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Abstract — Probotication (addition of probiotic) with Bifidobacterium longum BB536 to beverages formulated from three different
Sudanese rice types denoted locally (Crown, Narica and Pabenjeda) was assessed in this study. 10% rice (w/v) was cooked at 60 °C using
a hot plate for 7 min; after cooling 1g of fetarita sorghum malt was added for liquification followed by addition 0f10% whey (v/v) and
1% hashab gum (w/v). The mix was sterilized at 121 °C for 15 min., cooled to 37 °C, 3 % active strain BB.536 starter culture was added
and incubated at 37 °C for 36 hrs (maximum strain BB536 viable count). Different analyses were carried out for final fermented rice
beverages including physiochemical properties (TSS, pH, Acidity), growth and survival of strain BB 536. During fermentation the
maximum growth of strain BB 536 was accompanied with significant (p<0.05) increases in strain BB 536 viable count and acidy. However,
there were also significant (p<0.05) reductions in pH and TSS. The level of strain BB536 growth in all fermented beverages was improved
by supplementation with whey and further improved more by supplementation with whey and hashab gum. The rates of strain BB536
increases in all fermented rice beverages were in range of 5.24 - 6.99 log CFU/ml. The maximum viable number of strain BB 536 in all
fermented rice beverages was attained at 36 h incubation (except in fermented Narica rice beverage at 30 h) and ranged between 9.83 -
9.87 log CFU/m. These numbers exceed the amount required to presence in probiotic food which at least 6 log CFU/ ml. Moreover, at
three weeks refrigeration storage the viable counts of strain BB 536 still fulfil probiotic requirement. Therefore, probiotication of rice
beverages with strain BB.536 was successful to develop probiotic functional food.
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I. INTRODUCTION

Probiotics defined as microbial dietary adjuvant that beneficially affects the host physiology by modulating mucosal and
systemic immunity, as well as improving nutritional and microbial balance in the intestinal tract. Mainly specific strains of
lactobacilli, Bifidobacterium, enterococci and yeast are today used commercially as probiotics [1], [2], [3]. Bifidobacterium longum
is the most common species of bifidobacteriabeing found in both infant and adult [4]. Many scientific studies showed the benefits
offered by Bifidobacterium longumBB536 [5], [6]. Thus there is considerable interest in incorporating these heaths promoting
bifidobacterium into food.

Prebiotic is mainly indigestible food item that usefully affect the host by selectively stimulating the growth and activity of one
or a partial number of bacteria in the large intestine, and thus improves the host health [7]. The non-digestible prebiotics such as
inulin, fructooligosaccharide (FOS), sorbitol and arabinan selectively stimulate the growth and /or activity of indigenous probiotic
bifidobacteria and Lactobacillus in the intestinal tract [7], [8], [9].
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It is prepared by inclusion of other ingredients such as probiotics and prebiotics to levels that enable the consumer to derive
optimal health benefits. The presence of probiotics and prebiotics in the same product is termed as synbiotic [10]. The approach has
been reported to enhance the efficiency through supporting viability and enhancing enzymatic activity of probiotics [11], synbiotic
products enhance the growth and survival of probiotic bacteria in fermented dairy products [12]. Among prebiotics gum arabic
(GA) is one of the prebiotics found to support growth of probiotics [13]. Gum arabic or acacia gum is the exudate from the Acacia
Senegal and Acaciaseyal trees, belonging to Leguminosae family,it is a complex, branched heteropolysaccharidesolublein water,
neutral or slightly acidic salt of a complex polysaccharide containing calcium, magnesium and potassium salt. It is acomplex edible
mixture of saccharides and glycoproteincomposed of 1, 3-linked p-d-galactopyranosyl units. L-arabinose, L-rhamnose,
anglucuronic which gives it most useful property [14].

The functional food is the food that can positively impact the health as it contains health promoting and biologically active
components in adequate amounts [15]. [16] stated that functional food improves the general and physical conditions of the human
organism and/or decrease the risk of occurrence of disease, it either be dairy based or cereal based. Among cereal, rice (Oryzasativa
L.) is one of the most important cereal crops and is the staple food of over half the world’s population, it is also one of the largest
consumed agricultural crop in the world, only next to maize. Rice is consumed as milled rice after dehulling process or removal of
bran layer and embryo from brown rice [17], thus need to be supplemented to improve its health and nutritional properties. Whey
is defined as water which drains from the crud during cheese making processes. It contains nearly all the lactose, 20 % of milk
protein (albumin and glublin) and soluble minerals in original milk [18], [19], [20]. Probotication started in dairy food and then
expanded to include cereal based food [21] instead of dairy base. In Sudan probotication was successful in Medida the Sudanese
thin porridge formulated from rice. However, no report on use of local rice types in probiotic food formulation. Therefore, in this
study the suitability of different Sudanese rice types as a successful carrier for probiotic was assessed.

