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Abstract: Omega-3 fatty acids (a-linolenic acid-ALA, eicosapentaenoic acid-EPA and decosahexaenoic acid-DHA) are essential
for humans. Especially EPA and DHA reduce the risk of death related with cardiovascular diseases, prevent many other
diseases and fortify the immune system. Sufficent EPA and DHA can be intaken by consuming only seafood. According to the
World Health Organization, the required EPA+DHA is 0.3-0.5 g/day for healthy people. But people having cardiovascular
diseases should consume 1 g/day EPA+DHA according to the American Heart Association. The requirement of Omega-3 fatty
acids is 650 mg per day in pregnancy and at least 300 mg should be DHA. In this study, it was aimed to enrich the product
with Omega-3 by using odourless fish oil at different rates (0.3%, 0.5% and 1.0%) in the production of blackberry yoghurt. pH,
titratable acidity values, fat, total dry matter and lactic acid contents, acid and peroxide values, viscosity and sensory
properties of the samples were investigated. According to the results, there was no significant difference in physical and
chemical properties of the fruit yoghurt except peroxide values (P>0.01). In sensory analysis, blackberry fruit yoghurt samples
having 0.3% and 0.5% odourless fish oil were ranked as acceptable by the panelists. The daily requirement of EPA+DHA can
be supplied by consuming approximately 250 g of the sample containing 0.3% of odourless fish oil and approximately 150 g
of the sample containing 0.5%.

Keywords: DHA, EPA, Fish Oil, Fruit Yoghurt, Omega-3 fatty acids.

Kokusuz Balik Yagi Kullaniminin Bogiirtlenli Yogurdun Bazi Fiziksel, Kimyasal
ve Duyusal Ozellikleri Uzerine Etkisi

Oz: Omega-3 yag asitleri (a-linolenik asit-ALA, eikozapentaenoik asit-EPA ve dekosaheksaenoik asit-DHA) insanlar igin
esansiyeldir. Ozellikle EPA ve DHA, kardiyovaskiiler hastaliklarla ilgili 61iim riskini azaltmakta, diger bircok hastaligi 6nlemekte
ve bagisiklik sistemini gliclendirmektedir. Yeterli EPA ve/veya DHA sadece deniz Uriinleri tiketimi ile karsilanabilmektedir.
Diinya Saghk Orgiitii'ne gére, saglikh insanlar igin gerekli EPA+DHA 0.3-0.5 g/giin'diir. Ancak kardiyovaskiiler hastaliklari olan
insanlar, Amerikan Kalp Dernegi'ne gore 1 g/gtin EPA+DHA tiiketmelidir. Omega-3 yag asitleri gereksinimi gebelikte ise giinde
650 mg’dir ve bunun en az 300 mg’inin DHA olmasi gerektigi belirtiimektedir. Bu arastirmada, bogirtlenli yogurt Giretiminde
farkli oranlarda (%0.3, %0.5 ve %1.0) kokusuz balik yagi kullanilarak, Griniin Omega-3 bakimindan zenginlestirilmesi
hedeflenmistir. Orneklerin pH, titrasyon asitligi degerleri, yag, kurumadde ve laktik asit icerikleri, asit ve peroksit degerleri,
viskozitesi ve duyusal ozellikleri arastiriimistir. Elde edilen sonuglara gore, orneklerin fiziksel ve kimyasal 6zelliklerinde
peroksit degerleri disinda istatistiksel olarak anlamli fark bulunamamistir (P>0.01). Duyusal analiz sonuglarina gére, %0.3 ve
%0.5 kokusuz balik yagi bulunan bogirtlen meyveli yogurt &rnekleri panelistler tarafindan kabul edilebilir olarak
nitelendirilmistir. Kokusuz balik yagini %0.3 oraninda igeren 6rnekten yaklasik 250 g, %0.5 oraninda iceren 6rnekten ise
yaklasik 150 g tiiketilmesi ile glinlik EPA+DHA ihtiyacinin karsilanmasi mimkiindir.

