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ABSTRACT

ARTICLE INFO

During last decades, consumer awareness in importance of healthy intake has led
their tendency towards the potential health benefits of particular foods and
food ingredients. These conditions resulted in development of functional foods. In
the current research, the effect of different concentrations of demineralized
ultrafiltrated whey powder (DUWP) at levels of 0, 1 and 2% (W/V) and lactulose
at levels of 0 and 1% (W/V) on symbiotic ultrafiltrated cheese were evaluated as a
functional food. The color values, total acceptability and survival ability of
Bifidobacterium bifidium during 60 days of storage at 4 °C were studied. Results
showed that as the amount of lactulose and DUWP powders increased, the number
of probiotics enhanced meaningfully, while the number of probiotic bacteria
deceased with passing the storage time (p<0.001). However, the count of probiotic
bacteria in samples containing lactulose and 1 or 2% DUWP at the end of 60 days
of storage time were in the standard range of probiotic foods (>10" Log cfu/g).
The colorimetric results showed that as the amount of DUWP and the storage time
increased, the lightness (L*) decreased significantly (p<0.001); but addition of
both powders had no significant effect on a* and b* values. Based on the obtained
results, the synbiotic cheese containing 1% DUWP and 1% lactulose powder as
compare to control sample had a higher count of probiotic bacteria. Meanwhile,
no differences in color quality and total acceptability were found between these
two samples. Therefore, this synbiotic ultrafiltrated cheese was determined as the
best functional cheese sample.
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1. Introduction

Today, there are more than hundreds of
types of cheese in the world, each of which
has its own characteristics. One of the types
of cheese is ultra-refined cheese. Iranian
white cheese with ultra-refining method has
the highest per capita consumption in Iran.
In recent years, the use of ultra-refining
process for cheese production has attracted
much attention worldwide. This cheese is
consumed immediately after production.)[.

During the last few decades, the attention
to nutrition science (the effect of diet on
health and well-being) is increasing
strongly. This has led to the design of new
and healthier foods that reduce the risk of
several chronic diseases. Foods designed in
this way, functional foods® or they are called
utilitarian. FromExamples of functional
foods include foods containing biologically
active  substances or  phytochemical
compounds (vitamins, polyphenols, fatty
acids, antioxidant compounds, etc.), dietary
fibers, and foods containing probiotics. If
prebiotic compounds are used together with
probiotics, the term "synbiotic” is used, and
this combination helps to improve the
viability of probiotics in the product and
expand the health benefits in the host.
Synbiotic products are also in the category
of functional foods.Y.[

One of the desirable features of synbiotic
products is to improve the survival of
probiotic bacteria in manufacturing and
storage conditions as well as during passage
through the digestive system. The viability
of probiotics in foods is often affected by
adverse environmental conditions in food
matrices such aspH Acidity and the presence
of such compounds H,0,is limited. On the
other hand, the presence of prebiotic
compounds has a positive effect on their
survival, and therefore, a wide range of

1 .
- Functional food
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prebiotics have been introduced as probiotic
protectors in milk-based foods and other
foods.Y.[

In order to survive, microbial strains must
have the ability to resist bile salts in the
small  intestine, stomach  conditions,
enzymes in the small intestine, and toxic
metabolites produced during the digestion
process. A necessary condition for the
therapeutic effects of probiotic bacteria is
their resistance and survival.]¢[. Among the
probiotic bacterial strains with beneficial
effects that can be used in fermented
products is Bifidobacterium strain..[

Bifidobacterium is an anaerobic lactic
acid producing bacterium. Bifidobacterium
bacteria are non-motile, non-sporing, gram-
positive and anaerobic bacteria that make up
a large part of the intestinal microflora of
humans and other animals. These bacteria
play a very important and effective role in
limiting the formation of exogenous and
pathogenic colonies. The presence of these
bacteria in the human intestine has health-
enhancing effects.  Probiotic  bacteria
maintain the balance and improve the
microflora population of rivers with their
biological activity. .[

In addition to having prebiotic properties,
lactulose is an effective drug in the
treatment or prevention of many diseases.is
used]Y[. In addition, lactulose works well in
absorbing calcium and creates favorable
mechanisms in regulating the immune
system as well as beneficial effects on lipid
metabolism and reducing the risk of
cardiovascular diseases.Lactulose is
produced by isomerization of lactose by
chemical and enzymatic methods. A large
number of catalysts such as alkaline agents,
mixing reagents and enzymes are used for
the isomerization of lactose to lactulose.]Al.

Milk is the only suitable food for the
evolution of mammals. Milk is a good
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source for providing energy needed by
humans because it is a source of
carbohydrates (lactose), a source of nitrogen
(proteins) and a rich source of calcium
suitable for bones. Also, milk has other
benefits, for example, many of the biological
activities of milk are related to the
components present in  milk, which
biologically active components are mainly
present in milk serum or whey.%[. Blue
cheese is a by-product of cheese production.
This yellow liquid contains a lot of lactose
and mineral compounds such as calcium and
phosphorus. Considering the high biological
value of whey proteins compared to casein
and egg proteins, its use as a nutrient has
become important. ) :.[Nowadays, cheese
protein products are used as a valuable
component in the production of food
products because of their excellent nutrients
with unique functional characteristics and
high nutritional value.]11 and 12.From
cheese, products such as protein products,
derivatives of serum proteins
(lactoparasidase, lactoferrin), peptide
concentrates and solutions such as calcium
salts are obtained. It should be noted that
whey is one of the sources of organic
pollution, and the use or disposal of whey
has been the main concern of dairy industry
experts around the world, because whey is
an important environmental pollutant. On
the other hand, this material contains
valuable components that should not be
wasted, and its organic compounds such as
protein, lactose and fat can be recycled by
various biotechnological processes and
reused as a food component. Today, a
significant volume of afterwater or rennet
resulting from the ultra-refining process
(permeate) is created during the preparation
of cheese, which contains completely
different compounds compared to the usual
rennet. Compared to the powder made from
sweet cheese, the product made from Permit
cheese has a relatively lower quality; The
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powder prepared from Permit contains more
lactose and salts and less amount of cottage
cheese proteins. Therefore, in order to
increase the usability of Permit powder in
the formulation of food products, the
amount of its salts has been reduced, and in
this way, a product called ultra-refined water
cheese powder with reduced salts.’DUWP) is
produced and marketed] Y[. Therefore, the
present study was conducted in order to
investigate the effect of adding lactulose
powders and powdersDuwpP As prebiotic
compounds, the viability of probiotic
bacteria was investigated, as well as the
color characteristics and general
acceptability of synbiotic ultra-refined
cheese.