II. MATERIALS AND METHODS
2.1 Rice varieties

Long grain rice locally denoted (Crown) planted in Sudan was collected from supermarket in Khartoum State, Papenjeda rice
is a wild rice grown in white Nile State was collected from the local market in (Kosti Town), and Narica rice planted in Algazira
scheme was obtained from the Rice Department, Ministry of Agriculture, (Khartoum — Sudan). Care was taken to ensure that good
quality of rice grains was selected.

2.2 Preparation of whey

Whey is water which drains from the crud during cheese making processes. Milk was heated in water bath followed by addition
of rennin enzyme dissolved in water to the milk to cause coagulation and formation of curds and left for 30 min .Then the curld was
cutand whey drained off by sieving through a piece of cheesecloth. The collected whey was packed in cleaned bottles then preserved
in a freezer.

2.3 Preparation of additive gum arabic

Hashab gum was obtained from north Kordofan State from batches prepared for export. The gum arabic was ground to fine
powder using a commercial grinder. The powder was packed in a plastic container and kept at refrigeration temperature until used.

2.4 Preparation of sorghum malt

Fitareta sorghum grain was obtained from Agricultural Research Corporation (ARC)- Wad Medani town, Aljazeira State, Sudan.
Sorghum malted following the procedure reported by [22]. Germinated sorghum were dried in an oven at 50°C for 48 hrs, after that
the roots of the germinated sorghum were removed and the malted sorghum were ground into a flour and sieved through a 355-um
screen. The flour was packed in a plastic container and kept at refrigeration temperature until used.

2.5 Bifidobacterium longum BB536 Culture

Bifidobacterium Longum BB536 culture was prepared by activation of the strain by transferring the strain into 10% sterilized
(121°C for 15 min) skim milk and anaerobic incubation at 37°C for 24 hrs. The culture was further sub cultured twice in a similar
sterilized skim milk for 24 hrs to use for fermentation.
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2.6 Fermentation of the three different rice varieties supplemented with sorghum malt, whey and gum arabic

The three different varieties of rice grains were grounded separately to fine flour using a commercial grinder. The flour was
packed in a plastic container and kept at refrigeration temperature until used. 10% of different types of rice flour (w/v) were prepared
in a separate volumetric flask. The mixture was cooked in hot plate at 60 °C for 7 minutes. After coolingl% sorghum malt was
added for liquificaton. 10% ml of whey (V/V) and 1% gum arabic(w/v) were supplemented. The final mixture was autoclaved at
121 °C for 15 minutes, cooled to 37°C, 3% active culture of strain BB536 was added followed by incubation at 37°C for 36 hours.

2.7 Enumeration of Bifidobacterium longum BB536

The media used was MRS (de Man Rogosa Sharpe Medium agar, Merck, Germany) agar supplemented with 0.05% L-cysteine.
It was prepared following manufacture instructions. 1 ml of each fermented rice variety was serially diluted in 9 ml peptone water.
0.1 ml of each dilution was aseptically plated on MRS agar plates. The plates were then incubated anaerobically at 37°C for 48
hours and colony-forming units (CFU) per ml were counted.

2.8 Determination of pH

The pH was determined using a pH-meter (model HI8521 microprocessor bench pH / MV / CO meter, Romania) .Two standard
buffer solution of pH 4.00 and 7.00 were used for calibration at room temperature. The pH meter was allowed to stabilize for one
minute and then the reading was directly measured.

2.9 Determination of titratable acidity

The titratable acidity (TA) was determined according to [23] method. Ten ml of sample were pipetted into a conical flask.
Distilled water was added until the volume in the flask was 150 ml. The sample was then vigorously agitated and filtered. Twenty
five milliliters of the filtrate were pipetted into a porcelain dish, five drops of phenolphthalein added, and the sample was titrated
against 0. IN NaOH till a faint pink color that lasted for at least 30 seconds was obtained, then acidity was calculated.

2.10 Determination of total soluble solids (TSS)

A total soluble solid (TSS) of fermented rice beverages was determined at room temperature using digital refracotmeter with
degree Brix® scale 0-100 according to [23].