Anahtar Kelimeler: Balik yagi, DHA, EPA, Meyveli yogurt, Omega-3 yag asitleri.
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INTRODUCTION

I n recent years, the production and consumption

of functional foods have been increasing
because of beneficial health effects. The Omega-3
fatty acids are some examples to essential fatty acids
ALA acid), EPA

(eicosapentaenoic acid) and DHA (decosahexaenoic

and they are (a-linolenic
acid) (1). ALA can be supplied from some gren plant
tissues especially flaxseed, nuts and rapeseed (2) but
EPA and/or DHA can be supplied only from sea foods
(3).

beneficial properties, especially EPA and DHA reduce

Generally, the Omega-3 fatty acids have
the risk of death connected to cardiovascular
diseases (4-6). According to a research which is
focused on the effects of Omega-3 fatty acids on
cardiovascular diseases; the deaths caused by
cardiovascular diseases are decreased by consuming
fish, especially oily fish, twice a week (7). These two
fatty acids prevent artherosclerosis, necrosis, stroke,
migraine, allergic asthma, arthritis, diabetes,
hypertension and strengthen the immune system.
They also have beneficial effects against various
intestinal and skin diseases, are protective against
plenty of tumoral diseases, and they have
therapeutic properties (8-10). The Omega-3 fatty
acids are also closely related with Alzheimer’s
disease. The Alzheimer’s disease is rarely seen in
Japan and this is related to high Omega-3 fatty acids
taken with fish based Japanese daily diet (11). Also,
the depression cases were higher in New Zelland
where average fish consuming is 20 g/day with 5.8%
depression rate when compared to Korea where
average fish consuming is 50 g/day with 2.8%. The
fish consumption is 100 g/day per person in Japan
therefore the depression cases are seen only at a rate
of 0.12% (12).

According to the World Health Organization
(WHO) and North Atlantic Treaty Organization
(NATO) to take sufficient EPA+DHA, healthy people
should consume fish twice a week and it is equal to
0.3-0.5 g/day EPA+DHA (7). According to the

American Heart Association, the requirement of
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EPA+DHA is
cardiovascular diseases and 2-4 g/day for people

1 g/day for people who have
have high levels of tryglyceride (11).

Pregnants should consume 650 mg Omega-3
fatty acids per day and at least 300 mg of them
should be DHA. Taking high levels of Omega-3 fatty
acids during pregnancy provides the improvment in
mathematical intelligence and the abilities of reading
and writing in childhood (13). On the other hand,
taking low levels of Omega-3 fatty acids during
pregnancy causes behavioural disorder, sleep
disturbance and hyperactivity (9). The sea foods
taking part in daily diet of children is quite important
as they contain high levels of essential fatty acids
which are neccesary for the childs development (14).
The retina, central nervous system, mathematical
intelligence, reading, writing and pronunciation
abilities improve with fish oil consumption in children
(13,15,16).

Yoghurt rich in carbonhydrate, protein, fat,
vitamin, calcium and phosphor has an important role
in daily diet (17). There are many scientific data about
regular consumption of yoghurt having a role in
immune systems getting strong (18). To consume
about two cups (approximately 400 gram) of yoghurt
is enough to provide half of the daily calcium
requirement for an adult (19). Yoghurt is an
important milk product for the improvement of
bones in children and it prevents osteoporosis in
adults. Also, calcium intake in high levels has a role in
protection against colon and rectum cancer (20).
Digestion of yoghurt is easier than non-fermented
dairy products. Especially, lactose intolerant people
do not have the ability to digest lactose in non-
fermented milks but they can consume yoghurt easily
(17,21). Therefore, yoghurt has an important role in
nutrition and it must have a place in daily diet in all
ages.

Consumption of plain set type yoghurt is higher
than fruit yoghurt in Turkey. However, fruit yoghurt

consumption has been increasing lately especially by
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children and young people. There are several
research about yoghurt to be well-liked by the public
with calcium, whey protein concentrate, inulin etc
(22-24). There are also several other research about
enriched yoghurt with Omega-3 fatty acids because
of the beneficial effects of Omega-3 besides yoghurts
natural beneficial effects (25-30).

The main purpose of this study is to provide the
consumption of more Omega-3 fatty acids with fruit
yoghurt by people needing more Omega-3 fatty
acids; especially by children, pregnant women and
people having cardiovascular diseases. For this
purpose, odourless fish oil was used in yoghurt
production. In the preliminary study, all of the
panelists were able to sense the fishy taste and
aroma of plain set type yoghurt even for the lowest
concentration of odourless fish oil. Therefore the
fruit extract was preferred in stirred type of yoghurt
production. Different fruit extacts like blackberry,
strawberry, apricot, raspberry and red berries
extracts were used in the preliminary study and the
yoghurt sample with blackberry fruit extract had the
highest scores by the panelists. Therefore, blackberry
fruit extract was used in fruit yoghurt production in
the study. Different rates of odourless fish oil (0.3%,
0.5%, 1%) was added to the blackberry yoghurt
samples and some chemical, physical and sensory
attributes of the final product was investigated

during 15 days of storage period.