2- Materials and methods
Y-V- Materials used

In order to produce ultra-refined cheese
samples, high quality cow's milk available in
Pegah Khuzestan factory was used.
Lactulose from Sigma (USA) and Permit
powder or ultra-refined milk effluent with
reduced salts (DUWP) used in this research
was purchased and used from Baltic Food
Industry Company (Russia). Powder
ingredientsbuwp It included 3.3% moisture,
3.8% protein, 88.5% lactose, 3.5% ash, and
0.9% fat. Standard rent with brand
namecChey-Max from  Christian Hansen
Denmark and mesophilic starter powders

2. Demineralized whey powder
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CHoOzIT 230 (Contains a mixture of
bacteriaLactococcus  lactis  subspecies
CremorisAndLactococcus lactis subspecies
lactis) and thermophilic starteryo-Mix 532
(containsStreptococcus thermophilus
AndLactobacillus  delbruecki subspecies
bulgaricus) was purchased from Danisco
company in Germany. Probiotic starter
powder containing bacteriaBifidobacterium
Bifidium  subspecies used in this
researchFrom Christian Hansen Company®
Denmark was purchased. The mentioned
powders are of the typeyou and were kept
at -18 degrees Celsius until use. Other
chemicals used in this research were of high
quality and were mostly purchased and used
from Merck, Germany.

¥-Y- Cheese production method

Farapaloude cheese was produced in Pegah
milk factory in Shush Khuzestan from fresh
whole milk (3.3% fat) and with suitable
physicochemical and microbial quality
according to [14] and [15] methods. The
received raw milk was subjected to
bactofugation in two stages and then
subjected to the process of pasteurization
and ultra-refining. After passing through the
ultra-refining membrane, the milk is
permeated into two parts’ Or the passage
part (cheese juice) and retentate® or
Natraveh (containing 31% solid matter and
about 16% fat) was divided.
Homogenization operation after adding
powderbuwpP (zero levels, 1 and 2
percent,w/Vv) and lactulose (zero and 1%
levels,w/Vv) in addition, at a pressure of 70
bar by the homogenizer modelJHG-Q60-P60
(Ronghe machinery, China) and then it was
pasteurized by a plate pasteurizer at a
temperature of 75 degrees Celsius for 15
seconds. It should be noted that the levels of

3

- Chr. Hansen
4

- permeate
5 .

- retention
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powdersbUwP and lactulose in this research
was determined after preliminary tests.
Next, Natravah went to a plate pasteurizer
and was pasteurized up to 78 degrees
Celsius for 16 seconds. After that,
mesophilic and thermophilic starter powders
were added in the amount of 0.025% each,
and probiotic starter powder in the amount
of 0.05% along with rennet in the amount of
0.03%. After placing Natrave in 400 grams
of cheese containers, the packages enter the
coagulation tunnel at a temperature of 31-30
degrees Celsius for 25 minutes to coagulate
the clot, and after exiting the tunnel and
coagulation of the cheese, parchment paper
was placed on the surface of the cheese. At
the end, before sealing the packages with
aluminum foil, 2% salt (weight/weight) was
added to the containers containing cheese.
Finally, the cheese packages were kept in a
greenhouse at a temperature of 25-27
degrees Celsius and after 18-24 hours and
ripeningpH The samples were transferred to
the cold room at 5 degrees Celsius. In this
research, the samples of Iranian white
cheese are extrapolated with probiotics
(without lactulose powder andDUWP) as a
control sample with synbiotic cheese
samples (containing different amounts of
lactulose powder andDuwP) were evaluated
on days 1, 30 and 60 in terms of viability of
probiotics as well as color characteristics
and general acceptability.

Y-¥- Colorimetry test

The color of cheese samples using a
colorimeter. Minolta CR300 series, Minolta
Camera Co It was done in thata* (a value) b* (b
value) AndL* (L value) They indicate redness,
yellowness and whiteness respectively] 1. [

Y-¢- Microbial tests
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In order to evaluate the survival of lactic
acid bacteria® (LAB) and probiotic bacteria,
25 grams of cheese from each sample with
2000 ml of peptone water(Acumedia
Manufacturers, USA) was mixed and well
homogenized and then made up to 250 cc
with peptone water. In this way, the dilution
is 0.1 Was prepared. Then the necessary
dilutions were prepared in test tubes
containing peptone water. To cultivate
bacteriaLAB  FromMRS  agar  (Merck,
Germany) and probiotic bacteria
(Bifidobacterium bifidum) FromMRS agar contain
Yo/ +Bile salts (Merck, Germany) were
used. For cultivation using the porplate
method Plates were used for bacteriaLAB
and probiotics were incubated at 37 degrees
Celsius for 48 and 72 hours under anaerobic
conditions] V[.

Y-e- Overall acceptance evaluation

Ability to accept samples of ultra-purified
synbiotic cheese by20 Some of the students
and professors of food industry of
Khuzestan  University of  Agricultural
Sciences and Natural Resources were
evaluated. This evaluation was done based
on a 9-point preference test. Before
evaluation, the samples were taken out of
the refrigerator for 30 minutes and at
ambient temperature (°C Y+22) were kept so
that the temperature of all the samples
during the evaluation is the same and does
not affect the overall acceptance results.
Cheese samples after ripening (48 hours
after production) in the first, 30 and™+ were
evaluated] Y A[.