2.11 The storage of the fermented three different rice varities products

After 36 hours of fermentation (the maximum growth of Bifidobacterium longum BB536) fermented rice beverages were held
at refrigeration temperature for a period of 3 weeks. During the storage period, the viable counts of Bifidobacterium longum BB536
were caounted after one week, two weeks and three weeks intervals.

2.12 Statistical analysis

One- way ANOVA and two sample paired test were performed to examine significant differences between normally distributed
data of triplicated independent analysis. Probability level of less than 0.05 was considered significant (p<<0.05). All data were
analyzed using vision 17 MINITAB statistical software for windows [24].

III. RESULTS

3.1 The growth of Bifidobacterium longum BB536 (log CFU/ml) during fermentation of three rice beverages supplemented
with whey and hashab gum

Comparative growth of strain BB536 cultured in rice (Crown, Narica and Pabenjeda) beverages supplemented with whey and
then whey and hashab gum displayed in Tables (1), (2) and (3). There were significant (p<0.05) increases in strain BB536 viable
count by extended fermentation period in all fermented beverages as compared to initial level at the beginning of fermentation
(Tables 1, 2 and (3). The rate of growth of strain BB536 in all fermented beverages was improved by supplementation with whey
and further improved more by supplementation with whey and gum as shown in Tables 1, 2 and 3. The maximum growth of strain
BB536 was attained at 36 h in all fermented beverages except in fermented Narica beverage supplemented with whey which was
attained at 30 h (Tables 1, 2 and 3). These maximum viable counts of strain BB536 in all fermented beverages fulfill the requirement
of probiotic food which is at least 6 log CFU/ml fermented product. After the maximum growth of strain BB536 (36 h except for
fermented Narica beverage after 30 h), there were reductions in the viable number by extend fermentation to 48 h.
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3.2 Physiochemical properties of different Bifidobacterium longum BB536 fermented rice beverage

Table (4) represent the pH values, titerable acidity (TA) and total soluble Solids (TSS) of strain BB536 fermented Crown, Narica
and Pabenjeda rice beverages at initial (0 h) and maximum growth (36 h). There was significant (p<<0.05) decreases in pH and TSS
in all fermented rice beverages (Table 4). While titerable acidity (TA) significantly (p<0.05) increased at maximum strain BB536
growth.

3.3 Survival of Bifidobacterium longum BB536 log (CFU/ ml) supplemented with whey and gum arabic during the storage
of fermented rice beverages

Table (5) showed the survival of strain BB536 during refrigeration storage of fermented rice beverages. There were significant
(p<0.05) reduction in strain BB536 viable count in all fermented rice beverages during extension of storage period to three weeks.
The rate of reduction in the first week refrigeration were 2.0, 1.32, and 2.94 log CFU /ml in fermented Crown, Narica and Pabenjeda
rice beverages, respectively. While the decrease in the second week refrigeration were 2.29, 2.09 and 2.97 log CFU/ ml in the
fermented Crown, Narica and Pabenjeda rice beverages, respectively. At the end of refrigeration, the total strain reductions were
3.01, 3.30 and 4.00 log CFU/ ml in the fermented Crown, Narica and Pabenjeda rice beverages, respectively.

IV. DISCUSSION

The rate of strain BB536 viable count increases during fermentation of different rice beverages were high. The increases in all
fermented rice beverages were in range of 5.24 - 6.99 log CFU/ml. The better growth of probiotic bacteria was based on availability
of nutrients as stated by [25]. Thus, supplementation with whey improved strain BB536 growth as compared with the control.
Addition of whey was documented to enhance bifidobacteria growth [26], [27]. However, the maximum growth development was
attained by supplementation with whey and hashab gum Arabic together. These findings indicate the importance of addition of
prebiotic to nourish and activate the growth of strain BB536 in fermented rice beverages in presence of whey.

Substances include fructooligosaccahrides (FOS), aseinomacropeptides (CMP), whey protein concentrate (WPC), tryptone,
yeast extracts, certain amino acids, nucleotide precursors and an iron source were also documented as most importance in the
viability of probiotic bacteria in fermented formula [26]. [28] stated that the viability of probiotic bacteria in fermented formula due
to the fact that probiotic in particular, bifidobacteria increases the rate of growth if the food is fortified with different growth factors
(consumed by probiotics as nutrients) and/or growth promoters (which improve viability of probiotics but not as a direct nutrient)
such as casein, whey protein hydrolysates, L-cysteine, yeast extract, glucose, vitamins, minerals and antioxidant. These supplements
have significant positive effects on the survival of probiotic microorganisms. Supplementation with gum Arabic as a prebiotic also
had a significant increase in viable count of Bifidobacterium strain as stated by [29]. Prebiotics are non—viable and non-digestible
(or minimally digestible) food ingredients which are metabolized selectively by beneficial intestinal bacteria and enhance their
growth and/or activity. They are mostly sugar-like compounds (oligosaccharides) comprising between two and ten monomers that
largely resist digestion by pancreatic and brush border enzymes.Also can have suitable effect on retention of probiotics viability
(especially bifidobacteria) in food products as well as in gastrointestinal tract [30], [28], [31].

