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Abstract

Background and Objective: Tiger-nut has long been recognized forits generous health benefits. Milk permeate as a by-product, contains
lactose, soluble vitamins and salts. Probiotics are live micro-organisms that confer a benefit on the host. The aim of this work was to use
a combination of tiger-nut aqueous extract (TNAE) and UF-milk permeate, fortified with probiotic bacteria, to produce a functional dairy
beverage. Material s and Methods: Milk-permeate (65%), TNAE (30%) and sugar (5%) were the best portions used to produce
permeate-tiger nut beverage. Three probiotic bacteria mixture including, L. plantarum and L. acidophilus culture (1:1), L. plantarum
and B breve culture (1:1) and L. plantarum with both L. acidophilus and B. breve culture (1:1:1) were added to create
3 permeate-tiger nut beverages namely T,, T, and T;, respectively. The follow up of their bacteriological, physical and chemical
characteristics/changes during a storage period of 10 days was evaluated. Results: No changes in the survival of the probiotics bacteria
were observed throughout the storage period (10 days). Meanwhile, T; has low pH value and acetaldehyde content but has high diacetyl
content and antioxidant activity followed by T, and T,. Permeate-tiger nut beverage fortified with probiotic bacteria exhibited higher
lightness and lower redness and structure viscosity than the control from day 5 onwards. Also, T; was less sensory acceptable compared
to the others. Conclusion: A mixture of UF-milk permeate (65%), tiger-nut aqueous extract (30%) and 5% sugar, fortified with 1% mixture
of probiotic cultures produced a healthy stable beverage.
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INTRODUCTION

Tiger nut, Cyperus esculentus, is an underutilized tuber
of family Cyperaceae, which produces rhizomes'. It was
cultivated in the region of chufa between Sudan and Egypt on
the borders of the Nile river. Tiger nut has long been
recognized for its health benefits as it is rich in fiber, protein,
natural sugars, minerals and vitamins such as E and C% It
contributes to the reduction of cholesterol, reduces the risk of
coronary heart disease, arteriosclerosis and is recommended
for those who have heavy digestion, flatulence and dysentery
and cancer especially of the colon. It is also beneficial to
diabetics and those seeking to reduce cholesterol or lose
weight. The tiger nutyield more milk upon extraction contains
lower fat and higher protein and less anti-nutritional factors
especially polyphenols. This milk was classified as medicinal
drink due to its highly energetic and diuretic and rich in
mineral, predominantly phosphorus and potassium as well as
vitamins2. It has a pleasant nutty flavor and consumed as a
kind of snakes food and could be used in food technology.
These numerous advantages and health benefits associated
with tiger-nut makes it more attractive in some dairy products.
Ultrafiltration (UF) of milk produces a large quantity of
permeate as a by-product. It contains lactose as the major
constituent in addition to soluble vitamins and salts.
Therefore, permeate can be considered as a solution of
nutritious significance®. A huge amount of UF permeate is
produced annually and drained as waste. Utilization of UF
permeate in the food industry will reduce environmental
pollution and consider an added value. Probiotics are defined
as live micro-organisms (bacteria or yeast) which when
administered in adequate amounts confer a benefit on the
host®. The health benefit of functional foods may be further
enhanced by supplementation of certain lactic acid bacteria
which consider the most used probiotic cultures with
established human health in dairy products and beverages®.
In this study, it developed a probiotic beverage composed
of tiger-nut aqueous extract, UF milk-permeate and probiotic
bacteriaas a nutritive/healthy stable functional beverage food.
Study of the physical, chemical, bacteriological and sensory
properties of the produced beverage, during a storage time
of 10 days was another goal.

MATERIALS AND METHODS

Materials: Tiger-Nut (Cyperus esculentus) and sugar were
purchased fromlocal market, Cairo, Egypt. Ultrafiltration (UF)
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milk permeate was obtained from Animal Production
Research Centre, Ministry of Agriculture. Cairo, Egypt. The
probiotic bacterial strains, including Lactobacillus acidophilus
La-5 (DVS), Lactobacillus plantarum and Bifidobacterium
breve Bb-12 (DVS) were obtained from Chr-Hansen's Lab.,
Denmark.

