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ABSTRACT

Foods are not intended to only satisfy hunger and to provide basic nutritional requirements but also
to prevent nutrition-related diseases and to improve physical and mental well-being of the consumers.
This research studied the improve of nutritional and potential therapeutic value of processed cheese using
flaxseed oil because of its high nutritional and health value. Full-fat spreadable processed cheese made
by butter substitution levels of nil (control), 25, 50, 75 and 100% with flaxseed oil. Sensory evaluation,
chemical, rheological, and biological properties were evaluated to study the effect of addition of flaxseed
oil on processed cheese properties. The results of sensory evaluation of samples demonstrated that the
best treatment of analogue cheese was the cheese with 25 % of flaxseed oil. As the processed cheese
contained flaxseed oil, the total unsaturated increased. The incorporation of the flaxseed oil into the
processed cheese caused a high increment in Linoleic, Linolenic and Arachidic acids. The cheese samples
with 25 and 50 % of flaxseed oil were the nearest to the control sample towards rheological properties. At
the end of the experiment (28 days), rats were fed on processed cheese of flaxseed oil gained higher body
weights than those fed only base diet. The total serum cholesterol was lowered in the rats group fed on
processed cheese containing 25% flaxseed oil and processed cheese containing 75% flaxseed oil. From
these results, it could be recommended flaxseed oil as butter partial substitute in processed cheese
manufacture up to 75% to achieve the health benefits propose with good sensory acceptability and
reasonable rheological properties.

Keywords: Rheological properties; Fatty acids composition; Blood serum profile.

INTRODUCTION omega-6/omega-3 fatty acid ratio of 1:3
(Bhatty, 1995). Processed cheese is a very
important dairy product that is produced
and handled easily without the need for
special conditions because of its high
conservation capacity; it also cast a very
popular product, especially for children
owing to likeable savor and distinctive
texture. Processed cheese differs from
natural cheese in the fact that processed
cheese is not made directly from milk.
However, the main ingredient of processed
cheese is natural cheese. Processed cheese
is produced by blending natural cheese of
different ages and degrees of maturity in
the presence of emulsifying salts and other
dairy and nondairy ingredients followed
by heating and continuous mixing to form
a homogeneous product with an extended
shelf life (Meyer, 1973; Thomas, 1973;

In the relationship between diet, health and
well-being, functional foods play an
outstanding role. Many definitions exist
worldwide for functional foods, but there is
no official or commonly accepted definition
(Kalra, 2003). The relationship between
milk fat intake and health impact is
complex (German et al., 2009) and much has
been written on the association between
dairy and cardiovascular disease (CVD)
risk factors. Vegetable oils exert advantage
over milk fat in a way that they make it
possible to balance the content of saturated
and unsaturated fats in the composition.
Flaxseed oil is naturally low in saturated fat
and provides a moderate amount of
monounsaturated fat. Roughly 73% of fatty
acids in flaxseed oil are polyunsaturated.
Flaxseed oil is particularly rich in «a-

linolenic acid (ALA), an omega-3 fatty acid; Guinee et al., 2004).

it contains a lower amount of linoleic acid The main target of the present
(LA), an omega-6 fatty acid. Because of its investigation is to produce healthy
high (ALA) contain, flaxseed oil has an processed cheese by partial replacement of
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the milk fat with flaxseed oil rich in its
content of unsaturated fatty acids,
especially omega-3, to benefit from the
healthy effect of these acids to reduce the
harmful cholesterol and reduce the
incidence of cardiovascular disease. Thus,
the following points were including in the
present study: (a) Study the effect of partial
replacement of milk fat by 25%, 50%, 75%
and 100% flaxseed oil in processed cheese
on sensory, physical and chemical
properties. (b) Evaluation the impact of
feeding rates on produced processed
cheese on serum lipids of rats.

MATERIALS AND METHODS
Materials

Ras cheese (1 month old) was obtained
from Mariam Co., Giza, Egypt. Butter was
obtained from Sakr Group Co., Egypt.
Fresh cow’s milk (3% fat) was obtained

from the farm of Faculty of Agriculture
Cairo University, Giza, Egypt. Fresh
skimmed milk was gained by the
mechanical separation of fresh cow’s milk.
Skimmed milk powder. Joha S9S
emulsifying salt was obtained from the BK
Giulini Chemie GmbH, Landenberg,
Germany. Cold pressed flaxseed oil was
obtained from the Extract and Press Oil
Unit, National Research Center, Dokki,
Giza, Egypt. Twenty mature male Albino
rates, with mean body weights of 125+5 g.
were obtained from Animal house,
National Research Center, Dokki, Cairo,
Egypt. The chemical composition of rat's
basal diet was as follows: raw protein, 23%;
raw fat, 3.40%; fibers, 3.60%, starch, 62%
and ash 8%. Table (1) showed the chemical
composition of the ingredients used in
manufacture of processed cheese analogue.