The reduction in strain BB536 viable count after 36 h fermentation (maximum growth) was due to lack of available nutrients
required for the growth [22] and increase of acidity [32]. In spite of the noticeable declining in strain BB536 viable count of different
fermented rice beverages, their maximum number still above the requirement to presence in probiotic food which is at least 6 log
CFU/ml fermented Crown and Pabenjeda rice beverages. pH and titrable acidity of probiotic products considerably affect cell
survival of probiotic microorganisms [33]. Low pH is of the most important factor that restricts the growth and stability of probiotic
bacteria in fermented products and this because hydrogen ions damage probiotic cells via disrupting mass transfer through the cell
membranes and acidic starvation of the cells [34].

During growth strain BB536 utilized sugar (TSS) as energy source thus it decreased by fermentation. The rates of TSS decreases
at maximum growth of strain BB536 were 1.79, 1.89 and 2.11% in fermented Crown, Narica, and Pabenjeda rice beverages,
respectively. Enzymatic activity of the strain plays a vital role in rate of TSS fermentations as stated by [35]. The reduction in sugar
often accompanied by decrease in pH and increase of acid as a result of fermentation of sugars by strain BB536 and production of
mainly acetic and lactic acids. The segmental reduction in pH is in agreement with [36] findings. They stated that, the highest
increase in acid production was associated with maximum increase in the viable population of bacteria. Moreover, the accumulated
acid produced by Bifidobacterium longum BB536 reported to have antibacterial activity such as prevention of growth of pathogens
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[371, [38], [39]. The variances in reduction rate of pH could be attributed to the types of carbohydrates (sugars) which can be ferment
[40]. The increase in acidity is correlated well with pH reduction as stated by [41].

It was clear that after three weeks refrigeration storage there is a reduction in viable count of strain, this might be due to increases
of acidity in addition to the cold storage of the fermented product decreases enzymatic activity of bifidobacteria cell [32]. After
three weeks refrigeration, the viable count of strain BB536 in fermented Crown and Narica rice beverages fulfill the number needed
to presence in probiotic food(6 log CFU /ml) to exert health benefits upon consumption [42]. These result agreed with [22] on
survival of B. longum BB.strain 536 in Sudanese fermented Medida during the refrigeration storage, and disagreed with [43] on
strain survival in refrigerated yogurt. These results confirm the finding by [44] who reported a decline in total viable count of
Lactobacillus reuteri and Biofidobacterium in whey based probiotic beverage stored at 4 + 1°C. This indicated that the survival of
Bifidobacteriain fermented products was dependent on the carrier media type or substrate in addition to pH levels of the fermented
product during the storage [13]. Addition of whey and hashab gum arabic to rice beverages change the composition of the
fermentation medium to better for strain BB.536 survival environment. [45] stated that the survival of probiotic bacteria in fermented
dairy bio- products depends on strain used, interaction between species present, culture conditions, chemical composition of the
fermentation medium e.g. carbohydrate source, final acidity, solid content, availability of nutrients, growth promoters and inhibitors,
concentration of sugars, dissolved oxygen, level of inoculation, incubation temperature, fermentation time and storage condition.
Overall most strains of bifidobacteria are sensitive to pH values below 4.6. Therefore, for practical application, a pH value of the
final product must be maintained above 4.6 to prevent the decline of bifidobacteria populations [46], [47], [48].

The growth and survival of probiotic in dairy? products affected by the fermentation time, incubation temperature, storage
temperature and the addition of casein in addition to the level of dissolved oxygen [42]. Therefore the validity and survivability of
probiotic in fermented products should be fixed in the product label as stated by [13].

