)

B10% B20%)

20.00| 20.00( 20.0¢ 20.00[ 20.00 20.00/ 20.00 19.7§ 20.00
Aa Aa Ba Aa Aa Aa Aa Ca Ca

|

20.00| 20.00| 10.0¢ 19.75( 19.75 19.00, 18.0
Ab Ab Bb Ab Ab Ab Ab 0.00 | 0.00

Texture (10

9.25% 925" 9258 9.754 9.50% 9.754 10.00 10.04 9.75

Aa Ca

|

6.25™ 6.25™ 4.00% 8.50% 9.007 8.50% 8.50%
° ° ° ° ° ° ° 0.00 | 0.00

Flavour (20

19.7519.25"| 19.50( 19.75" 19.75{ 19.75 | 19.75 | 20.00{ 20.00

Da Da Ca Aba Aba Aa Ea Ea

7.50° 11.505 15.50{ 16.00 | 17.00
b Cb Ab

Abb Abb

]

6.50™| 6.00™ 0.00 |0.00

Overall acceptability (50)

49.00| 48.50| 48.75 49.50] 49.25 49.50 49.75 49.75 49.75
Aa Aa

Aba Aba Ba Aa Aa Ca Ca

Ve =

33.75| 32.75| 20.00 39.75| 44.25/ 43.50 43.50
Abb ABb Bb Ab Ab Ab Ab

0.00 | 0.00

A B-E Mean with different letters are statistically different (p< 0.05)
for concentration

=P-¢ Mean with different letters are statistically different (p< 0.05)
for weeks

B10%= 10% barley milk, B20%= 20% barley milk, B30%= 30%
barley milk

010%= 10% Oat milk, 020%= 10% Oat milk, O30%= 10% Oat
milk;

R30%= 30% Black rice milk, R50%=50% Black rice milk,
R70%=70% Black rice milk

W= 1st week, W2= 2nd week.

4. Conclusion
It can be concluded that the use of milk permeate
enriched with probiotic strains and fortified with

Egypt. J. Chem. 66, No. 7 (2023)

cereal extracts can give health benefits. It is
recommended to produce these beverages fermented
with L. helveticus that have a shelf life of two weeks.
It can be given to certain groups of people, as it is
rich in antioxidants, in addition to being considered a
Synbiotic product. Finally, this kind of study can
facilitate the development of new, fermented, non-
dairy, nutritionally well-balanced food products with
unique physical properties.
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