MATERIALS and METHODS

Materials

Raw milk used for the production of yoghurt
samples was obtained from Ankara University,
Haymana Research and Application Farm, Turkey.
Thermophilic yoghurt starter culture CH-1 (Chr.
Hansen, Denmark), 99.9% pure odourless fish oil
containing 160 mg/g of EPA and 100 mg/g of DHA
(ASUKA Kim. San. Tic. A.S., Turkey), blackberry fruit
extract (Yorsan A.S., Turkey) and milk powder with
95% dry matter (izi Siit A.S., Turkey) were used in the

production of blackberry yoghurt samples.
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Production of Fruit Yoghurts

The raw milk was separeted into four equal
parts and total fat content (milk fat+odourless fish
oil) of milk was standardizated to 3%. The first part
was the control sample (A) having ~3% only milk fat,
the other three parts; B, C and D samples having 2%,
2.5% and 2.7% milk fat and 1%, 0.5% and 0.3%
odourless fish oil respectively (Table 1).

Table 1. Sample codes and descriptions of the
blackberry fruit yoghurt samples.

Tablo 1. Bogirtlenli yogurt érneklerinin kodlari ve
tanimlamalari.

Sample code  Sample description

Control sample

A (blackberry yoghurt - 3% milk fat)

B Blackberry yoghurt - 2% milk fat +
1% odourless fish oil

c Blackberry yoghurt - 2.5% milk fat
+ 0.5% odourless fish oil

D Blackberry yoghurt - 2.7% milk fat

+ 0.3% odourless fish oil

The cream was seperated from raw milk after
milk was pre-heated to 40-50°C. The cream was
added to the samples in appropriate amounts as
explained above. After the total dry matter of the
samples was standardized to 16% with milk powder,
they were homogenized in 150-200 bar pressure.
When addition of odourless fish oil was applied
before homogenization, the fishy taste was more
appreciable due to increase of the surface area of fat
globules. Therefore, odourless fish oil was added to
the samples after homogenization in suitable
amounts as explained above and the samples were
pasteurized in 85°C /15 min. The starter culture (3%)
was added to the samples after they cooled to 43-
45°C and then they were incubated in 43-45°C. The
incubation was ended in ~4.6-4.7 pH and the samples
were cooled to 20-30°C immediately. After addition
of the blackberry fruit samples and blending, the
samples were stored at +4°C. Steps of the fruit

yoghurt samples production are given in Figure 1.
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Standardization
Milk powder
(16% dry matter)
Cream
(3% milk fat)

Homogenization
(150-200 bar)

1
No addition

|
Pasteurization
(85°C/ 15 minutes)
i
Cooling
(to 43-45°C)
i
Starter culture
addition (3%)
4
Incubation
(at 43-45°C
until pH 4.6-4.7)

!
Blackberry fruit
extract addition

%10)
!
Mixing with spoon
while cooling
(to 20-30°C)

Packaging
!
Storage (4°C)

Sample A

Raw milk

|
Pre heating (40-50 °C)

Seperation  —

!

Cream

Skim milk

Standardization
Milk powder
(16% dry matter)
Cream
(2% milk fat)

Homogenization
(150-200 bar)

Odourless fish oil
addition (1%)
b
Pasteurization
(85°C/ 15 minutes)
|
Cooling
(t0 43-45°C)
d
Starter culture
addition (3%)
i
Incubation
(at43-45°C
until pH 4.6-4.7)

Blackberry fruit
extract addition
(%10)
Mixing with spoon
while cooling
(10 20-30°C)

Packaging

|
Storage (4°C)

Sample B

Figure 1. Steps of the
samples production.

