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Abstract
Fermented milk are widely consumed for their benefits and refreshing effects. It was made with cow's milk produced by three

probiotic bacteria Lactobacillus plantarum, Bifidobacterium bifidum and Lactococcus lactis subsp. lactis
biovardiacetylactisMD 099(1:1:1). Low cholesterol fermented milk beverage was prepared from 3%fat (control), and clear
low cholesterol butter oil by adding 5% B cyclodextrin was mixed with skim milk and homogenized to obtained 1, 2 and 3%
low cholesterol milk. The sensory properties and cell viability of the fermented products were evaluated. The gross chemical
composition, pH, flavor components (acetaldehyde and diacetyl) and viscosity were determined. The results it is possible to
successfully prepared Low cholesterol fermented milk beverage of 3% fat (2.4mg cholesterol /100ml) which is lower than
the control 3% fat (12.4 mg cholesterol /100ml). Counts increased gradually during first day of incubation tell the end of 5%
days then decreased gradually. The control and treatments samples contained the recommended levels of survival cells (106
107 CFU/g) probiotic bacteria at the end of 10 days. Statistical analysis of odor intensity, acidity, creaminess and viscosity
were sensory evaluated. This fermented milk T3 was of excellent organoleptic characteristics which were almost very close to
the control one.
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image [7, 8], which can be further enhanced by the

Introduction _ _ addition of probiotic bacteria with therapeutic
Although dairy products in general have the image of properties [9, 10]. Probiotics — living microorganisms

healthy foods, this image is often not perceived for that when consumed in sufficient amounts provide
products with a high fat content such as butter, health benefits beyond basic nutrition are emerging

cream, and certain type of cheeses and beverage [1, as important dietary ingredients in functional foods.
2]. The World Health Organization and the American The majority of probiotics are lactic acid bacteria,

Heart Assc_)ciation haV? recommended that consumers especially lactobacilli, and bifidobacteria. Factors
reduce their consumption of saturated fatty acids and related to technological and sensory aspects of the

cholesterol to lower the risk of coronary heart probiotic food products are of utmost importance

disease. Today there is growing interest in the since only by satisfying the demands of consumers
manufacture of cholesterol-reduced dairy products. can the food industry succeed in promoting the

Several studies on a laboratory scale have indicated consumption of functional products in the future
that cholesterol removal from homogenized milk and [11,12].

cream was most effectively achieved by B- It has been almost medically settled that
cyclodextrin (B-CD) powder [3].

Fermented milk products are widely consumed for
their benefits and refreshing effects. It could be thrombosis,  biliary ~ cirrhosis, liver  necrosis,
saying that their popularity attributed to the effective gallstones, cardiovascular disorders and other adverse
use of consumer-driven flavors and milder cultures biological effects. Boyed and Mcguire [13],
[4-6]. These products already have a positive health

hypercholesterolemia is precursory to breast cancer in
women, cancerous growths in tissues, atherosclerosis,
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Oakenfullet al [14] and Peter [15]; are amongst those
many who emphasized the momentousness of
cholesterol level diminution in diets.

Experimental

Fresh cow's milk was (12.61%) total solids (T.S),
(3.3%) fat, (3.2%) total protein (T.P), (4.85%)
lactose, (0.65%) Ash. It was obtained from the farm
of Faculty of Agriculture, Cairo University, Egypt.
-Strains belonging to Lactobacillus plantarum and
Bifidobacterium bifidum were obtained from the
agent of Chr. Hansens Laboratory Denmark A/S. and
Lactococcus lactis subsp. lactis
biovardiacetylactisMD 099 were obtained from
EZAL Group Rhone-Polanc Z. Ade Buxires BP-10,
88220 DangeSainaii-Romain-France.

- The pB- Cyclodextrin was obtained from
FlukaChemieGmbh CH -9471 Buchs, 081/75525 11
Sigma — Aldrich PFd — 89552 Steinheim 07329/970,
Switzerland.