Table 1. Composition of raw materials used in the manufacture of processed cheese spreads.

Ingredient
Component (%) -
Skimmed .
. Skimmed
Ras cheese Butter milk .
milk curd
powder
Total solids 57.50 84.00 96.00 32.00
Fat 25.00 81.99 1.50 0.00
Protein (TNx 6.38) 22.26 ND 37.13 12.37
Ash 5.76 ND 7.89 2.63

TN: Total nitrogen, ND: Not Detected.

Experimental procedures
Manufacture of processed cheese analogue

Processed cheese based on 55-58 %
moisture and 45-50 % fat/dry matter
(F/DM) was manufactured as described by
Savello et al. (1989) with some
modifications as follow: Ras cheese and
skimmed milk curd were milled and mixed
with water and emulsifying salt in addition
to butter substituted with nil (control), 25,
50, 75 or 100 % flaxseed oil as butter
replacer. All blends recipes are in Table (2).
The blends were placed into the processing
bath type kettle of 5 kg capacity, a pilot
machine at faculty of agriculture, Ain
shams University, Cairo, Egypt. The cheese

blends were heated using direct injection of
steam at pressure of 1.5 bar at 85-90° C for
5 min. Agitation time of cheese blends was
increased in some treatments. The
composition of each blend was adjusted for
fat by butter or flaxseed oil, pH by citric
acid and moisture content to obtain a final
product with pH value adjusted to 5.6-5.7
to be similar to the processed cheese made
according to the Egyptian Standards
Specification (2013). The hot product of
processed cheese was manually filled into
40 ml glass cups covered well with cup
covers, cooled then stored at about 5+2° C
for analysis as a fresh and after 1, 2 and 3
months. Three replicates were carried out
for each treatment.
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Table 2. Blends recipe (kg/100kg) of processed cheese with different butter substitution levels

with flaxseed oil.

Butter substitution level with flaxseed oil

Ingredient

( Coljlfrol) 25% 50% 75% 100%
Ras cheese 18 18 18 18 18
Skimmed milk curd 43 43 43 43 43
Skimmed milk powder 2.5 2.5 25 2.5 2.5
Emulsifying salt 2.5 2.5 25 2.5 2.5
Butter 18.0 13.5 9.38 45 0.0
Flaxseed oil 0.0 3.6 7.2 10.8 14.4
Water 16.0 16.9 17.42 18.7 19.6
Total 100 100 100 100 100

Analytical methods
Total solids content, protein and ash ana}ﬂ;;egbta;?ce(i-;ierfgltstgverg Aséahs(t;g;lll;/'

contents as well as titratable acidity % and
fatty acids profile were determined as
described by AOAC (2016). Fat content was
determined using Gerber method as
described by Ling (1963). The pH values
were measured using a laboratory digital
pH meter model Adwa 1030 at 20 °C after
calibrating with fresh pH 4.0 and 7.0
standard buffers according to the methods
of BSI (1989). Oiling off was determined
according to the method outlined by
Thomas, (1973). Meltability of the sample
of processed cheese was determined
according to Olson and Price, (1958) and
slightly modified by Savello et al. (1989).
The processed cheese spreads and cheese
sauce samples were organoleptically
evaluated as in IDF (1997).

Biological study was carried out at
Animal House Lab, Department of Animal
Production; Faculty of Agriculture, Al-
Azhar University, Cairo, Egypt as
described by Beena and Prasad (1997),
Carthew et al. (2001) and Zommara ef al.
(2006). Continuously, at the end of the 28
days experimental period, the rats were
killed after overnight fasting by
withdrawing blood from the abdominal
aorta under light diethyl ether anesthesia.
Blood was collected in fine capillary glass
tubes and centrifuged at 3.000 rpm for 15
min. to separate serum, which was kept
frozen until analysis.
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Duncan’s multiple range tests were used to
determine the difference among means at
the level of 0.05.