Y-1- Statistical Analysis

In this research, according to two variables
lactulose (at two levels) and powderbuwp
(at 3 levels), 6 cheese treatments were
produced and cheese samples were
compared with each other in terms of

6. Lactic acid bacteria

242

microbial characteristics, color and general
acceptability during two months of storage
(at intervals of 1, 30 and 60 days after
production). According to the production of
cheese samples in 3 repetitions, a total of 54
samples were produced. Results by
completely random design in factorial
format with the help of statistical
programsPss (SPSS Inc.c Chicago, edY:)
analysis and average results were compared
with the help of Duncan's test at the 5%
level.

¥- Results and discussion
¥-YCounting probiotic bacteria andLAB

The viability and survival of probiotics are
important factors in the evaluation of
probiotic  products. The survival of
probiotics in  food  products until
consumption is the most important
determining factor in probiotic products.
The effective inoculation of probiotic
bacteria into cheese requires that these
probiotics survive, as well as maintain their
survival during processing without adversely
affecting the sensory properties of the
probiotic product.)4 [. Milk-based products
are a favorable environment for the growth
of probiotics. It is mentioned in the standard
of probiotic products that the acceptable
level of probiotics in dairy products should

be minimumcfu/gr "VMay they have

healing properties] Y *[.

The results of the effect of adding sweet
water cheese powder with reduced solutes
and lactulose on  the  microbial
characteristics of different samples of ultra-
contaminated synbiotic cheese during 60
days of storage at 4 degrees Celsius are
presented in Tables 1 and 2.Results
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indicating the significant effect of all three
variables Permit powder, lactulose powder
and storage time on the number of
bacteriaLAB was investigated (0.001P<). As
can be seen in Table 2, with the increase of
powder levelsbuwp and lactulose,
noBacteriaLAB There was a significant
increase.Number of bacteriaLAB In samples
containing: * ) AndY Powder
percentageDUWP  Respectively43/8, 59/8
andLog cfulg 8/78 was determined.The
amount of bacteriaLAB Examples due to
addition+ And) The percentage of lactulose
powder is also respectively 47/8 AndLog
cfulg 74/8 Was determined. alsoCounting
resultsLAB Show activityLAB It increased
significantly in the first 30 days and then
decreased significantly until the end of
storage time (Table 2).Studies have shown
that due to the continued activity of
bacteriaLAB and produce higher levels of
acidity at the end of storage, significantly

reducing activity levelsLAB It can be seen
1Y) [. On the other handlslam

and colleagues [22]Decrease during
storage periodLAB Cheese was attributed to
low moisture content, high salt content and
low storage temperature of the product.
increase in numberBacteriaLAB As a result
of adding lactulose in synbiotic stirred
yogurt 123 [ and the addition of desalted
cheese juice and inulin in ultra-refined
cheese]15 [ It has already been reported.
However, contrary to these results, Ozer et
al]24 [reported that the addition of lactulose
and inulin to bifidus yogurt had an effect on
the noBacteriaLAB does not have. The
findings showed that the interaction between
lactulose-storage time and Permit powder-
storage time was also significant.

Table 1. The results of analysis of variance (ANOVA) of the effect of demineralized ultrafiltrated whey
powder (DUWP) and lactulose powder on Microbial characteristics of probiotic ultrafiltrated cheeses
during 60 days storage at 4 'C

Mean Square

Treatments df
LAB Probiotic bacteria

DUWP 2 0.548" 0.675
Lactulose 1 0.984™ 1.242""
Storage Time 2 0.7117 76137
DUWPX Lactulose 2 0.007™° 0.039N®
DUWPXStorage Time 4 0.069 0.035"°
Lactulose XStorage Time 2 0.169™ 0.144"
DUWPX Lactulose x Storage Time 4 0.003"* 0.014"%
error 36 0.208 1.272

NS, *, ** and *** respectively indicate: non-significance, and significance at p<0.05 and p<0.01, p<0.001 levels.
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Table 2. Microbial characteristics of synbiotic ultrafiltrated cheeses containing demineralized ultrafiltrated whey
powder (DUWP) and lactulose during 60 days storage at 4 'C

Bacterial Storage Time *PoLo PiLo P,L, Poly P, P,L,
Count (Day) (Control)
(Log cfu/g)
1 8.32+0.09"  8.38+0.09N 8.43+0.07"°  8.37+0.08""  8.43+0.07"° 8.47+0.07™*
LAB 30 ot 8.97+0.10" t 9.12+0.07A™ t 9.67+0.02°™
60 8.78+0.15%  8.03+0.09%° 9.24+0.04"°  8.17+0.09°° 9.32+0.01"°  8.68+0.06""
ut ¢ 8.40+0.045°
7.85Jh_r_0.09T 8.20+0.02°°
IS
Probiotic 1 8.074_-b0.23A 8.17+0.04°°  8.30+0.14%° 8.1910.07°:ES 8.28+0.13°° 8.4010.312a
hacteria 30 s ps 8.02+0.21 ps 8.58+0.29"
60 7.81+0.23"  7.95+0.21"° 8.08+0.11"° 6.95+0.16% 8.23+0.26°°  7.63+0.16""
b 6.79+0.215%  7.02+0.13%° ps
6.65idO.24B ¢ 7.28+0.09%°

PO, P1 and P2 are 0, 1 and 2% levels of whey permeate and LO and L1 are 0 and 1% lactulose, respectively. Different small and capital
letters indicate significant differences (p<0.05) in each row (treatments) and column (days) for each cheese characteristics, respectively.

As can be seen in Tables 1 and 2, the
concentration of Permit powder and
lactulose increasedNumberBacteriaLAB
cause a significant increase in the survival of
bacteriaBifidobacterium Bifidium in
production samples (++VY/+P<). This was
despite the fact that the number of probiotic
bacteria in the samples decreased
significantly during the storage period.The
findings also showed that, apart from the
interaction between lactulose and storage
time, there was no significant interaction
between other test variables. (+°/+P<).