Activation of the bacterial strains

Cow’s milk heated to 80°C for 15 min, and then
rapidly cooled to 40°C. Three probiotic bacteria:
Lactococcus lactis subsp. lactis biovardiacetylactis,
Lactobacillus plantarum and B. bifidum (1:1:1) were
added at the level of 3% (w/v) served as mixed active
starter culture into the milk.

BEVERAGE Manufacture:

The milk was divided to four portions: The first part
was standarezed to 3% fat and used as a control as
one control. The second, third and fourth treatments
were added low cholesterol butter oil with different
concentrations (1, 2, and3%) by adding from 5%
solution of B- cyclodextrin as described by [3, 16],
were mixed with skim milk and homogenized to
1% (T1), 2%(T2) and 3%(T3) low cholesterol fat.

The 4 treatments was heated at 90°C / 5 min , then
cooled at 35°C. Lactobacillus plantarum,
Lactococcus lactis subsp. lactis
biovardiacetylactisand  B. bifidum(1:1:1) were
added at the rate of 3% (w/v) served as mixed starter
culture into the milk. The inoculated milk were
stirred gently and incubated at 35° C until the acidity
reached 0.7%, The resultant coagulation of all
treatments was homogenized, all treatments filled
into bottles and were stored in refrigerated at 8+1°C .
The resultant low cholesterol fermented milk
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beverage was analyzed as fresh and after of 3, 5, 7
and 10 days of storage.

Method of analysis:-

Physicochemical determinations: The total solids,
titratable acidity, total protein and non protein
nitrogen contents of low cholesterol fermented milk
beverage were determined according to A.O.A.C.
[17]. The pH value of the fermented milk was
measured using digital pH meter (HANNA,
Instrument, Italy) with combined glass electrode.
Total cholesterol was determinates as described by
Pantuluet al [18]. Acetaldehyde was determined as
mentioned by Less and Jago [19], while diacetyl
content was estimated as described by Less and Jago
[20]. Samples were analyzed at 1, 5, 7 and10 days.
Viscosity was measured in fresh samples at 7°C using
a Brookfield digital viscometer (Model DV-
I1+VISCOMETER, Spindle-00). The speed was set
from 3to100 rpm. Three readings, 30 s apart, were
recorded for each sample.

Activation of the bacterial strains:

Bifidobacterium bifidum, L. plantarum and
Lactococcus lactis subsp. lactis
biovardiacetylactiswere activated individually by
three successive transfers in modified MRS and M17
followed by three successive transfers in sterile 10%
reconstituted skim milk powder and incubated at
37°C for 48 h under anaerobic conditions cultures
were prepared 24 h before used .

Bacteriological Analysis

Samples preparation:

Twenty five ml of each sample was mixed and
homogenized in sterile mixer, and diluted with
buffered peptone water to make the sufficient
dilutions for the microbiological analysis. Ten-fold
dilutions of homogenates samples were prepared and
inoculated onto plates of selective media. Viable cell
count of L. lactisssdiacetylactiswere enumerated on
M17 agar (oxoid) after aerobic incubation at 30°c for
48h [21]. L. plantarum was determined on MRS
selective agar [22]. plates were incubated at 37°C for
4 days.Bifidobacterium bifidum was determined
according to El-Shenawy et al. [23], using modified
MRS agar (oxoid) supplemented with 0.05% L-
cystein- HCIl (Merck, Germany). Plates were
incubated at 37°C for 48h. under anaerobic conditions
(BBL Gas pak, Becton Dickinson, Cockeysvile MA
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USA). Coliform group was determined using solid
medium method onto plates of violet red bile agar
medium; plates were incubated for 24 hrs at 35°C
[24]. Enumeration of Staphylococcus aureus in
samples was carried out by spreading 0. ml of each
of sufficient (expected) dilution onto the surface agar
medium Mannitol salt agar (Oxoid Ltd., England),
media supplemented with egg yolk and potassium
tellurite solution. Plates were incubated at 37°C for
48 hrs [25]. Enumeration of yeasts and moulds were
carried out using the potato dextrose agar medium.
Plates were incubated at 25°C for 3-7 days [26,27].
Sensory evaluation

Panel selection: Eleven trained panelists were
selected among the staff of Dairy Science
Department, National Research Center, Cairo, Egypt.