RESULTS AND DISCUSSION

Sensory quality of processed cheese
towards the butter substitution with
flaxseed oil

The panelist scores given in Table (3)
revealed that, the products with the 25 and
50 % flaxseed oil addition didn't exhibit any
significant difference in terms of the
appearance and body & texture as
compared to the control sample. For flavor,
no significant differences founded between
cheese samples with 25, 50 and 75%
flaxseed o0il, and the cheese with 25 %
flaxseed oil were the nearest to the control
sample. For Body & texture, no significant
differences founded between all samples
except the sample with 75 % of flaxseed oil
as compared to the control sample. For
Appearance, no significant differences
founded between all samples as compared
to the control sample. At all, the best
treatment of analog cheese was the cheese
with 25 % of flaxseed oil which were the
nearest to the control sample followed by
50 % addition of flaxseed oil, but all
percentages were acceptable.



Table 3. Sensory scores of processed cheese as affected by butter substitution level with

flaxseed oil.

Butter substitution level with flaxseed oil

Criteria score

Nil (control) 25% 50% 75% 100%
Appearance
(out of 10 points) 9.0A 8.5A 8.0A 8.0A 8.5A
Body & texture 36.75A 35.80A  3500A  33.00B  3550A
(out of 40 points)
Flavor
(out of 50 points) 46.0A 44.0B 42.5B 42.5B 39.5C
Total score
(out of 100 points) 91.75A 88.30B 85.50C 83.50D 83.50D

Different superscripts at the same raw are significantly different (P< 0.05).

Chemical properties of processed cheese
towards the butter substitution with
flaxseed oil

The results present in Table (4)
indicated that, there were significant
differences among the control and all
treatments in DM, protein, fat and Ash
contents. These differences may be due to
the variations in the agitation time
sometimes required as well as the
differences between butter and flaxseed oil
in their moisture contents and rather their
lipid contents. Whereas, protein and fat

contents increased as the butter was
substituted with flaxseed oil. On the
contrary, the ash content of the cheese
spreads decreased with the increase in the
percentage of flaxseed oil instead of butter.
The flaxseed oil addition to the processed
cheese led to increase the total volatile fatty
acids content.

As a general, The DM content of all
experimental cheese samples are in
accordance to the legal standard of EOSQ.
These results trends are in agreement with
those of Shalaby and Yasin (2013).

Table 4. Chemical composition of processed cheese as affected by butter substitution level with

flaxseed oil.

Butter substitution level with flaxseed oil

Component Nil (control) _ 25% 50% 75% 100%
Dry matter (DM) % 42.08E 44.72A  4317D  4457B 13.8C
Protein (TN 6.38) % 12.12E 1231C  1219D  1236B  12.82A
Fat % 20.90E 21200 2140C  22.10B  22.85A
Fat/ DM % 49.67B 4741D  4957C  4958C  52.17A
Ash % 417A 4.07B 4.00C 4.06B 3.83D
TVFA ml/100g 140D 140D 146C 170B 190A

TN: Total nitrogen, TVFA: Total volatile fatty acids, Different superscripts at the same raw are

significantly different (P<0.05).

Titratable acidity percent and pH value of
processed cheese towards the butter
substitution with flaxseed oil during cold
storage period

The obtained results for acidity in Table
(5) showed that the titratable acidity % of
studied treatments decreased regularly
throughout storage and with the increase
the percentage of flaxseed oil addition, but
the acidity increased by storage at 5+2°C in
all samples. The obtained data also showed
that no significant difference found in
acidity between the control sample and the

cheese samples with 25 % and 50 % of
flaxseed oil after 1 month of storage at
5+2°C. Also no significant difference found
in acidity among the control sample and
cheese with 25 % of flaxseed oil after 2
months of storage at 5+2°C. No significant
difference found in acidity among the
cheese with 50 % and 75 % of flaxseed oil
after 2 months of storage at 5+2°C, also
between samples with 25 % and 50 % of
flaxseed oil after 3 months at 5+2°C.

Data in Table (5) indicated also a high rate
of variable increase in the pH value of the
processed cheese made with increasing
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Table 5. Titratable acidity percent and pH value of processed cheese as affected by butter

substitution level with flaxseed oil during storage at 5+2°C.
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Butter substitution level with flaxseed oil

Cold storage period -
(month) Nil (control) 25% 50% 75% 100%
Titratable acidity %
Fresh 0.85Ad 0.83Bd 0.77Cd 0.76Dd 0.75Dd
1 0.99Ac 0.98Ac 0.98Ac 0.95Bc 0.83Cc
2 1.22Ab 1.22Ab 1.18Bb 1.17Bb 1.05Cb
3 1.46Aa 1.42Ba 1.42Ba 1.37Ca 1.18Da
pH value
Fresh 6.16Da 6.16Da 6.26Ca 6.28Ba 6.30Aa
1 6.00Db 6.10Cb 6.11Cb 6.15Bb 6.20Ab
2 5.86Dc 5.86Dc 5.90Cc 5.96Bc 5.99Ac
3 5.59Ed 5.66Dd 5.70Cd 5.76Bd 5.84Ad