Methods: This study was carried out in the laboratories of the
National Research Centre (Giza, Egypt) during the period April
till July, 2018.

Preparation of the tiger-nut aqueous extract: The dry
tiger-nuts were sorted, washed and soaked in tap water at a
ratio of 1:3 (w/v) at room temperature of 30°C for 24 h to
obtain the hydrated or fresh-like nuts of 45-50% moisture
content. The hydrated tiger-nuts were blanched by boiling in
0.2% solution of sodium bicarbonate to eliminate the nutty
flavor, which may be objectionable to some consumers and
washed twice in tap water. Then, the hydrated tiger-nuts were
blended with distilled water (1:3 w/v) using a kitchen blender
(Philips, HR 7740, Hungary) at the maximum speed for 5 min.
The homogenous slurry was filtered using a muslin cloth by
squeezing until virtually no extract was recovered and
centrifuged at 2500 xg for 5 min. The supernatant obtained
and heated at 70°C for 20 min, cooled to 4°C and refrigerated
for further processes. The average composition of the
tiger-nut extract was 96.86, 0.34, 0.95, 1.65 and 0.20% for
moisture, protein, fat, carbohydrates and ash, respectively.

Activation of the bacterial strains: Strains of Bifidobacterium
breve Bb-12, L. plantarum and L. acidophilus were
activated individually by three successive transfers in the
modified MRS followed by three successive transfers in the
sterile 10% reconstituted skim milk powder. The cultures were
incubated at 37°C for 48 h under anaerobic conditions’ and
prepared 24 h before use.

Beverage manufacture:Firstly, different concentrations of UF
milk permeate fortified with 5, 10, 20, 30 and 40% tiger-nut
aqueous extract (TNAE) have been done. According to the
primary sensory evaluation, the mixture of 30% TNAE, 65% UF
milk permeate and 5% sugar was used, heated to 90°C for
5min and then cooling to 40°C. The mixture was divided
into 4 portions and inculcated separately with 1.0% of
L. plantarum and L. acidophilus culture (1:1), L. plantarum
and B. breve Bb-12 culture (1:1) and L. plantarum with both
L. acidophilus and Bifidobacterium breve Bb-12 culture
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(1:1:1) to create three probiotics containing beverages
(T;, T, and T;, respectively). The fourth portion had no
probiotic bacteria and served as a control. The inoculated
beverages were mixed thoroughly, dispensed in 200 mL
glass bottles. Bacteriological analysis of all beverage
treatments was analyzed at day 1, 3, 5, 7 and 10, while the
chemical analysis was done at day 1, 5 and 10 of storage at
4+2°C. The beverage manufacturing was done three
separated times.

Bacteriological analysis: All beverage samples were serial
diluted and subsequently plated, in duplicate, onto the
following selective media. The B breve was counted
according to Blanchette et a/® using modified MRS agar
supplemented with 0.05% L-cysteine-HCI. The plates were
incubated at 37°C for 48 h under anaerobic conditions. The
viable cell count of L. acidophilus was determined on MRS
agar plus 0.2 g/100 mL oxgall as described by Gilliland and
Walker®. The L. plantarum was determined by serial dilution
in peptone water-Himedia and seeded in De Man-Rogosa-
Sharpe agar (MRS-Himedia) according to De Souza et a/".
The plates were incubated at 37°C for 72 h under aerobic
conditions.

Chemical analysis: The composition of TNAE for moisture,
protein, fat, carbohydrates and ash was done according to
AOAC™. The changes in pH in the beverage samples during
storage period were measured using a laboratory pH meter
with a glass electrode (HANNA, Instrument, Portugal). The
concentration of acetaldehyde and diacetyl in the
beverage samples were measured using spectrophotometer
method as described by Lee and Jago' Radical
scavenging activity of permeate tiger-nut beverage was
estimated using a stable DPPH radical (DPPH) assay
according to Brand-Williams et a/*3.