Statistical analyses
Statistical analyses were performed using the GLM

multiple comparison procedure was used to compare
the means. A probability to P<0.05 was used to
establish the statistical significance.

Results and discussion

Physicochemical determinations

Viscosity:

Figure (1) shows that the viscosity of resultant Low
cholesterol fermented milk beverage increased
significantly as fat percent was increased in the
prepared Low Cholesterol Low cholesterol
fermented milk (LCFMB) either fresh or at all the
storage period up to the 7thday of storage, and then
slightly decreased up to the end of the storage period
. Also, viscosity of LCFMB of 3% fat did not
significantly differed in compare with control one.
Similar results were also noticed by Tamime and
Robison[29] and Alroubaiya [30].

rocedure with SAS [28]. Software. Duncan's
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Figure (1): Changes in Viscosity (cP) of the low cholesterol fermented milk beverage during the storage periods at 8 + 1° C.

Total solids content:

Results in Table (1) the total solids content of
LCFMB decreased significantly as the total fat of the
fermented milk was decreased from T1 to T2 and up
to T3 at fresh and during storage period. Also, total
solids content tended to increase slightly as the
storage period prolonged. The obtained slight

increase in total solids may be attributed to the
development of acidity and also, to the natural
evaporation. These obtained results are in agreement
with those reported by Abou-Dawood and Abdou
[31], Ibrahim et al, [32]. and Salem et al, [33].

Table (1): Changes of total solids percent of the low cholesterol fermented milk beverage during the

Storage periods at 8 + 1° C.

Treatment Storage period (days)

Fresh 3 5 7 10
Control 3% fat 12.602 12.622 12.652 12.718 12,792
T1 11.40¢ 11.40¢ 11.43° 11.44° 11.49°
T2 11.65° 11.69° 11.75° 11.79° 11.84°
T3 12.152 12.182 12.212 12.252 12.282

The same capital letters between columns or rows are not significantly (p< 0.05).

T1=1% Low cholesterol fat T2=2% Low
cholesterol fat  T3=3% Low cholesterol fat

Egypt. J. Chem. 65, No. 12 (2022)
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pH and titratable acidity(T.A) :

Table (2) shows that no significant differences were
noticed between all treatments of LCFMB and
control in the pH values. Meanwhile, results reveal a
slight decreased in pH during storage period of all
treatments. The obtained results are in agreement
with those reported by Ghalabet al [34], and
Alroubaiya [30]. Table (3) indicates that the acidity
of all treatments slightly increased as the storage
period prolonged. Tamime and Deeth [35] and Abd
El Salam et al [36] reported similar results.

Total protein content (T.P):

No significant differences in total protein, between
the different treatments when fresh and during
storage period.

Non- protein nitrogen (N.P.N) / Total nitrogen
(TN) percent.

Results in Table (4) indicate no significant
differences in  NPN/TP percent, between all
treatments at fresh and during storage period. It is
also clear from table (6) that the NPN /TP percent
increased with advance of storage period. Similar
results were noticed by Rosic and Kurmann [37] and
Tamime and Deeth [35].

Table (2): Changes of pH value of the low cholesterol fermented milk beverage during the storage periods

at8 +1°C.
Treatment Storage period (days)
Fresh 3 5 7 10
Control 4.802 4772 4.67° 4517 4.49°
T1 4.77% 4.69° 4.61% 4.46° 4.42°
T2 4,740 4.66° 455" 4532 4.46°
T3 4.77% 4.69° 4.56° 4.49° 4.45°2

The same capital letters between columns or rows are not significantly (p< 0.05).

T1= 1% Low cholesterol fat

Table (3): Changes of titratable acidity of the low cholesterol fermented milk beverage during the Storage

T2= 2% Low cholesterol fat

T3=3%

periods at 8 + 1° C.