The number of probiotic bacteria in the
samples containing<+ Y AndY Powder
percentageDUWP  Respectively7/61, 7/78
andLog cfulg 8/20 was determined.The
amount of probiotic bacteria in the samples
due to addition+ And) The percentage of
lactulose powder is also respectively® 5/v
And95/Y Was determined. As in the tableY It
can be seen, although at the beginning of the
storage time, the number of
bacteriaBifidobacterium  bifidium In all
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treatments more thanLog cfuig 10° was
determined, but at the end of the storage
time, only two treatments 5 (containing 1%
of powdersbuwpP and lactulose) and 6
(containing 2%DuwpP and 1% lactulose)
containing

The number of probiotic bacteria is higher
than the standard (10°) They were. At the

end of the storage time bacteria
Bifidobacterium Bifidium In the
examplesProduced synbiotic cheese

containing 1%
lactulose powder Log cfu/g
7/28  and  sample containing 2%
powderpuwprand 1% lactulose powder
(treatment 6)Log cfu/g 7/63 was determined.

powderbuwpPand 1%
(Treatment 5)

Increasing the number of probiotic
bacteria as a result of increasing water
cheese powder or lactulose previously in
synbiotic cheese.15][: Synbiotic
yogurt]23[and fermented milks]25[ It has
been reported. Also, in confirmation of the
findings of this research, many researchers
such as Kardarleliaet al. [26], Ozturkaglu-
Bodak et al. [27], Ozer et al. [28]To increase
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the activity of probiotic bacteria in the
presence of different concentrations of
prebiotic compoundshave mentioned

Kardarlelia et al.]Y6 [In accordance with
the findings of this research, the effect of the
mixture of inulin, oligofructose and honey

on the growth of probiotics such
asLactobacillus acidophilus
AndBifidobacterium lactis They

investigated in Swiss cheese. In the studies
of these researchers, the reason for
increasing the growth of probiotics indicated
the conversion of lactate to propionate,
acetate and butyrate by probiotics. Anyway,
when indigestible carbohydrates such as
oligosaccharides  (fructo-oligosaccharide)
are available to probiotics, it causes the
accumulation of lactates, followed by the
production of butyrate and the growth of
probiotics, and this depends on the type of
probiotics. Boylston et al.]Y% [Also, the
difference in the survival rate of probiotic
bacteria according to the type of treatment
used, the rate of metabolizing the
compounds and the rate of reductionpH
attributed to the consumption of prebiotic
compounds. Zamora-Vega et al.]Y9 [Also in
a research, the number of probiotic bacteria
decreased during 30 days of storage at
temperature°CThey reported 4.These
researchers reported that the number of
probiotic bacteria in the samples containing
inulin as a prebiotic compound was higher
than the control sample; At the same time,
with  micro coverage of probiotic
bacteriaSaccharomyces  boulardi’  Along
with the composition of cactus mucilage,
sodium alginate and inulin,
viabilityProbiotics increased.

¥-Y- Evaluation of cheese color during
storage

7 .
- Saccharomyces boulardi
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Molecular  uniformity and type of
microstructure can affect the brightness of
food. In materials such as cheese, light
passes through the surface layers and
scatters. The porosity of the casein network
tissue and milk fat globules affects the
amount of light scattering. In milk and dairy
products, the amount of light scattering is
largely dependent on the accumulation of
casein micelles and colloidal particles of
milk, especially colloidal calcium phosphate
and to some extent fat globules. Findings of
statistical analysis of different
concentrations of  powderbuwpP  and
lactulose on the color indicators of Iranian
white cheese in the tableY Is visible.

The results showed that the powderbuwp
cause significant changes in the indexL* The
samples were (++)/+p<), but this variable
has an effect on the indicesa* Andb* did not
have(+5/+<p). Also, adding lactulose on any
of the indicatorsCheese color had no
significant effect (+5/+<p). However, as in
the tables3 and 4 It can be seen, all the color
indicators were affected by the storage time.
On average, the brightness index of the
samples containing<+ Y AndY Powder
percentageDUWP Respectively°Y/88, 02/88
and 17/87 were determined.The brightness
of the samples due to addition+ And) The
percentage of lactulose powder is also
respectively- [ AANdYAAY  was
determined Although a significant difference
was observed in terms of brightness at the
beginning and in the middle of the storage
period between the produced cheese
samples, but at the end of 60 days of
storage, no difference was observed in this
regard.+5/+p>) and the reason for that was
the significant effect of storage time on
reducing the brightness of cheese samples,
especially the control sample.

Although  with  increasing  powder
percentageDUWP Indicator valuesa* Andb*
was decreasing and increasing, but these
changes were not significant. However, as
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can be seen in Table 4, there is a significant
difference in opinionindicatora* It was
observed at the end of 60 days of storage.
Indicatora* Samples containing¢<+ ) AndY
Powder percentageDUWP Respectively® /Y-
¢ 00/Y- And1Y/Y- and the amount of the
indexa* Examples due to addition+ And)
The percentage of lactulose powder
respectivelyee/Y-  Andel/Y- It was
determined. Average indexb* due to
addition <+ Y AndY Powder percentageDUWP
To the examples in ordere¥/cd 17/4
And9/92 was determined andAverage
indexb* as a result of adding 0 And) The
percentage of lactulose powder
respectively11/4 AndV ¢/4 was determined
Rostamabadi et al.]1[In confirmation of
the results of this research, they stated that
the increase in the hydration of proteins and
the decrease in free water droplets affect the
light reflection and the whiteness of the
samples during the processing period, and as
a result, they reduce the brightness of the
samples. Danesh et al.]30[Contrary to the
present results, they stated that the use of

whey proteins in the formulation of
traditional Iranian white cheese caused the
texture of the cheese to become more
porous, and due to the creation of more
pores, the microstructure of the cheese
resembles the structure of a beehive; A
condition that certainly leads to an increase
in light refraction and an increase in the
brightness of the samples. Anyway, the
reason for the lack of effectpowderpuwpPOn
the lightness of the cheese in this research,
probably the low amount of whey proteins
in the powderbuwepis.In addition, Danesh et
al.]31[In another study, the effect of
combining transglutaminase enzyme and
blue cheese proteins on Iranian Farapaloudhi
cheese was investigated. These researchers
also stated that the reason for the higher
brightness of the samples in ultra-refined
cheese is factors such as the increase in the
number of serum holes and the creation of
porous texture in the cheese samples.