Structure viscosity: Structure viscosity of the beverage
samples was measured at 7°C using a Brookfield digital
viscometer (Model DV-II, Canada) fitted with spindle-00. The
beverage samples were subjected to selected shear rates
ranging from 3.0-60.0 S~' for an upward curve. Structure
viscosity was expressed as mPa sec.

Color parameters: Hunter L, a and b parameters of beverage
samples were measured using a spectro-colorimeter
(Tristimulus Color Machine) with the CIE lab color scale
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(Hunter, Lab Scan XE-Reston VA, USA) in the reflection mode.
Where, L: Darkness from black (0) to white (100), a: Colour
red (+) to green (-), b: Colour yellow (+) to blue (-).

Sensory evaluation: Expert judges (males and females)
were selected from staff member of Department of Dairy
Science, National Research Center, Egypt, to evaluate the
taste (10 points), flavor (10 points), color (10 points) and
consistency (10 points) of the beverage samples. The
beverage samples were coded with three-digit random
numbers. Water and non-salted crackers were provided to
clean their palates between tasting.

Statistical analysis: Statistical analysis was performed using
the GLM procedure with SAS™ software. The differences
between treatments, storage and their interactions were
identified using two-way independent factorial analysis
of variance (ANOVA). Duncan’s multiple comparison
procedure was used to compare the means at significance
level of 0.05.

RESULTS AND DISCUSSION

Tiger-nut extracts percentage: The sensory evaluations of
the different tiger-nut's aqueous extract (TNAE) levels added
to UF-milk permeate to select the best addition level are
shown in Table 1. The score values of all sensory items
(consistency, flavor, taste and color) increased as the
concentration of TNAE increased. The increase was more
pronounced in the UF-milk permeate fortified with 30 and
40% TNAE than that fortified with 5, 10 and 20% TNAE
(p<0.05). Therefore, taking into consideration the production
cost, 30% TNAE was selected to produce the probiotic
permeate tiger-nut beverage.

Probiotic permeate tiger-nut beverage
Viable counts of probiotic bacteria: Table 2 exhibited the
changes in viable counts (A log,, CFU mL~") of the probiotic

Table1: Sensory evaluations of UF-milk permeate fortified with different levels
of tiger-nut aqueous extract

Tiger-nut aqueous extract (%) Consistency ~ Flavor Taste Color
5 5.18¢ 6.27° 5.72° 5.27°
10 5.45¢ 6.27° 6.27° 5.64°
20 6.91° 7.09% 7.552 7.36
30 8.18° 7.91° 8.00° 8.36°
40 9.00° 8.18° 8.27° 8.82°

Means with the same letters are not significantly different (p<0.05)
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Table 2: Viable counts (log,, CFU mL~") of probiotic bacteria in permeate-tiger nut beverage during storage period at 4+2°C for 10 days

Beverage treatments (log,, CFU mL™")

Organisms Storage period (day) Control T T, T,
Lactobacillus acidophilus 1 - 7.90 - 793
3 - 8.64 - 8.58
5 - 8.34 - 8.66
7 - 7.92 - 8.37
10 - 7.94 - 7.93
Bifidobacterium breve Bb-12 (DVS) 1 - - 8.60 8.13
3 - - 8.68 8.86
5 - - 8.80 8.69
7 - - 8.68 8.44
10 - - 8.57 8.13
Lactobacillus plantarum 1 - 8.35 7.90 7.80
3 - 8.91 8.74 8.81
5 - 8.80 8.54 8.49
7 - 8.61 7.89 8.25
10 - 8.35 7.81 7.75

Control: UF-milk permeate with 30% TNE and 5% sugar; T;: Control beverage with 1% L. plantarum and 1% L. acidophilus, T,: Control beverage with 1%
Bifidobacterium breve and 1% L. plantarum, T;: Control beverage with 1% L. plantarum, Bifidobacterium breve and 1% L. acidophilus

Table 3: Chemical properties and antioxidant activity of probiotic permeate-tiger nut beverage during storage period at 4+2°C for 10 days