Low cholesterol fat

Treatment Storage period (days)

Fresh 3 5 7 10
Control 0.77° 0.78° 0.83? 0.882 0.922
T1 0.79° 0.842 0.872 0.892 0.932
T2 0.83% 0.832 0.872 0.922 0.952
T3 0.79% 0.822 0.852 0.912 0.952

The same capital letters between columns or rows are not significantly (p< 0.05).

T1=1% Low cholesterol fat T2=2%

Table (4): Change in Non protein nitrogen (N.P.N) / Total nitrogen (TN) percent of low cholesterol
fermented milk beverage during the storage period at 8 + 1°C.

Low cholesterol fat

T3=3%

Low cholesterol fat

Treatment Storage period (days)
Fresh 3 5 7 10
Control 7.86 9.01 10.12 15.00 17.13
T1 7.26 8.41 9.53 13.34 16.33
T2 7.55 8.94 10.50 14.38 17.56
T3 7.71 8.64 9.42 15.81 17.66
T1=1% Low cholesterol fat  T2=2% Low cholesterol fat T3=3% Low cholesterol fat

Acetaldehyde content:
Results indicate that the acetaldehyde content
significantly developed as the storage period was

Egypt. J. Chem. 65, No. 12 (2022)

advanced. This is true at any of the prepared LCFMB
of different fat contents as it is clear in Figure (2).
Also, LCFMB T3 was very close to the control one.
Similar results were reported by Mehannaet al, [38],
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Rhomet al, [39], Salama [40], Zedanet al., [41] and

Alroubaiya [30].
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Figures (2, 3): Changes of Acetaldehyde and diacetyl (umol/100gm) content in low
cholesterol fermented milk beverage during storage at 8 +1°C.

Diacetyl content:

Diacetyl content of the resultant LCFMB in Figure
(3) gradually increased as the storage period
prolonged up to the 5"day , then strongly dropped at
the 7 Mand 10 ™day. Such decreased in diacetyl
content could be due to transferring the diacetyl to
acetaldehyde. As previously reported by Tamime and
Robinson [42]. Highest diacetyl content was for the
control fermented milk is close to the prepared
LCFMB T3. Similar results were recorded by Y ossef
[43] and EL- Senaity [44].

Cholesterol content:

Data in Table (5) shows that the cholesterol content
of all LCFMB treatments was substantially increased
as the fat content increased. But, they were
significantly lower than control one. This decrease is
more likely due to the role of B-cyclodextrin in
reducing cholesterol content. Cholesterol content
decreased at the end of storage period for all types of
LCFMB and the control one, such decrease was more
likely due to the role of lactic acid bacteria and its
fermentation in reducing cholesterol content [34].

Table (5): Changes in cholesterol (mg/100 ml) of the low cholesterol fermented milk beverage during the
storage periods at 8 + 1° C.

Treatment Storage periods (days) Reduction%
Fresh 10 Fresh 10
Control 12. 42 6. 592 0.0¢ 46.85°
T1 1.78P 1. 06° 85.652 91.452
T2 2.1° 1.22° 83.06% 90.162
T3 2 .46" 1.33P 80.16° 89.272

The same capital letters between columns or rows are not significantly (p< 0.05).
T1=1% Low cholesterol fat ~ T2=2% Low cholesterol fat T3=3% Low cholesterol fat

Egypt. J. Chem. 65, No. 12 (2022)
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Microbiological analysis

The Effect of low cholesterol fermented milk
beverage treatments on the viability of probiotic
bacteria is presented in Figure (4). Their maximum
increased was at the 5"day of storage, then trend
decrease gradually till the end day of storage.
Whereas the control sample reached the maximum
level of viability in the 3" days then decreased
gradually to the end day. The reduction in humber of
probiotic strains may be due to the sensitively of
these bacteria to the acid produced during the storage
period. Viability of B. bifidum, L. plantarum and L.
lactisssdiacetylactiscouldbe due to the effect of zinc
salts which activated their growth. In this respect
these results are in agreement with Magdoubet al,
[45].who reported that zinc accelerate the growth rate
of another bacteria strains were tested,(L. lactis spp.