Different capital superscripts at the same column are significantly different (P<0.05). Different small
superscripts at the same raw are significantly different (P<0.05).

percentages of the flaxseed oil whether,
when fresh and during storage conditions
at 5+2°C. The pH value of processed cheese
made by using 25 % of flaxseed oil did not
appeared any significant differences
compared to the control sample at zero
time and after 2 months. Also no significant
differences between cheese samples with
25% and 50 % of flaxseed oil after 1 month
of cold storage period (CSP). While the pH
values of all samples of processed cheese
showed significant differences with
advanced storage as compared with the
fresh cases. That difference was probably
due to the action of emulsifying salt as
reported by Caric and Kalab (1993). It may
be also due to the limited growth and
activity of cheese microflora as mentioned
by Abd El-Salam et al. (1996) and Metwally
et al. (1996).

Fatty acids composition of butter fat,
flaxseed oil and processed cheese towards
the butter substitution with flaxseed oil

Data in Table (6) exhibited that in the
processed cheese made with flaxseed oil,
the total saturated fatty acids decreased
and therefore the total wunsaturated
increased with the rise in the addition
percentage of flaxseed oil in spreads, when
compared to the control sample. So, the
ratio of total saturated to unsaturated fatty
acids decreased with the rise in the
addition percentage of flaxseed oil in
spreads. The current results (Table 8)
evident that the total short chain fatty acids
in processed cheese spreads decreased with
increasing the addition percentage of
flaxseed oil in spreads, while the total long
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chain fatty acids increased when compared
with control sample. The incorporation of
the flaxseed oil into the processed cheese
caused a high increment in Linoleic,
Linolenic and Arachidic acids as the
incorporation level increased.

Rheological properties of processed
cheese towards the butter substitution
with flaxseed oil

Oiling off

From the obtained results of Table (7), it
could be observed that the processed
cheese that made with 25 and 50% flaxseed
oil were the best levels for o0il separation at
all and the cheese with 25 % flaxseed oil
was the nearest to the control sample at
zero time and during CSP. No significant
differences between the control sample and
the cheese samples made with 25 and 50%
flaxseed oil at 1, 2 and 3 months of storage.
While the cheese made using 100 % of
flaxseed oil recorded the highest oiling off
values along three months of CSP. The high
separation of fat in cheese that made with
incorporating 100% of flaxseed oil may be
due to the high level of flaxseed oil which
need to especial process and appropriate
emulsifying salt for emulsification of fat in
the protein matrix in the cheese. In this
concern, Dalglish and Low (1988) reported
that emulsifiers and stabilizers led to
emulsification of fat in protein matrix. Saad
et al. (2016) mentioned that the low degree
of oiling off could be attributed to the high
stability of the emulsified material and the
good fat emulsification in the texture. The
oil separation values of all treatments even
in control tended to increase as storage



Table 6. Fatty acids profile of processed cheese towards the butter substitution with flaxseed

oil.
Butter substitution level with flaxseed oil
. . Number of Butter Flaxseed .

Kind of fatty acid . Nil

carbon atom fat oil 25% 50% 75% 100%

(control)

Butyric C4:0 3.10 - 0.11 0.02 - - -
Caproic C6:0 1.73 - 0.79 0.44 0.32 0.18 0.15
Caprilic C8:0 0.89 - 0.78 0.43 0.37 0.35 0.14
Capric C10:0 1.71 - 1.90 1.29 1.28 1.09 0.51
Lauric C12:0 217 - 3.26 3.04 2.39 1.72 0.92
Tridecylic C13:0 0.08 - 0.13 0.08 0.07 0.06 0.05
Myristic C14:0 10.01 - 10.41 7.53 5.64 3.71 1.81
Pentadecylic C15:0 1.78 - 2.00 1.80 1.76 1.62 1.07
Palmitic C16:0 30.92 5.00 32.74 289 25.51 21.04 17.11
Palmitoleic Cl6:1 1.83 - ND - 0.01 0.02 -
Heptadecanoic C17:.0 1.21 - 1.26 0.98 0.69 0.34 0.22
Stearic C18:0 11.17 3.90 0.07 0.09 0.07 0.05 0.06
Oleic C18:1 24.12 19.91 42.19 37.70 33.24 27.78 23.33
Linoleic C18:2 1.64 14.83 0.62 3.45 6.30 9.14 11.98
a-Linolenic C18:3n3 0.62 55.93 1.79 12.62 21.45 31.27 41.60
Arachidic C20:0 0.45 0.12 0.20 0.17 0.21 0.26 0.36
Eicosenoic C20:1 0.22 0.24 0.09 0.07 0.06 0.06 0.04
Docosanoic C22:0 0.24 - 0.10 0.06 0.13 0.10 0.07
Unknown - 3.90 - 1.56 1.58 0.50 0.96 0.58
Ts¢ C4:0-C8:0 5.72 - 3.58 2.18 1.97 1.62 0.80
TLC