Beverage treatments

Items Storage period (day) Control T, T, T,
pH 1 6.272 6.232 6.052 5.76®
5 5.98° 5.87% 5.63% 5.05¢
10 5.90° 5.24° 4859 4534
Acetaldehyde (umoL/100 g) 1 6.02% 6.40% 6.08% 5.68
5 5.08° 6.00% 8.56% 3.96°
10 4,92 5.92% 5.12% 2.56°
Diacetyl (umoL/100 g) 1 0.84¢ 0.92¢ 3.88¢ 3.60¢
5 1.84¢d 1.88¢ 4.56%® 6.08°
10 2.249 4.04¢ 4.52b¢ 9.042
Antioxidant activity (%) 1 4,194 8.680 7.21b¢ 6.78<
5 4419 8.90% 9.34% 10.22°
10 4714 8.43% 7.445 10.222

Control: UF-milk permeate with 30% TNE and 5% sugar; T;: Control beverage with 1% L. plantarum and 1% L. acidophilus, T,: Control beverage with 1%
Bifidobacterium breve and 1% L. plantarum, T;: Control beverage with 1% L. plantarum, Bifidobacterium breve and 1% L. acidophilus

bacteria (L. plantarum, B. breve and L. acidophilus) during
storage of the permeate-tiger nut beverage at 4£2°C for
10 days. In general, all probiotic bacteria slightly increased
until day 3 (p>0.05). In general, all probiotic bacteria slightly
increased until day 3 (p>0.05) and slightly decreased
thereafter (p>0.05). The decrease was not less than the
initial count (day 1). Similar trends were observed in the
production of probiotic yoghurt supplemented with
tiger-nut  extract', date palm and yoghurt syrups'® and
fermented soy milk'” where no significant difference (p>0.05)
in the viable counts of the fortified lactic acid bacteria starters
were observed.

Chemical properties: Chemical properties of permeate-tiger
nut beverage during storage period at4+2°C for 10 days are
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presented in Table 3. On day 1, pH value of control
beverage and T, exhibited higher pH value than T, and Tj;
the difference was not significant (p>0.05). During the storage
period, pH value decreased as the time of storage increased.
The decrease in pH value was significant at day 5 and 10 for
T; (p<0.05), whereas was significant only at day 10 for
T, (p<0.05). The low pH value in T; followed by T, may be
related to the presence of L. acidophilus, the primary
function of which is to produce lactic acid'®. However, the
decrease during storage in pH value for control beverage and
T, was not significant (p>0.05).

Acetaldehyde and diacetyl are the major aroma
compounds in cultured dairy products™. On day 1, there
was no significant difference (p>0.05)in the concentration

of acetaldehyde produced in probiotics containing
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Table 4: Color properties of probiotic permeate-tiger nut beverage during storage period at 432 °C for 10 days

Beverage treatments

Color properties Storage period (day) Control T, T, T,
L 1 71.38 70.81 72.06 70.68
5 66.59 69.35 72.01 72.86
10 67.53 70.08 72.68 71.94
a 1 -0.02 0.03 -0.12 033
5 0.27 0.25 0.15 -0.55
10 0.56 -0.23 -0.66 0.07
b 1 16.83 16.33 16.17 16.83
5 17.07 16.74 16.63 15.86
10 17.6 16.9 17.23 17.44

Control: UF-milk permeate with 30% TNE and 5% sugar; T;: Control beverage with 1% L. plantarum and 1% L. acidophilus, T,: Control beverage with 1%
Bifidobacterium breve and 1% L. plantarum, T;: Control beverage with 1% L. plantarum, Bifidobacterium breve and 1% L. acidophilus, L: Darkness from black

(0) to white (100), a: Color red (+) to green (-), b: Color yellow (+) to blue (-)

beverages compared with the control beverage (Table 3).
As the storage period increased, acetaldehyde content
decreased and diacetyl content increased. Acetaldehyde
content was the highest in T, and the lowest in T; atday
5and 10 (p<0.05), respectively. The content of acetaldehyde
may be positively related with pH value, decrease as a pH
value decrease. Inversely, the higher concentration of diacety!
content was found in T; at day 5 and 10. In mixed culture,
diacetyl production is enhanced by the rapid drop in pH2'.
Such result has been reported by Hassan et a/? in yoghurt
containing cress seed mucilage and guar gum.