Sekil

Standardization
Milk powder
(16% dry matter)
Cream

(2,5% milk fat)

Homogenization
(150-200 bar)

Odourless fish oil
addition (0,5%)

Pasteurization
(85°C/ 15 minutes)

Cooling
(to 43-45°C)

Starter culture
addition (3%)

lncub;;lion
(at 43-45°C
until pH 4.6-4.7)
Blackberry fruit
extract addition
(%10)
Mixing with spoon
while cooling
(t0 20-30°C)
Pucku:ﬁing

Storage (4°C)

Szun;)le C

blackberry fruit yoghurt

|
Standardization
Milk powder
(16% dry matter)
Cream
(2,7% milk fat)
i
Homogenization
(150-200 bar)

Odourless fish oil
addition (0,3%)
|
Pasteurization
(85°C/ 15 minutes)
!
Cooling
(t0 43-45°C)
i
Starter culture
addition (3%)
|
Incubation
(at 43-45°C
until pH 4.6-4.7)

Blackberry fruit
extract addition
(%10)

!

Mixing with spoon
while cooling
(0 20-30°C)
|

Packaging
!
Storage (4°C)
i
Sample D

1. Bogurtlenli yogurt orneklerinin Gretim
basamaklari.

The production of yoghurt samples were
repeated three times. Physical, chemical and sensory
analysis were performed on the 1st, 7th and 15th
days of storage. Fat and dry matter contents of the
samples were determined only on the 1st day and all
the analysis were repeated three times in each

production.

Chemical Analysis

Fat content of the samples were determined by
Gerber method on the 1st day of storage (31). Total
dry matter content of the samples were determined
by ovendrying method on the 1st day of storage (31).
pH values of the samples were measured by a pH
meter-model Mettler Toledo
Sonnerbergstasse 74, CH-8603, Switzerland) on the

(Analytical,
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1st, 7th and 15th days of storage. Titratable acidity of
the samples was detected by titration method on the
1st, 7th and 15th days of storage. The results were
calculated as Soxhelet-Henkel (°SH) (32). Lactic acid
content of the samples was measured by
spectrophotometric method (33). For this purpose,
25 g of yoghurt sample was mixed with 10 mL of
barium chloride, 10 mL of 0.66 N sodium hydroxide
and 5 mL zinc sulfate solution and the mixture was
filtered through the Whatman 42 filter paper. 0.15 ml
of the filtrate and 1 ml of the color solution were
added to 10 ml of distilled water then the sample was

read at 400 nm in spectrophotometer.

Determination of Acid and Peroxide Values

First, the milk fat extaction were performed
from yoghurt samples (34). For this purpose, 250 g of
yoghurt was filtered by crude filter during 2 hours in
refrigerator, then the concentrated yoghurt sample
was squashed with kieselguhr until it become a dry
structure. The samples were washed 2-3 times with
diethyl ether so the milk fat was dissolved in ether
and then it was removed from the fat in rotary
evaporator. Acid and peroxide value determinations
were made in milk fat samples according to the
method described by Downey (35). The acid value of
the samples was determined by the titration method
and peroxide value determination was made by

spectrophotometric method.

Viscosity

Viscosity of the samples were measured using
HAAKE brand VT 181/VTR 24 model viscosimeter at
+4°C. Measurements were read in grade 1 and the
results were calculated according to the formula:

Viscosity (cP) = Measurement x Grade x 100

(Probe constant)

Sensory Evaluation

Flavor, structure properties and acceptability of

the samples were evaluated with multiple

comparation analysis by 15 panelists (36).
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Statistical Analysis

pH value, titratable acidity, lactic acid, acid and
peroxide values and viscosity of the samples were
evaluated by repeated measurement ANOVA. There
were three levels as 1st, 7th and 15th days of storage
factor and four levels as A,B,C and D of sample
factorin research. Repeated measurements were
analysed in levels of storage factor. The statistical
differences in dry matter and fat content betweeen
sample means were analysed by variance analysis.
DUNCAN test was used to determine the difference
among samples. The analysis were calculated by IBM
SPSS Statistics 20 and multiple comparision were

calculated by Mstat c package program.

RESULTS and DISCUSSION

Some properties of the raw milk used in the
production of samples were detected. According to
the results, fat content of the raw milk was
determined to be 3.37 + 0.07 g/100 g, non-fat dry
matter content was 10.00 * 0.00 g/100 g, pH value
was 6.85 + 0.06 and the titratable acidity was
determined to be 7.37 £ 0.16 °SH.

Total dry matter and fat content of the control
sample (A) and the other samples which have
different levels of odourless fish oil (B, C, D) are given
in Table 2.