C10:0-C22:0 90.3 100 94.86 96.49 97.53 97.17 98.62
TSC/TLC% - 6.30 - 3.77 2.26 2.02 1.67 0.81
SFA

C4:0- C22:0 65.46 9.09 36.37 3 28.37 23.41 18.89
USEA C16:1-C20:1 30.56 90.91 44.69 53.84 61.06 68.27 76.95
SFA/USFA% 46.6 1000.1 81.38 59.44 46.46 34.29 24.55

TSC: Total short chain, TLC: Total long chain, USFA: Unsaturated fatty acids, SFA: Unsaturated fatty

acids, ND: Not detected.

period progressed. Also the oil separation
values increased with increasing the
flaxseed oil ratio in spreads. The control
sample recorded the lowest value; these
results are in agreement with Shamsia et al.
(2011).

Meltability index

Meltability of the processed cheese
spreads was expressed as the distance of
cheese flow in millimeter. The current
results of Table (8) exhibited that processed
cheese made with 100% of flaxseed oil had
the highest meltability index, while spreads
containing 25% of flaxseed oil had the
lowest values at zero time and throughout
CSP as compared to the control sample.
The melting index values of all samples
tended to increase as the storage period

extended. This difference among the
treatments and control may be due to the
orientation of the pH value during storage.
The results of control cheese during storage
are agreement with those of Awad (2010).
Mohamed, et al. (2011) reported that the
degree of meltability of the processed
cheese could be affected by the ingredients
of the products, and / or the increased
rigidity and reduced flowing rate could be
attributed to the reduction of the fat
granules size. Solowiej (2007) found out
that the viability of fusion is related to the
increase in pH value and the smoothness in
the texture and the high degree of the
disintegration of casein and the reduction
of fat emulsification. The soft texture of the
processed cheese together with an increase
in the moisture content could also leads to
increase the meltability.


https://en.wikipedia.org/wiki/Palmitoleic_acid
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Table 7. Oiling off of processed cheese as affected by butter substitution level with flaxseed oil

during storage at 5+2°C

Cold storage

Butter substitution level with flaxseed oil

- Nil
(}':(f;‘:ﬁ) (control) 25% 50% 75% 100%
Fresh 4.25Dd 7.3Cd 15.2Cd 25.8Bd 40.6Ad
1 7.2Cc 10Cc 17.6Cc 55.9Bc 73.8Ac
2 9.4Cb 14Cb 19.4Cb 80.2Bb 99.3Ab
3 11.3Ca 18.3Ca 20.8Ca 106.8Ba 128.2Aa

Means followed by the same capital letters in the same columns; and values followed by the same small
letters in the same row are not significantly different (P<0.05).

Table 8. Meltability index of processed cheese as affected by butter substitution level with

flaxseed oil during storage at 5+2°C.

Butter substitution level with flaxseed oil

Cold storage period
(month) Nil 25% 50% 75% 100%
(control)
Fresh 57Ec 65Dc¢ 85Cc 88Bb 93Ac
1 58Dbc 68Cb 90Bbc 95Bb 110Ab
2 61Dab 70Dab 94Cab 109Ba 122Aab
3 63Da 72Da 98Ca 115Ba 133Aa

Means followed by the same capital letters in the same columns; and values followed by the same small
letters in the same row are not significantly different (P<0.05).