As shown in Table 3, the antioxidant activity of
permeate-tiger nut beverage without probiotic bacteria
(control beverage) was the lowest as compared to all
probiotics containing beverages (p<0.05) at all storage
periods. That means fortification of beverage with probiotic
bacteria enhances the antioxidant activity. Both Shen et a/?
and Persichetti et a/2* showed that probiotic bacteria exhibit
significant antioxidant abilities both /n vivo and in vitro.
Lin and Yen? have reported that intracellular cell-free
extract of all L. acidophilus, L. bulgaricus, S. thermophilus
and B Jongum demonstrated antioxidative activity with
inhibition rates of ascorbate autoxidation in the range of
7-12%. However, no significant difference was found in the
antioxidant activity among all probiotic beverage treatments
(p<0.05), even if the antioxidant activity was numerically
higherin T; atday 5 and 10.

Physical properties

Color parameters: As shown in Table 4, there was no much
difference in whiteness, redness and yellowish degree of all
probiotic permeate-tiger nut beverage compared with
control beverage. On day 1, the whiteness, redness and
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yellowish degree were ranged from 70.68-72.06, -0.12 to
0.33 and 16.17- 16.83, respectively. As the time of storage
increased, the whiteness degree reduced and redness
increased in control beverage (without probiotic bacteria),
while were more stable in all probiotics containing beverages.
Stability of whiteness degree with the time storage may be
associated with antioxidant activity?s, which was higher in
probiotics containing beverages compared to control
beverage (Table 3). Inversely, the yellowish degree slightly
increased as the time increased in all beverage treatments.

Structure viscosity: Structure viscosity of permeate-tiger
nut beverage during storage period at 4£2°C for 10 days is
shown in Fig 1. In general, the structure viscosity of all
permeate-tiger nut beverages was gradually decreased
along with the increase of the shear rate, which reflected that
all the beverage treatments show shear-thinning behavior.
Onday 1, there was no much difference in structure viscosity
among all beverage treatments at different shear rats. The
structure viscosity of control beverage was higher than that
of probiotics containing beverages at day 5 and 10. Similar
observations were found by El-Shenawy et a/'™. The change
in pH value which affect the ionic bonds and hydrogen bonds
and the probiotic bacteria which able to produce amylase
enzyme, decrease the molecular association between starch
chains and hydrolyze the starch chains and hence decrease
the viscosity. However, T, exhibited the lower viscosity
compared with other probiotics containing beverages.

Sensory properties: Sensory properties of permeate-tiger nut
beverages during storage period at 4+2°C for 10 days are
presented in Table 5. The results revealed that there was no
significant difference in consistency and color attributes



Viscosity (mpa.s)

Viscosity (mpa.s)

Viscosity (mpa.s)

90

80

70

60 4

50

40 1

30

20

Pak. J. Biol. 5ci,, 22 (4): 180-187, 2019

(a) —O— Control
-+ T
T,
> T,

90

80

70

60

50

40

30 1

20 1

Shear rate (S7')

(b)

90

80

70

60 1

50

40 1

30

20

Shear rate (S~

(©)

Shear rate (S7")

Fig. 1: Structure viscosity of permeate-tiger nut beverage during storage period at 4£2°C for 10 days

Control: UF-milk permeate with 30% TNE and 5% sugar, T;: Control beverage with 1% L. plantarum and 1% L. acidophilus, T,: Control beverage with 1%
Bifidobacterium breve and 1% L. plantarum, T;: Control beverage with 1% L. plantarum, Bifidobacterium breve and 1% L. acidophilus

(p>0.05) of probiotics containing beverages compare with
control beverage at different storage periods. Also, the
differences were not significant in flavor and taste attributes
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among control beverage, T, and T,. At the same time, the
flavor and taste attributes of T; was the lowest value at day 5
and 10, which was not clean and more acidic.
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Table 5: Sensory properties of probiotic permeate-tiger nut beverage during storage period at 4%2°C for 10 days