Table 3. The results of analysis of variance (ANOVA) of the effect of demineralized ultrafiltrated
whey powder (DUWP) and lactulose powder on color characteristics of probiotic
ultrafiltrated cheeses during 60 days storage at 4 'C

Mean Square

Treatments df
L* a* b*

DUWP 2 8.553™" 0.0089NS 0.722N8
Lactulose 1 0.900M° 0.003Ns 0.081N8
Storage Time 2 23.793 0.728 1.656
DUWPX Lactulose 2 0.362N° 0.022N° 0.001M°
DUWP X Storage Time 4 0.185"° 0.117"° 0.004"°
Lactulose XStorage Time 2 0.111M 0.076"° 0.32"°
DUWPX Lactulose x Storage Time 4 0.073"¢ 0.013"¢ 0.002"°
error 36 0.850 0.053 0.437

NS, *, ** and *** respectively indicate: non-significance, and significance at p<0.05 and p<0.01, p<0.001 levels.

Table 4. Color characteristics of synbiotic ultrafiltrated cheeses containing demineralized ultrafiltrated whey

powder (DUWP) and lactulose during 60 days storage at 4 'C

Color Storage *PoLy P.Lg

Palo Poly Pily Paly
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Values Time (Control)
(Day)
1 89.71+0.37°  89.40+0.54°°  88.87+0.46"° 89.88 88.96+0.65"  88.30+0.28"
L* ops ps c Aa bc nd
30 +0.34
60 88.35 87.89+0.85"°  87.03+0.84*° 88.39 87.34+1.13°  86.42+0.94°
iO.89ABa ab ab 10.76N0t ops b
87.45 87.20+1.29N  86.35+1.52N 87.41 87.26+1.39"  86.06+1.25"
10.98N0t i0.82N0t a ot
1 -2.67 -2.72 £0.17%  -2.73 +0.39" -3.03 -2.82 -2.76+0.25"
a* 30 013" 95040417 2534036~  *0.10% +0.16" . 46+0.22"
60 -2.39 2444010  -2.69 +0.08" -2.41 -2.48+0.40" -
+0.115° Abc +0.25N _ 2.62+0.09”
2.27 -2.18 2.33+0.16°%°
i0.07Chapter iO.l3N0t S
1 0.15+0.43"  9.31+0.48"  9.61+0.37"*  9.20 +0.14"* 9.35+0.59"*  9.60+0.38"
b* 30 9.53+0.67"* 9.68+0.83"  9.91+1.01"* 9.68+0.56"* 9.87 +0.62"*  10.10+0.77*
60 0.78 +0.43"  9.89+0.48"  10.16+0.37"% 9.85+0.14"* 9.90 +0.59™ !

9.60+0.38"

PO, P1 and P2 are 0, 1 and 2% levels of whey permeate and LO and L1 are 0 and 1% lactulose, respectively. Different small and
capital letters indicate significant differences (p<0.05) in each row (treatments) and column (days) for each cheese characteristics,

respectively.

Joan et al.]32[Decreasing the amount of
fat caused by reducing the lightness of the
cheese samples was proposed. These results
are presented by Rodan et al.¥3 [ also
confirmed. While Torabi et al.]¥4 [In the
review of ultrapurified synbiotic cheese
containing powderbuwpP and inulin showed
that the brightness of the optimal sample at
the end of the storage period is higher than
other produced samples, these researchers
considered the reason for the increase in
brightness to be tissue porosity.

¥-¥- Overall acceptance evaluation

Sensory characteristics of the samples play a
significant role in the acceptability of cheese
by consumers. The two processes of
lipolysis and proteolysis play an essential
role in sensory characteristics. It should be
noted that the secondary changes that occur
simultaneously with these processes are
responsible for partial and general changes
in the sensory characteristics of cheese. The
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main substrate of this process is caseins,
lipids and compounds soluble in milk. Also,
with the passage of storage time, due to
microbial activity and enzymatic
interactions, the characteristics of the scab
change due to biochemical reactions, and
because of this, new characteristics are
created in the aroma, taste, and texture of the
samples.35[.

The results of statistical analysis of the
effect of three powder variablesbuwe,
lactulose powder and storage time on the
overall acceptance of cheese samples are
shown in Figure 1. Variance analysis of the
results of the overall acceptance study
indicates the significance of the independent
effect of the powderbuwp And it was
lactulose powder. The obtained data showed
that by increasing the amount of
powderbuwpP and lactulose powder, the
overall acceptance rate decreases. These
results are due to the negative effect that
lactulose powder and powderDuwp It can be
justified based on the texture and flavor of
the samples. On average, overall acceptance
of samples containing 0, 1 and 2 percent
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powderbuwp 8.43, 8.34 and 8.08
respectively (0+1/-P<). However, there is a
significant difference between the control
sample and the sample containing 1%
powderbuwp did not see Also, the overall
acceptability of the samples due to the
addition of 0 and 1% of lactulose powder
was determined as 8.34 and 8.23,
respectively.«¢/+P<). As can be seen in
Figure 1, although by increasing the amount
of powdersbuwp and lactulose, the overall
acceptance score of ultra-refined synbiotic
cheese samples decreases, but there is a
significant difference between the control
sample (score 8.47) and the sample
containing 1% of each of the powdersbuwp
and lactulose (score 8.28) was not present.
Jirsarai et al.]¥6[In results similar to the
results of this research (the general
acceptance of the product containing 1%
powdersDUwP and lactulose) showed that
there was no significant difference between
the control sample of probiotic ultra-refined
feta cheese and the sample containing 2%
inulin and lactulose mixture until the middle
of the storage period, although the control
sample had a lower overall acceptance score
at the end of the 60-day storage period,
contrary to the results of the present study.
Ben Musa and colleagues]Y7[ also reported
the improvement of the overall acceptability
of the product when lactulose was used in
the study of the effect of lactulose on yogurt
samples. These researchers attributed the
reason for this to the greater acceptance of
sweet yogurt in  Western countries.
However, these researchers also showed that
increasing the concentration of lactulose
from a certain level onwards causes a
significant  decrease in the overall
acceptability of the samples.Y7].
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M %0 DUWP
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Total acceptability (Score)