Table 2. Total dry matter and fat content of the
blackberry fruit yoghurt samples (n=3).

Tablo 2. Bogurtlenli yogurt oOrneklerinin toplam
kurumadde ve yag icerikleri (n=3).

Total dry matter

Sample (£.1008") Fat (g.100g™?)
A 15.71 £ 0.085 2.85+0.050
B 15.57 £0.379 2.85+0.050
C 15.22 £ 0.365 2.95+0.050
D 15.451+0.241 2.95+0.050

The differences in total dry matter and fat
content of yoghurt samples were not statistically
significant (P>0.01) since the yoghurt milk was
standardized.

pH and titratable acidity values, lactic acid

contents, acid and peroxide values of the samples are

given in Table 3.

Table 3. pH and titratable acidity values, lactic acid contents, acid and peroxide values of the blackberry yoghurt

samples (n=3).

Tablo 3. Bogurtlenli yogurt 6rneklerinin pH ve titrasyon asitligi degerleri, laktik asit icerikleri, asit ve peroksit

degerleri (n = 3).

Storage Titratable Lactic acid Acid value (mg Peroxide value

Sample (day) pH value acidity (2SH) content (g.100g!) KOH/g oil) (mEq O2/kg oil)
A 1 4.11+£0.065 48.20+0.209 0.37+0.016 9.10+£1.020 2.80 +0.788"¢

A 7 4.09+0.074 50.05+0.834 0.42 £ 0.021 10.26 + 0.679 8.14 £ 0.416"°

A 15 4.07£0.060 54.27 +£0.567 0.45 £ 0.029 9.78 £0.139 3.64 +2.150"°

B 1 4.18+0.017 46.17+2.320 0.34£0.013 7.00 £ 0.546 72.80 + 1.920%
B 4.14+0.046 49.25+1.410 0.38 £ 0.037 6.88 £1.080 46.10 + 3.138

B 15 4.11+0.029 53.68+1.710 0.42 £ 0.009 6.72 £0.430 44.97 +0.7555
C 1 4.17 £0.018 45.31+2.060 0.36 £0.018 8.25+1.300 25.89 + 0.556"°
C 7 4.12+0.034 47.92 +£0.906 0.37+0.018 7.83+£0.253 24.67 £ 0.955%°
C 15 4.09+0.021 52.31+1.440 0.39+0.016 11.18 +0.310 31.53 + 4.630*°
D 1 4,18 +£0.003 46.32+1.490 0.37+£0.016 8.46 +1.320 7.84 + 1.500%°

D 7 4.12+0.040 48.67+0.809 0.37 £0.027 9.16 £ 3.000 18.17 + 2.4107¢
D 15 4.10+0.024 53.44+0.934 0.39 £ 0.009 11.21 +0.582 10.76 + 4.000%¢

Within the storage days, values with different uppercase letters (A, B) are significantly different (P<0.05).
Within the samples, values with different lowercase letters (a, b, c) are significantly different (P<0.01).
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pH value of the control sample was slightly
lower than pH of the other samples, but the
difference is not statistically important (P>0.05).
However, the changes in pH value of the samples
during the storage period was statistically important
(P<0.01). The pH value of samples were decreased
during storage period because of accumulation of
lactic acid (37). These results were in accordance with
the literature (38,39).

The differences among titratable acidity of
samples was not statistically important (P>0.05), but
during the storage period titratable acidity of
samples increased. Also, many researches refered to
the same results (24,38,40).

Lactic acid is one of essential compounds in
yoghurt, responsible for the characteristic sharp and
acidic flavour. The lactic acid levels of blackberry
yoghurt samples were determined to be between
0.36-0.45 g.100g™. Addition of odourless fish oil did
not effect the lactic acid content of yoghurt samples
(P>0.05). However, the changes in the lactic acid
levels of samples during storage period were found
to be statistically important (P<0.01). Lactic acid
content of all samples have increased during the
storage. Similar results were obtained by some
researchers (41,42).

No statistical difference was found in acid
degree values neither among samples nor on
different days of storage (P>0.01). Thus, addition of
odourless fish oil did not effect acid degree values of
the samples.