Lactis, S. thermophilus, L. delbruckiisppbulgaricus) .
Generally, numbers of all probiotic bacteria remained
more than 106cfu/ml in all treatments, until the end
of storage period. A minimum of 108 -107 viable
microorganisms per gram or milliter should be
present in food product in order to meet the
requirements of a probiotic food, as by the Japanese
fermented milk and lactic acid bacteria beverages
association [46]. All samples were free of Coliforms,
Moulds and Yeasts when fresh and hroughout storage
period (10 days) at refrigerator temperature 8 £1° C
as result of hygienic condition during the preparation
with, or by the fact that diacetyl is generally
considered to be an antimicrobial agent because of
the presence of two reactive carbonyl moieties in the
molecule as by Lopez de Felipe et al., [47].

Lactococcus lactis subsp. lactis biovar diacetylactis
€ 8
q\E S5 H Control
[&]
o> EmT1
3
7 T2
Fresh 3 5 7 10 =73
Days
Lactobacillus plantarum
_9
1S u Control
qg 8 mTl
D
S T2
’ mT3
Fresh 3 5 7 10
Days
Bifidobacterium bifidum
_ 9
€
< 85 m Control
€ 8
G mTl
g75
. T2
Fresh 3 5 7 10 mT3
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Figure (4): Effect of low cholesterol fermented milk beverage on L. lactis ssp. diacetylactis; B. bifidum and L.

plantarumduring the storage periods at 8 + 1°C
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Organoleptic properties:

Table (6) showed that the flavor score of T3 LCFMB
was of good flavor and very close to the control both
fresh and during storage period. No appreciable
differences were obtained for the acidity of the
LCFMB was more likely close to the control. Similar
results were recorded by Alroubaiya [30].

Prepared LCFMB of high viscosity was noticed when
its T2 and T3 which were almost similar to the
control treatment of 3% fat. Also, viscosity of the

LCFMB and the control were slightly decreased as
the storage period increased. The appearance score of
the resultant LCFMB was similar for the T2 or T3,
which are more or less similar to the control. In
general the highest total score of the organoleptic
properties resultant LCFMB was for the control
followed by 3, 2 and 1% fat LCFMB when fresh and
at 3 days of storage. However, the LCFMB of T3 was
of higher score than the control one up to the end of
storage period.

Table (6): Organoleptic properties of low cholesterol fermented milk beverage during the storage periods

at8+1°C.
Storage Organoleptic properties
period  Treatments Flavor Viscosity Acidity Appearance Total
(days) (45)points (30)points (10)points (15) points (100) points
Control 402 262 82 142 882
Fresh T1 342 242 78 122 778
T2 392 252 62 132 83t
T3 392 252 78 132 842
Control 428 242 82 132 872
3 T1 33b 220 78 132 752
T2 418 252 62 132 852
T3 402 252 82 132 862
Control 408 232 8? 122 83?2
5 T1 33P 212 6P 132 732
T2 388 23 6P 122 792
T3 409 242 8? 132 852
Control 40° 212 82 128 812
7 T1 320 218 5P 132 718
T2 372 232 6 122 782
T3 392 222 78 132 812
Control 392 222 7P 122 802
10 T1 30° 202 5ab 122 672
T2 362 222 6 122 762
T3 392 232 72 122 812

The same capital letters between columns or rows are not significantly (p< 0.05).

T1=1% Low cholesterol fat

CONCLUSION

B -Cyclodextrins can be used for cholesterol
removal from milk and dairy products.Nutritional,
textural, and flavour characteristics of milk are
not considerably affected.
So, while long-lasting consumption of low-
cholesterol milk and dairy products can play a
significant role in the decrease of CVD
occurrence, production of these products should
rise in the next years, which would be in line with
current trends of functional foods consumer'
interest.

Egypt. J. Chem. 65, No. 12 (2022)

T2=2% Low cholesterol fat

T3=3% Low cholesterol fat
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