0
Lactul

FIG 1. Effect of addition of demineralized
ultrafiltrated whey powder (DUWP) and lactulose
powder on total acceptability of synbiotic
ultrafiltrated cheeses

Also, the results of this research showed
that with the passage of storage time, the
scoreOverall acceptance of cheese samples

significantly(0+1/+P<) Decreased.
Meanwhile, there was no significant
difference between the overall cheese

acceptance score on the 1st and 15th day.
On average, the total acceptance of ultra-
refined cheese samples was determined as
8.56, 8.48, and 7.82 in the periods of 1, 30,
and 60 days of storage, respectively. Along
with the results of this research, Jirsarai et
al.Y6[In investigating the effect of inulin and
lactulose on the sensory properties of
probiotic ultra-refined feta cheese samples
during 60 days of storage, they reported that
the quality of the cheese samples decreased
significantly over time.

¢- Conclusion

The results of the current research indicate
that the use of appropriate concentrations of
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powderbuwpP And lactulose in ultra-refined
cheese formulation can produce products
with desirable characteristics. It is worth
noting that although factors such as The type
of treatment, the rate of metabolization of
compounds and the rate of reductionpH Due
to the consumption of prebiotic compounds
by probiotics, the number of probiotic
bacteria decreases, but the results of this
research showed that the number of bacteria
in samples of synbiotic ultra-processed
cheese containing high levels of lactulose
andDuUwP After two months of storage in the
refrigerator more than the standard (Log
cfulg 10") Was. At the end of 60 days of
storage, the amount bacteria
Bifidobacterium Bifidium In the
examplesSynbiotic cheese containing 1%
powderbuwprand 1% lactulose powder Log
cfulg 7/28 and the sample contains 2%
powderbuwprand 1% lactulose powderLog
cfulg It was 7/63. Regarding the color index,
the results showed that the addition of
powderbDUWP cause significant changes in
the indexL* samples, but this variable has an
effect on the indicatorsa* Andb* did not
have Also, adding lactulose to any of the
indicatorsCheese color had no significant

effect. However, with increasing

[1] Rostamabadi, H., Jooyandeh, H., and Hojjati, M.
2017.  Optimization of  physicochemical,
sensorial and color properties of ultrafiltrated
low-fat Iranian white cheese containing fat
replacers by Response Surface Methodology.
Journal Food Science & Technology (Iran).
14(63), 91-106. [In Persian]

[2] Rodrigues, D., Rocha-Santos, T.A.P., Pereira,
C.l., Gomes, A.N., Malcata, F.Z. and Freitas,
A.C. 2011. The potential effect of FOS and
inulin upon probiotic bacterium performance in
curdled milk matrices. LWT- Food Science and
Technology. 44(1), 100-108.

[3] Mohammadi, R. and Mortazavian, A. 2011.
Review article: technological aspects of
prebiotics in probiotic fermented milks. Food
Review International. 27, 192-212

[4] Di Criscio, T., Fratianni, A., Mignogna, R.,
Cinquanta, L., Coppola, R., Sorrentino, E. and
Panfil, G. 2010. Production of functional

249

amountsDUWP:The brightness index value
and overall acceptance score of synbiotic
cheese samples decreased, but there was a
significant difference in this respect between
the control sample and the sample.Contains
1%  powderbuwrPand 1% lactulose
powderdid not have. Therefore, a sample of
ultra-processed synbiotic cheese contains )
Powder percentage DUWPANd 1% lactulose
powder was identified as the best
sample.Therefore, by using the mentioned
formulation, it is possible to produce
products with health-enhancing properties
that can maintain their probiotic properties
until the end of 60 days of storage..

®- Appreciation

This research was done with the financial
support of Khuzestan University of
Agriculture and Natural Resources, and for
this purpose, the authors express their
gratitude. Also, the respected officials of
Pegah Khuzestan factory and the research
and development unit of the factory are
appreciated for the production of cheese
samples.

6- Resources

probiotic, prebiotic, and synbiotic ice creams.
Journal of Dairy Science. 93(10), 4555-4564.

[5] Shah, N.P. 2007. Functional cultures and health
benefits. International Dairy Journal. 17(11),
1262-1277.

[6] Champagne, C.P., Paul Ross, R., Saarela, M.,
Flemming Hansen, K. and Charalapopoulos, D.
2011. Recommendations for the viability
assessment of probiotics as concentrated cultures
and in food matrices (Review). Journal of Food
Microbiology. 149(3), 185-193.

[7] Nicholson, J.K., Holmes, E., Kinross, J.,
Burcelin, R., Gibson, G., Jia, W., and Petterson,
S. 2012. Host-gut microbiota metabolic
interactions. Science. 336, 1262-1267.

[8] Nooshkam, M., and Madadlou, A. 2016.
Microwave-assisted isomerisation of lactose to
lactulose and Maillard conjugation of lactulose
and lactose with whey proteins and peptides.
Food Chemistry. 200, 1-9.


http://dx.doi.org/10.22034/FSCT.20.141.238
https://dorl.net/dor/20.1001.1.20088787.1402.20.141.14.2
https://fsct.modares.ac.ir/article-7-69450-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.20088787.1402.20.141.14.2 ]

[ DOI: 10.22034/FSCT.20.141.238]

Iranian Journal of Food Sciences and Industries

No. 141, Volume 20, November 2023

[9]1 Murphy, E.G., Roos, Y.H., Hogan, S.A., Maher,
P.G., Flynn, C.G. and Fenelon, M.A. 2015.
Physical stability of infant milk formula made
with selectively hydrolysed whey proteins.
International Dairy Journal. 40, 39-46.

[10] Baldasso, C., Marczak, L., and Tessaro, 1. 2014.
A comparison of different electrodes solutions
on demineralization of permeate whey.
Separation Science and Technology. 49(2), 179-
185.