The differences between control sample and
odourless fish oil added samples with respect to
peroxide value was statistically important (P<0.01).
The change in peroxide value of Sample B was
statistically important (P<0.05) during the storage
period but that of the other samples’ were not. Also
an interaction was found between the samples and
storage period (P<0.01). Sample B had the highest
peroxide value and the control sample had the
lowest. This result arise from the differences of fatty
acid composition of fish oil which has high amount of

unsaturated fatty acids. Similar results were also
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obtained in a research on milk emulsions fortified
with fish oil (8). Peroxide values of the odourless fish
oil added samples were detected in high amounts
although panelists did not state any oxidized taste
during the sensory evaluation. Oxidized taste of the
yoghurt samples may have been masked due to the
blackberry fruit extract.

The use of odourless fish oil did not effect the
viscosity of samples but control sample had higher
viscosity than that of fish oil added samples. Viscosity
values of all samples increased on the 7th day of
storage but then decreased on the 15th day. Finally
the viscosity value of samples were not importantly
changed on the 15th day of the storage compared to
the 1st day and this changes in viscosity of all samples
during storage period was not found to be
statistically important (P>0.05). The viscosity values

of the yoghurt samples are given in Table 4.

Table 4. Viscosity values of the blackberry fruit
yoghurt samples (n=3).

Tablo 4. Bogirtlenli yogurt 6rneklerinin viskozite
degerleri (n = 3).

Sample Storage (day) Viscosity (cP)
A 1 783 £109.0
A 7 900 +£0.0

A 15 750 +28.9
B 1 767 £66.7
B 7 850+ 76.4
B 15 750 + 50.0
C 1 717 £60.1
C 7 800 +57.7
C 15 733+44.1
D 1 767 £66.7
D 7 850+ 76.4
D 15 750 £ 28.9

Panelists could not perceive any difference
between the sample that had the lowest (0.3%)
odourless fish oil (D) and control sample (A) on the
1st day of storage. Sample C, which had 0.5%
odourless fish oil, was stated to be less tasty when
compared to sample A by 12 of the panelists. Sample

B having the maximum odourless fish oil was
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evaluated less tasty than sample A by all of the
panelists.

On the 7th day of storage, sample D was
indicated almost the same as sample A by 10 of
panelists while the other 5 pointed out sample D as
more tasty than sample A. Sample C was perceived as
less tasty than the control sample by 11 of panelists
and 4 of the panelists could not find any differences
between the samples. In this period, similar to the
evaluation results on 1st day of storage, Sample B
was also less tasty than sample A according to all of
the panelists on the 7th day of storage.

Sample B, C and D were perceived quite similar
to sample A with respect to the structural properties
by all of the panelists on the 1st, 7th and the 15th
days of storage. Sample B was generally
unacceptable. Sample C was acceptable on the 1st
and the 7th days of storage but unacceptable on the
last day of storage. Sample D was the most liked
sample during the storage. In general, samples’
sensory quality increased until the 7th day of the
storage, then decreased.

In conclusion, this study demonstrated that
blackberry yoghurt enriched with odourless fish oil
could be a good source of essential Omega-3 fatty
acids consumption. Odourless fish oil addition did
not significantly effect pH, titratable acidity, lactic
acid, viscosity and acid degree value of yoghurt
samples. However, its effect on peroxide value of
samples was evident since unsaturated fatty acid
amount was increased with addition of odourless fish
oil. According to the sensory assesment, sample C
and D were acceptable and the structural properties
of none the samples were effected by the addition of
odourless fish oil. The essential amount of the
EPA+DHA is 0.3-0.5 g/day for healthy people and
since the 250 g of sample D provides 0.25 g EPA+DHA
and 250 g of sample C provides 0.4 g EPA+DHA it is
easily possible that the requirement of EPA+DHA can
be supplied by consuming approximately 250 g of the

sample D and approximately 150 g of the sample C.

148

Conflict of interest
The authors declare that they have no conflict

of interest.
REFERENCES

1. Simopoulos AP., 2016. An increase in the
Omega-6/0mega-3 fatty acid ratio increases
the risk for obesity. Nutrients, 8, 1-17.

2. lLaye S., Nadjar A., Joffre C., Bazinet RP., 2018.
Anti-Inflammatory effects of Omega-3 fatty
acids in the brain: Physiological mechanisms
and relevance to pharmacology. Pharmacol
Rev, 70, 12-38.