Beverage treatments  Storage period (days) Consistency Flavor Taste Color
Control 1 8.40° 7.90° 7.75° 7.70°
5 9.172 7.83° 7.92° 8.50°
10 9.212 7.54° 7.54° 7.70°
T, 1 8.40° 8.10° 8.00° 8.00°
5 9.17°2 7.90° 8.17° 9.00*
10 9.122 7.45° 7.83° 8.54?
T, 1 8.50° 7.30° 7.10° 7.80°
5 9.172 7.502 7.7° 9.00?
10 8.90° 7.65° 7332 8.10°
T; 1 8.40° 7.50° 745° 8.00°
5 9.332 5.50° 5.00° 9.00*
10 8.452 5.45P 5.00° 8.45°

Control: UF-milk permeate with 30% TNE and 5% sugar, T;: Control beverage with 1% L. plantarum and 1% L. acidophilus, T,: Control beverage with 1%
Bifidobacterium breve and 1% L. plantarum, T;: Control beverage with 1% L. plantarum, Bifidobacterium breve and 1% L. acidophilus

CONCLUSION

From the previous results, the use of 65% UF-milk
permeate, 30% tiger-nut extract and 5% sugar fortified
with probiotic strains of Lactobacillus acidophilus with
Lactobacillus plantarum (1:1) or Lactobacillus acidophilus
with Bifidobacterium breve (1:1) can produce acceptable
and stable healthy food drink for storage up to 10 days at
4£2°C.

SIGNIFICANCE STATEMENT

This study was a trail to combined the healthy benefits
of the tiger-nut extract with the milk permeate, drain-waste
in dairy industries and the probiotic bacteria, as a mixture, to
produce a healthy/nutritive beverage that can be beneficial
for abdominal/gastroenteritis discords and even for healthy
consumers. It will help the researcher to uncover the possible
different uses of tiger-nut extract as well as the milk permeate
that not complete yet.

ACKNOWLEDGMENT

This work was totally supported through the research
project No. 11040107 funded by the National Research
Center, Cairo, Egypt.

REFERENCES

1. Devries, F. and T. Feuke, 1999. Chufa (Cyperus esculentus)
A weedy cultivar or cultivated weed? Econ. Bot., 45: 27-37.

2. Abaejoh, R, I. Djomdi and R. Ndjouenkeu, 2006.
Characteristics of tigernut (Cyperus esculentus) tubers and
their performance in the production of a milky drink. J. Food
Process. Preserv., 30: 145-163.

186

Okafor, JN.C,, J.I. Mordi, A.U. Ozumba, H.M. Solomon and
0. Olatuniji, 2003. Preliminary studies on the characterization
of contaminants in tigernut (Yellow variety). Proceedings of
the 27th Annual Nigerian Institute of Food Science and
Technology Conference, October 13-17, 2003, Kano, Nigeria,
pp:210-211.

Abd El-Salam, M.H., G.A. Mahran, H.F. Haggag, M.B. Mahfouz
and A. Zaglol, 1991. Manufacture and properties of
beverages based on fermented permeate and natural
fruit juices. Chemie Mikrobiol. Technol. Lebensmittel,
13:95-101.

FAO/WHO., 2006. Probiotics in food: Health and nutritional
properties and guidelines for evaluation. FAO Food and
Nutrition Paper No. 85, World Health Organization and Food
and Agriculture Organization, Rome, Italy.

De Vrese, M. and J. Schrezenmeir, 2008. Probiotics, prebiotics
and synbiotics. Adv. Biochem. Eng. Biotechnol., 111: 1-66.
Lubbers, S., N. Decourcelle, N. Vallet and E. Guichard, 2004.
Flavor release and rheology behavior of strawberry
fatfree stirred yogurt during storage. J. Agric. Food Chem.,
52:3077-3082.

Blanchette, L., D. Roy, G. Belanger and S.F. Gauthier, 1996.
Production of cottage cheese using dressing fermented by
bifidobaceria. J. Dairy Sci., 79: 8-15.

Gilliland, S.E.and D.K. Walker, 1990. Factors to consider when
selecting a culture of Lactobacillus acidophilus asa dietary
adjunct to produce a hypocholesterolemic effect in humans.
J. Dairy Sci., 73: 905-911.