[11]Jooyandeh, H., Minhas, K.S., and Kaur, A. 2009.
Sensory quality and chemical composition of
wheat breads supplemented with fermented whey
protein concentrate and whey permeate. Journal
Food Science and Technology. 46(2). 146-148.

[12]Jooyandeh, H. and Minhas, K.S. 2009. Effect of
addition of fermented whey protein concentrate
on cheese yield and fat and protein recoveries of
Feta cheese. Journal of Food Science and
Technology. 46(3), 221-224.

[13]Jooyandeh., H. 2020. Evaluation of physical and
sensory properties of Iranian Lavash flat bread
supplemented with precipitated whey protein
(PWP). African Journal of Agriculture and Food
Security. 8(2), 1-7.

[14]Jooyandeh, H., Danesh, E., and Goudarzi, M.
2017. Influence of Transglutaminase Treatment
on Proteolysis and Lipolysis of Low-Fat White-
Brined Cheese Incorporated with Whey Proteins
during Ripening. Journal of Food Technology
and Nutrition. 15(4), 31-44. [In Persian]

[15] Torabi, F., Jooyandeh, H. and Noshad, M. 2021.
Evaluation of physicochemical, rheological,
microstructural, and microbial characteristics of
synbiotic ultrafiltrated white cheese treated with
transglutaminase. Journal of Food Processing
and Preservation. 45(4), e15572, 1-11.

[16] Yademellat, M., Jooyandeh, H., and Hojjati, M.
2018. Comparison of some physiochemical and
sensory properties of low-fat stirred yogurt
containing Persian and Balangu-Shirazi gums.
Journal Food Science & Technology (Iran).
14(72), 313-326. [In Persian]

[17] Mortazavian, A., Ehsani, M., Sohrabvandi, S.,
and Reinheimer, J. 2007. MRS-bile agar: its
suitability for the enumeration of mixed
probiotic cultures in cultured dairy products.
Milchwissenschaft. 62(3), 270-272.

[18] Katsiari, M.C., Voutsinas, L.P., Kondyli, E. and
Alichanidis, E., 2002, Flavour enhancement of
low-fat Feta-type cheese using a commercial
adjunct culture. Journal Food Chemistry. 79(2),
193-198.

[19] Boylston, T.D., Vinderola, C.G., Ghoddusi, H.B.
and Reinheimer, J.A. 2004. Incorporation of
bifidobacteria into cheeses: challenges and

250

rewards. International Dairy Journal. 14, 375-
387.

[20] Hekmat., Sh., Soltani., H, and Reid., G. 2009.
Growth and Survival of Lactobacillus reuteri
RC-14 and Lactobacillus rhamnosus GR-1 in
yogurt for use as a functional food. Innovative
Food Science and Emerging Technologies. 10,
293- 296.

[21] Marshall, V.M. 1992. Inoculated ecosystems in a
milk  environment. Journal of Applied
Bacteriology. 73, 127s-135s.

[22] Islam, M. Alharbi, M.A. Alharbi, N.K. Rafiq , S.
Shahbaz , M. Murtaza , S. Raza, N. Farooq , U.
Ali , M. Imran , M. et al. 2022. Effect of Inulin
on Organic Acids and Microstructure of
Synbiotic Cheddar-Type Cheese Made from
Buffalo Milk. Molecules. 27, 1-1

[23]Jooyandeh, H., Momenzadeh, S., Alizadeh
Behbahanil, A. and Barzegar, H. 2022. Effect of
Ignored mallowand lactulose on survival of
Lactobacillus yeastand textural properties of
symbiotic stirred yogurt. Journal of Food
Science & Technology. 60, 1136-1143.

[24] Ozer, D., Akin, S., and Ozer, B. 2005. Effect of
inulin and lactulose on survival of Lactobacillus
acidophilus la-5 and Bifidobacterium bifidum
bb-02 in Acidophilus bifidus yoghurt. Food
Science & Technology International. 11(1),19—
24

[25] Oliveira, R.P., Florence, A.C., Perego, P., De
Oliveira, M.N., and Converti, A. 2011. Use of
lactulose as prebiotic and its influence on the
growth, acidification profile and viable counts of
different probiotics in fermented skim milk.
International Journal of Food Microbiology.
145(1), 22-27.

[26] Cardarelli, H.R., Saad, S.M., Gibson, G.R., and
Vulevic, J. 2007. Functional petit-suisse cheese:
measure of the prebiotic effect. Anaerobe. 13(5-
6), 200-207.

[27] Ozturkoglu-Budak, S. Akal, H.C. Buran, ‘1. and
Yeti,semiyen, A. 2019. Effect of inulin
polymerization degree on various properties of
synbiotic fermented milk including Lactobacillus
acidophilus La-5 and Bifidobacterium animalis
Bb-12. Journal Dairy Science. 102, 6901-6913.

[28] Ozer, B., Kirmaci, H.A., Oztekin, S., Hayaloglu,
A., and Atamer, M. 2007. Incorporation of
microbial transglutaminase into non-fat yogurt
production. International Dairy Journal. 17(3),
199-207.

[29] Zzamora-Vegal , R. , Montafiez-Soto , J.L. ,
Venegas-Gonzalez , J. , Bernardino-Nicanor , A.
, Gonzalez Cruz , L. and Martinez-Flores , H.E.
2013. Development and characterization of a
symbiotic cheese additive withSaccharomyces


http://dx.doi.org/10.22034/FSCT.20.141.238
https://dorl.net/dor/20.1001.1.20088787.1402.20.141.14.2
https://fsct.modares.ac.ir/article-7-69450-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.20088787.1402.20.141.14.2 ]

[ DOI: 10.22034/FSCT.20.141.238]

Nosrati et al

Effect of ultra-refined cheese powder and lactulose on...

boulardii and inulin. African Daynal of
Microbiology Research. 7(23), 2828-2834.

[30] Danesh, E., Goudarzi, M., and Jooyandeh, H.
2018. Transglutaminase-mediated incorporation
of whey protein as fat replacer into the
formulation of reduced-fat Iranian white cheese:
physicochemical, rheological and microstructural
characterization. Journal of Food Measurement
and Characterization. 12(4), 2416-2425.