Biological experiment
Growth parameters of Albino rats

Growth parameters of rats fed on
processed cheese containing flaxseed oil
are presented in (Table, 9). It was obvious
from these data that at the end of the
experiment (28 days), rats were received
processed cheese treatments gained higher
body weights than those fed only dry diet
(control I). Moreover, as shown from the
same data (Table, 9) that the increases in
body weight gain for all tested rats ranged
from 48g to 92g. Also, rats fed on dry diet
(control I) showed the least final body
weight, actually 174g, while those received
processed cheese containing 25% flaxseed
oil gained the highest final body weight,
being 219g. This finding suggests that type
of diet significantly affect the growth
parameters of rats. In this respect, the same
trend of results was previously reported by
Mohamed and Afifi (2011); Tou et al. (2011)
and Boulbaroud et al. (2012). Additionally,
the present results revealed that there were
no considerable variations between growth
rate ( body weight gain g / feeding period)
and food efficiency (growth rate g/d / food
intake g/d) among different treatments,
these results in agreement with those
reported by Vijaimohan et al. (2006); El-
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Waseif (2008) and Mohamed and Afifi
(2011).

Blood serum profile of Albino rats

Total and high density lipoprotein
cholesterols

Results of total and high density
lipoprotein (HDL)-cholesterols levels are
summarized in Table (10). The obtained
results indicate that serum cholesterol level
in control II (dry diet + processed cheese)
was significantly higher than in control I
(only dry diet) by 42.75% at the end of the
experiment. Compared with group fed dry
diet + processed cheese (control II), the total
serum cholesterol was lowered by 12.26
and 31.04% in the group fed on processed
cheese containing 25% flaxseed oil and
processed cheese containing 75% flaxseed
oil, respectively. These results are in
agreement with those reported by Lucas et
al. (2004), Boulbaroud et al. (2012) and
Soltan (2012). In this respect the role of
flaxseed oil in lowering total cholesterol
explained by Kris-Etherton, et al. (2002),
Moghadasian (2008), Brenna et al. (2009)
and Tzang et al. (2009), who reported that
lowering effect for flaxseed oil may be due
to increase omega-3 long chain
polyunsaturated fatty acid in rats by a
conversion of ALA in flaxseed oil to



Table 9. Growth parameters of rats fed on

processed cheese containing flaxseed oil as butter

substitute.
Butter substitution level with
Befse flaxseed oil
Parameter Diet Nil
(control (control II) 25% 75%
Initial body weight (g) 126 125 127 126
Final body weight (g) 174 B 217 A 219 A 215 A
% change to normal control =~ - 24.71 25.86 23.56
Food intake (g/day) 12 15 15 15
Body weight gain (g) 48 92 92 89
Body weight gain (%) 38.10 73.60 72.44 70.63
Growth rate (g/day) 1.71B 329 A 329 A 3.18 A
Food efficiency 0.14 0.22 0.22 0.21

The means within the same row having different superscript are significantly varied (P < 0.05). Means
with the same letter are not significantly different.

Table 10. Levels of serum total and high density lipoprotein cholesterols of rats fed on
processed cheese containing flaxseed oil as butter substitute.

Base Butter substitution level with flaxseed oil
Parameter Diet Nil o o
(control I) (control IT) 25% 75%
Initial total cholesterol 7712 74.97 78.19 75.08
(mg/dL)
Final total cholesterol 85.34 C 121.82 A 106.88 B 84.01 C
(mg/dL)
% change to control II -2995 e -12.26 -31.04
Initial HDL-cholesterol 42 46 4191 4317 933
(mg/dL)
Final HDL-cholesterol 45.94 C 59.92 A 58.27 A 49.75 B
(mg/dL)
% change to control II 2333 - -2.75 -16.97

The means within the same row having different superscript are significantly varied (P < 0.05). Means

with the same letter are not significantly different.

eicosapentaenoic  acid  (EPA) and
docosahexaenoic acid (DHA). EPA+DHA
have been associated with a reduced risk of
coronary heart diseases. From these data it
could be noticed that there was significant
difference in the serum HDL-cholesterol
levels between all treatments at the end of
the 4-weeks experimental period. Also, the
present results declared that serum HDL-
cholesterol levels were increased at the end
of the experiment, the increases values
varied from 8.20% to 42.97%, as compared
with their corresponding initial values.
However, comparing the obtained results
of control treatment (control I), showed
variable increasing in HDL-cholesterol
values ranged from 8.29% to 30.43%.
Moreover, rats received processed cheese
containing 25% flaxseed oil and those
received processed cheese containing 75%
flaxseed oil increased the levels of HDL-
cholesterol by 34.98% and 17.53%,

respectively. However, HDL-cholesterol
levels are anti-atherogenic, while reduced
levels are associated with increased risk for
coronary artery disease as previously
explained by Zilva and Mayne (1991).
These results are in agreement with those
reported by Morise et al. (2004),
Boulbaroud et al. (2012), EL-Sahar and
Abed EL- Rahman (2014) and Aly-Aldin et
al. (2015).