Table 1: The growth of Bifidobacterium longum BB536 log (CFU/ml) during fermentation of Crown rice beverage

Fermented Crown rice beverage with different supplements

Fermentation Control Whey Whey + hashab gum
period (h)
0 3.73+0.038 3.80 £0.02! 3.92+0.01
6 3.90 +0.02f 3.97+0.01" 4.64+0.04"
12 5.87 £0.02¢ 5.92+0.018 5.97+0.018
18 6.70 £ 0.04¢ 6.74+0.01F 6.88+0.01F
24 8.95+0.01* 7.96+0.034 8.77+0.02¢
30 8.96 +0.00* 9.67+0.01° 9.75+0.01°
36 8.97+0.01* 9.84+0.01* 9.87+0.01?
42 7.89 +£0.02° 8.74+0.02°¢ 8.81+0.02¢
48 7.73 £0.03¢ 7.86+0.01¢ 7.92+0.02¢

Values are mean + SD for triplicate independent analysis value.
Values that bear different superscript letter in the same column are significantly difference at p<0.05.

Table 2The growth of Bifidobacterium longum BB536 log (CFU/ml) during fermentation of Narica rice beverage

Fermented Narica rice beverage with different supplements

Fermentation Control Whey Whey + hashab gum
period (h)
0 2.54 +0.03" 2.74 +£0.01! 2.88+0.01f
6 3.88+0.012 3.92 +£0.01" 3.97 £0.01°¢
12 4.86+0.02f 497 +£0.01¢ 5.68+0.01¢
18 5.85+0.02¢ 5.93 +0.01F 5.97 +£0.01¢
24 6.83+0.01¢ 7.86 £0.02¢ 7.92 £0.01°¢
30 8.75 +£0.02° 8.92+0.01° 7.97 £0.01°¢
36 8.90+0.022 8.73 +£0.02° 9.86 +£0.02°
42 7.70+0.02°¢ 8.80 +0.02° 9.51 +£0.5*
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48

6.88+0.01¢

7.65+ 0.03¢

8.74 £0.03°

Values are mean + SD for triplicate independent trails.
Values that bear different superscript letter in the same column are significantly difference at p<0.05.

Table 3: The growth of Bifidobacterium longum BB536 log (CFU/ml) during fermentation of Pabenjeda rice beverage

Fermented Narica rice beverage with different supplements

ermentation period Control Whey Whey + hashab gum
(h)
0 2.64 +£0.041 2.67 +0.02 2.78 +£0.02f
6 2.95+0.01" 3.88 +0.01" 3.93 +£0.00¢
12 3.92+0.018 4,92 +£0.018 5.69 +0.03¢
18 4.80 £0.02f 5.88 +£0.02f 6.74 £0.02¢
24 5.95+0.02¢ 7.84 +£0.03¢ 7.92 +£0.01°
30 7.74 £0.01¢ 8.87 +£0.02° 9.63 £0.04°
36 8.97+0.01* 9.66 +0.03? 9.83 +£0.01°
42 8.62 +0.02° 8.75 £0.02¢ 8.13 £0.62°
48 7.92+0.01°¢ 7.59+0.05¢ 7.77 £0.03°

Values are mean + SD for triplicate independent analysis value.
Values that bear different superscript letter in the same column are significantly difference at p<0.05.

Table 4: Physicochemical properties (pH, Titratable acidity and Total Soluble Solids) of different fermented rice beverages

Physicochemical properties at initial and maximum growth of strain BB536

Types of pH Acidity TSS

fermented rice Initial Maximum Initial Maximum Initial Maximum
Crown 6.65+0.022 4.85+0.00° 0.19+0.02¢ 0.42+0.022 2.76+0.05¢ 0.97+0.002
Narica 6.37+0.03° 4.954+0.01¢ 0.17+0.05° 0.38+0.022 2.81+0.122 0.92+0.042
Pabenjeda 6.8340.05% 4.92+0.12° 0.21+0.11° 0.51+0.00?2 2.96+0.012° 0.85+0.1%

Values are mean £SD for triplicate trails.
Value that bear different superscript letters in the same row of each specific physicochemical property is significantly difference at
p<0.05.

Table 3The survival of Bifidobacterium longum BB536 (log CFU/ ml) during refrigeration of fermented rice beverage
supplemented with whey and hashab gum

Storage period (week) of strain BB536 fermented rice beverages
Types of | Initial One Two Three Reduction
fermented Rate
rice
Crown 9.87+0.022 7.87+0.02° 7.58 £0.03° 6.86 + 0.02¢ 3.01
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Narica

9.86+0.01%

8.5440.06°

7.77+0.04°

6.56 +0.08¢

3.30

9.83+0.01*

6.89+0.03°

6.86+ 0.01°

5.83 +£0.02¢

4.00

Pabenjeda

Values are mean + SD for triplicate independent trails.
Value that bear different superscript letter in the same row of each specific fermented rice beverage is significantly difference at
p<0.05.
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