[31] Danesh, E., Jooyandeh, H., and Goudarzi, M.
2017. Improving the rheological properties of
low-fat Iranian UF-Feta cheese by incorporation
of whey protein concentrate and enzymatic
treatment of transglutaminase. Iranian Journal
Food Science & Technology. 14(67), 285-298.
[In Persian]

[32]Juan, B., Zamora, A., Quintana, F., Guamis, B.,
and Trujillo, A.J. 2013. Effect of inulin addition
on the sensorial properties of reduced-fat fresh
cheese. International Journal of Dairy
Technology. 66(4), 478-483.

[33]Rudan, M.A., Barbano, D.M., Yun, JJ. and
Kindstedt, P.S., 1999, Effect of fat reduction on
chemical composition, proteolysis, functionality,

251

and yield of Mozzarella cheese, Journal of Dairy
Science. 82(4), 661-672.

[34] Torabi, F., Jooyandeh, H., Noshad, M., and
Barzegar, H. 2020. Texture, color and total
acceptance of synbiotic ultrafiltrated white
cheese treated with microbial transglutaminase
enzyme during storage period. Journal Food
Science & Technology (Iran). 17(98), 135-145.
[In Persian]

[35] Haissa, R.C., Fla via, C.A., Buriti, Inar A., and
Susana, M.L.S. 2008. Inulin and oligofructose
improve sensory quality and increase the
probiotic viable count in potentially synbiotic
petit-suisse cheese. LWT-Food Science &
Technology. 41, 1037-1046.

[36]Jirsarai, B., Fadai, V. and Noghani, R. 2017. The
effect of inulin and lactulose on the survival of
Lactobacillus casei and the physicochemical and
sensory characteristics of probiotic ultra-refined
feta cheese. Journal of Food Technology and
Nutrition. 14(53), 35-46. [In Persian]

[37]1Ben Moussa, O., Boulares, M., Chouaibi, M.,
Mzoughi, M. and Hassouna, M. 2019. Effects of
lactulose levels on yoghurt properties. Italian
Journal of Food Science. 31(4), 782 -799.


http://dx.doi.org/10.22034/FSCT.20.141.238
https://dorl.net/dor/20.1001.1.20088787.1402.20.141.14.2
https://fsct.modares.ac.ir/article-7-69450-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

[ DOR: 20.1001.1.20088787.1402.20.141.14.2 ]

[ DOI: 10.22034/FSCT.20.141.238]

VEOY OLT Y oysn VY osle il ) ol sl 5 pske s
& ‘

ol ¥ 18 Qb0 g pole dloxo

www.fsct.modares.ac.ir :al>s <o lu

r 5 oohe s

m e iy S5 B SR 5 iy pa ASodkdy §SU Sleedis ekl 5N 5 2L Ol say S

03 9Ll S S5 s

Yo, . Y Y AN . .
JLZ}McL;”.?:},\Wg e.,\.\i?wm;-‘&j.,aggﬂjc

J‘ﬁ\c;b%‘dbﬁu)?ﬁ«bcu‘jdj)jusr)b AKL‘)‘L;‘..X.&— @u}r}l&n);“ﬂ ‘;,.IL.,:)\Sd}».;J;—\
Q\J'i‘ w_:lsvb ‘UL:“'))’NC’L‘)LSJ)JL;“SfJb SLisls L‘;J]v\g @L@) (:}L& e‘;J§ sl =Y
QLIM)?NCLA)LS))JL;S r}lﬁ NS ‘;;i“’L; @Lajun\: (:}.L; PRLSR ‘u‘ib“ @W gf"d"\"é'aj(’}l“ a)ﬁ)L::gl;-Y‘

oS>

dle SleMbl

e s e 35 S3L s oeal 358 53 OIS jan AT G ans tix b
mCather gblpe 45 Cnl ot olie laesssl 5 ol ol slge b ms Caam 4 LOT blaS o
03 el o sl 3 Sl e 4 e Ll S ) Als 3 el e e LB i
Cra 53 DUWP) e 5,80l ol 3 iyl oy cilos slaclals 30 ol hasy
23Ul 3 Ssmirm o 2 WIV) oss V50 b 53 5058Y 5 WIV) 4o s Y 5 o
S ldds Sl Sl Sledis Sl .o S 15 LLsl apse desgul B glie S Ol pea
A s YOO slas L3 I 555 70 (b Jsmamae IS 500 5 K55 gl pasls o ks
P iy Sladi goi 53 S g g 3ad DUWP 54055V (slass s Shal5ol b o sl 0l il
Fro0los OLL 3 g sa (<0700 )) L ()l me RS LaOT sl (6515 Oloy <238 L
I ) rahae 5 598N Glasng sl Sk pel 55 Ssms i lag S sl (S S,
odls S35 (VY Log cfulg) g Walde syl gossdome 5 YL Olovas DUWP
~a 5SS 0les S 5 DUWP s b o (L%) ity Olee 31 LS oSS, il
a* e axls 63U DUWP 5 508N 55 03580 Ll (<0/0 0 1) il 2alS g ls e 55
251 sDUWP 350 7Y (65l S g oy 4303 okl sy gl by 2SS B*
S Jos g ey dald el 4 S VL Ssusn glagSL Soles 1SN
g g0 b ol s ST sdaliie JS 2 5 SO kS S 51555 e 3 Ol 0

3, Gasia s ol b & s e Ol s 03418 S e

:d\i.a‘_gu'c“)l.?

\FeY/Y/$ :C'Jl:_JA @)U

VEYENA (G dy b

1S Slds
SR

R 6ﬁfcﬁb\ muT
SIS Ol

10.22034/FSCT.20.141. 238
DOR:20.1001.1.20088787.1402.20.141.15.3

ol J s *
hosjooy@asnrukh.ac.ir

252


mailto:hosjooy@asnrukh.ac.ir
http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.20.141.238
https://dorl.net/dor/20.1001.1.20088787.1402.20.141.14.2
https://fsct.modares.ac.ir/article-7-69450-en.html
http://www.tcpdf.org