De Souza, AH.P., G.AAN. Costa, LH. da Silva Miglioranza,
L. Furlaneto-Maia and A.F. de Oliveira, 2013. Microbiological,
physical, chemical and sensory characteristics of milk
fermented with Lactobacillus plantarum. Acta Scientiarum.
Health Sci., 35: 125-131.

. AOAC, 2007. Official Methods of Analysis. 18th Edn.,

Association of Official Analytical Chemists, Washington, DC.,
USA.



12.

13.

14.

15.

16.

17.

18.

19.

Pak. J. Biol. 5ci,, 22 (4): 180-187, 2019

Lee, GJ. and G.R. Jago, 1970. The estimation of diacetylin
the presence of other carbonyl compounds. J. Dairy Res.,
37:129-132.

Brand-Williams, W., M.E. Cuvelier and C. Berset, 1995. Use of
a free radical method to evaluate antioxidant activity.
LWT-Food Sci. Technol., 28: 25-30.

SAS.,2004.SAS User's Guide: Statistics. SAS Institute Inc., Cary,
NC., USA.

El-Shenawy, M., M. Abd El-Aziz, W.I. EI-Kholy and M.T. Fouad,
2012. Probiotic yoghurt manufactured with tiger-nut extract
(Cyperus esculentus) as a functional dairy food. J. Agric. Res.
Nat. Resour., 1: 20-31.

Hussein, AM.S., M.T.Fouad, M. Abd El-Aziz, N.E.N. Ashourand
EAAM. Mostafa, 2017. Evaluation of physico-chemical
properties of some date varieties and yoghurt made with its
syrups. J. Biol. Sci., 17: 213-221.

Bedani, R., E.A. Rossi and S.M.l. Saad, 2013. Impact of inulin
and okara on Lactobacillus acidophilus La-5 and
Bifidobacterium animalis Bb-12 viability in a fermented
soy product and probiotic survival under /n vitro simulated
gastrointestinal conditions. Food Microbiol., 34: 382-389.
Tachedjian, G., M. Aldunate, C.S. Bradshaw and R.A. Cone,
2017. The role of lactic acid production by probiotic
Lactobacillus species in vaginal health. Res. Microbiol.,
168:782-792.

Gilliland, S.E., 1985. Bacterial Starter Cultures for Food.
1st Edn., CRC Press Inc, Boca Raton, Florida, USA,
ISBN-13: 9781315890968, Pages: 213.

187

20.

21.

22.

23.

24.

25.

26.

Beshkova, D., E. Simova, G. Frengova and Z. Simov, 1998.
Production of flavour compounds by yogurt starter cultures.
J.Ind. Microbiol. Biotechnol., 20: 180-186.

Law, B.A, 1981. The formation of aroma and flavour
compounds in fermented dairy products. Dairy Sci. Abstr.,
43:143-154.

Hassan, LK., H.F. Haggag, M.H. ElKalyoubi, M.A. El-Aziz,
M.M. El-Sayed and AF. Sayed, 2015. Physico-chemical
properties of yoghurt containing cress seed mucilage or guar
gum. Ann. Agric. Sci., 60: 21-28.

Shen, Q., N. Shang and P. Li, 2011. /n vitro and in vivo
antioxidant activity of Bifidobacterium animalis 01 isolated
from centenarians. Curr. Microbiol., 62: 1097-1103.
Persichetti, E., A. De Michele, M. Codini and G. Traina, 2014.
Antioxidative capacity of Lactobacillus fermentum LF31
evaluated /n vitro by oxygen radical absorbance capacity
assay. Nutrition, 30: 936-938.

Lin, M.Y.and C.L. Yen, 1999. Antioxidative ability of lactic acid
bacteria. J. Agric. Food Chem., 47: 1460-1466.
Majumdar, R.K., A.Saha, B. Dhar, P.K. Maurya, D. Roy, S. Shitole
and AK. Balange, 2015. Effect of garlic extract on
physical, oxidative and microbial changes during
refrigerated storage of restructured product from Thai
pangas (pangasianodon hypophthalmus) surimi. J. Food
Sci. Technol., 52: 7994-8003.