Serum triglycerides, low and very low
density lipoprotein cholesterols

The levels of serum triglycerides in rats fed
on processed cheese containing flaxseed oil
are present in Table (11). It was evident
from the data that, processed cheese
(control II) greatly increased serum
triglycerides in rats thereon fed by about
65.74% as compared to control I (dry diet).
On the other hand, the levels of serum
triglycerides in rats fed on processed
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Table 11. Serum triglycerides, low and very low density lipoprotein cholesterols of rats fed on
processed cheese containing flaxseed oil as butter substitute.

Butter substitution level with flaxseed oil

Base
Parameter Diet "
(control I) Ni
(control II) 25% 75%
Initial triglycerides (mg/dL) 60.06 58.86 59.71 59.80
Final triglycerides (mg/dL) 65.32 C 108.26 A 83.68 B 65.11 C
% change to control II -39.66 - -24.58 -39.86
Initial LDL-cholesterol 29 65 2129 23.08 20.79
(mg/dL)
Final LDL-cholesterol 2634 C 40.25 A 31.87 B 2124D
(mg/dL)
% change to control II -34.56 - -20.82 -47.23
Initial vLDL-cholesterol 12.01 11.77 11.94 11.96
(mg/dL)
Final vLDL-cholesterol 13.06 C 21.65 A 16.74 B 13.02C
(mg/dL)
% change to control II -39.68 - -22.68 -39.86

The means within the same row having different superscript are significantly varied (P < 0.05). Means

with the same letter are not significantly different.

cheese containing 25% flaxseed oil and
those received processed cheese containing
75% flaxseed oil were lower than those fed
on processed cheese (control II). However,
the reduction in triglyceride levels due to
rats feeding on 25 and 75% flaxseed oil
cheeses were 2458 and 39.86%,
respectively. These results are in agreement
with those mentioned by Riediger et al.
(2008), EL-Sahar and Abed EL- Rahman
(2014) and Khan and Makki (2017).
Furthermore, Soltan (2012) concluded that
the main effect of dietary n-3 fatty acids on
plasma lipids and lipoproteins in general is
reduction in plasma triglycerides by 20% -
50% in healthy subjects and even more in
subjects with hypertriglyceridemia. In this
respect De Caterina ef al. (2007) reported
that n-3 fatty acids reduced plasma
triglyceride. n-3 fatty acid suppressed
hepatic  lipogemesis and  reduced
circulating triglyceride levels.
Furthermore, since a high blood LDL-
cholesterol is associated with increased risk
of atherosclerosis and cardiovascular
disease, any product that lowers this level
is of potential value. Robbins and Cortan
(1981) mentioned that, as 70% of total
cholesterol is HDL-cholesterol. The results
appeared also that processed cheese
(control II) markedly increase LDL-
cholesterol by 52.81% as compared to
control I (dry diet). Compared with group
fed on processed cheese (control II), the
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LDL-cholesterol were lowered by 20.82 and
47.23% in the group fed on processed
cheese containing 25% flaxseed oil and
processed cheese containing 75% flaxseed
oil, respectively. Continuously, it was
evident that the latter (75% flaxseed oil)
was more effective in reducing serum LDL-
cholesterol, which ranked the lowest value
actually 21.24 mg/dL. However, this
reduction may be attributed to the
reduction in serum total cholesterol. These
results are in agreement with Morise et al.
(2004), Vijaimohan et al. (2006), Boulbaroud
et al. (2012) and Kawakami et al. (2015). It is
of interest to mention that coronary artery
diseases tend to develop in those patients
who have increased serum LDL-
cholesterol as previously reported by
Whitby et al. (1984). Moreover, Zilva and
Mayne (1991) declared that, with
increasing serum level of LDL — cholesterol,
the scavenger cells taken up larger amounts
of the circulating lipoprotein and become
overloaded with cholesterol named “foam
cells”, this cells become the hallmark of the
atherosclerotic plague. Early, Tietz (1986)
found that, reduction in the removal of
LDL from serum causes elevated serum
levels of LDL and increased uptake of LDL
by macrophages and smooth muscle cells
deposits in arterial walls and consequently,
premature atherosclerosis. In general, for
each 1 mg/dL decrease in LDL- cholesterol
in the plasma there is approximately a 2%



decrease in mortality from atherosclerotic
heart disease. The obtained results indicate
also that serum very low density
lipoprotein (vLDL)-cholesterol level in
control II (processed cheese) was
significantly higher than in control I (only
dry diet) by 65.77% at the end of the
experiment. Compared with group fed on
processed cheese (control II), the vLDL-
cholesterol was lowered by 22.68 and
39.86% in groups of 25 and 75% flaxseed oil
cheeses, respectively. Continuously, it was
evident that, the latter (75% flaxseed oil)
was more effective in reducing serum
vLDL-cholesterol, which possesses the least
figure actually 13.02 mg /dL. However, this
reduction may be attributed to the
reduction in serum total cholesterol. These
results are in agreement with previous
results of Morise et al. (2004); Vijaimohan et
al. (2006) and Fadlalla et al. (2013).

Generally, the decreases in serum
triacylglycerol, LDL and vLDL cholesterol
of rats fed on cheese containing flaxseed oil
have been explained by Strolien et al.
(2007), who suggested that the decrease in
triglyceride levels attributed to the
lowering effect of omega-3 fatty acids has
been mainly ascribed to reduce hepatic
synthetic of vLDL cholesterol. Omega-3
fatty acid suppressed hepatic lipogenesis
and reduced circulating triglycerides level.
Furthermore, Morise et al. (2005) observed
that a higher ALA intake decrease
cholesterol content in liver, however,
increase in the feces. The reduced hepatic
cholesterol content was accounted for
higher cholesterol secretion into bile thus
leading to a depletion of into intrahepatic
pool of cholesterol.

Atherogenic index

The effects of processed cheese containing
flaxseed oil on atherogenic indexes were
carried out, also the ratio between LDL or
HDL- cholesterol and total cholesterol, in
addition to LDL / HDL ratio were
calculated and data obtained summarized
in Table (12). As a matter of fact, the
atherogenic index is an indication for the

susceptibility for atherosclerosis. Many
studies explored the relationship between
dietary factors and risk for atherosclerosis
particularly, the regulation of cholesterol
and lipoprotein metabolism by the type
and amount of dietary fat (Mancini and
Parillo, 1991; Nishina et al., 1993). In
general, diets rich in mono and
polyunsaturated fat decrease plasma
cholesterol levels, while, diets rich in
saturated fat in particular lauric, myristic
and palmitic acids are positively correlated
to plasma cholesterol level (Nordov and
Goodnight, 1990). It is clear from these
results that, processed cheese (control II),
led to obvious increases in atherogenic
indices 1 and 2, in addition to LDL /HDL
ratio by a mean values of 6.80, 20.40 and
17.14%  respectively, and lowered
HDL/total cholesterol ratio by 8.55% as
compared to those fed on dry diet (control
I). Continuously, the data in Table (12)
indicate that the values of atherogenic
indexes 1, 2 and LDL/ HDL ratio were
decreased by (9.70, 19.26 and 16.58%) and
(23.33, 33.30 and 36.44%) and increased in
HDL/total cholesterol ratio by 10.77 and
20.33% for groups of rats fed on 25 and 75%
flaxseed o0il cheeses, respectively, as
compared with group fed on processed
cheese (control II), Similar trend of results
was previously reported by Dupasquier et
al. (2007) and Gruenfelder (2014), who
demonstrated that dietary flaxseed can
inhibit atherosclerosis through a reduction
of circulating cholesterol levels and, at a
cellular level, via anti-proliferative and
anti-inflammatory actions.

CONCLUSIONS

This research studied the improvement of
nutritional and potential therapeutic value
of processed cheese using flaxseed oil as
butter substitute because of its high
nutritional and health value. From these
results, it could be recommended flaxseed
oil as butter partial substitute in processed
cheese manufacture up to 75%.
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Table 12. Atherogenic index of rats fed on processed cheese containing flaxseed oil as butter

Ahmed et al.

substitute.
Base Butter substitution level with flaxseed oil
Parameter Diet Nil
(control T) (control TI) 25% 75%

Final HDL/Total 0.538 B 0.492 C 0.545B 0.592 A
cholesterol ratio
Atherogenic index 1 0.309B 0.330 A 0.298 B 0.253 C
Atherogenic index 2 0.858 B 1.033 A 0.834B 0.689 C
% LDL/HDL 57.34 B 67.17 A 54.69 B 42.69 C

The means within the same row having different superscript are significantly varied (P < 0.05). Means
with the same letter are not significantly different. Atherogenic index 1: LDL/Total cholesterol.
Atherogenic index 2: (Total cholesterol-HDL)/HDL.
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