3. Hooper C., De Souto Barreto P., Pahor M.,
Weiner M., Vellas B., 2018. The relationship of
Omega 3 polyunsaturated fatty acids in red
blood cell membranes with cognitive function
and brain structure: A review focussed on
Alzheimer’s disease. J Prev Alz Dis, 5, 78-84.

4. Eltweri AM., Thomas AL., Metcalfe M., Calder
PC., Dennison AR., Bowrey DJ., 2017. Potential
applications of fish oils rich in omega-3
polyunsaturated fatty acids in the management
of gastrointestinal cancer. Clin Nutr, 36, 65-78.

5. Rhee JJ,, Kim E., Buring JE., Kurth T., 2017. Fish
consumption, Omega-3 fatty acids, and risk of
cardiovascular disease. Am J Prev Med, 52, 10-
19.

6. Abdelhamid AS., Brown TJ., Brainard JS., Biswas
P., Thorpe GC., Moore HJ., Deane KHO.,
AlAbdulghafoor FK., CcD.,,
Worthington HV., Song F., Hooper L., 2018.
Omega-3 fatty acids for the primary and

Summerbell

secondary prevention of cardiovascular disease.
Cochrane Database Syst Rev, 11, CD003177.

7.  Kris-Etherton PM., Harris WS., Appel LJ., 2002.
Fish consumption, fish oil, Omega 3 fatty acids
and cardiovascular disease. Circulation, 106,
2747-2757.

8. Simopoulos AP., 2000. Human requirement for
n-3 polyunsaturated fatty acids. Poult Sci, 79,
961-970.

9. AltunT., Usta F., Celik F., Danabas D., 2004. Su



Effect of Using Odourless Fish ...

Turkmen et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Urunlerinin insan sagligina yararlari. Turk Sucul
Yasam Dergisi, 3, 11-18.

Kuda O., Rossmeisl M., Kopecky J., 2018.
Omega-3 fatty acids and adipose tissue biology.
Mol Aspects Med, 64, 147-160.

Sahingdz SA., 2007. Omega-3 yag asitlerinin
insan saghgina etkileri. Gazi Universitesi
Endustriyel Sanatlar Egitim Fakultesi Dergisi, 21,
1-13.

Conquer JA., Tierney MC., Zecevic J., Bettger
WJ., Fisher RH., 2000. Fatty acid analysis of
blood plasma of patients with alzheimer’s
disease, other types of dementia, and cognitive
impairment. Lipids, 35, 1305-1312.

Greenberg JA., Bell SJ., Ausdal WV., 2008.
Omega-3 fatty acid supplemantation during
pregnancy. Rev Obstet Gynecol, 1, 162-169.
Damsgaard CT., Lauritzen L., Hauger H., Vuholm
S., Teisen MN., Ritz C., Hansen M., Niclasen J.,
Molgaard C., 2016. Effects of oily fish intake on
cardiovascular risk markers, cognitive function,
and behavior in school-aged children: study
protocol for a randomized controlled trial.
Trials, 17, 510.

Denomme J., Stark KD., Holub BJ., 2005. Directly
quantitated dietary (n-3) fatty acid intakes of
pregnant Canadian women are lower than
current dietary recommendations. J Nutr, 135,
206-211.

Barragan E., Breuer D., Dopfner M., 2017.
Efficacy and safety of Omega-3/6 fatty acids,
methylphenidate, and a combined treatment in
children with ADHD. J Atten Disord, 21, 433-
441.

Tamime AY., Robinson RK., 2007. Tamime and
Robinson’s Yoghurt Science and Technology.
3rd ed., 250-290, Woodhead Publishing
Limited, USA.

Ozer B., 2006. Yogurt Bilimi ve Teknolojisi, 1.
basim., 320-370, Sidas Medya Ltd. Sti., izmir.
Yiicecan S., 2008. Optimal Beslenme. 1. basim,
Saglk Bakanhgi, No: 726, Ankara.

Yang W., Ma Y., Smith-Warner S., Song M., Wu

149

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

K., Wang M., Chan AT., Ogino S., Fuchs CS.,
Poylin V., Ng K., Meyerhardt JA., Giovannucci
EL., Zhang X., 2019. Calcium intake and survival
after colorectal cancer diagnosis. Clin Cancer
Res, 25, 1980-1988.

Hossain MN., Fakruddin M., Islam MN., 2012.
Quality comparison and acceptability of yoghurt
with different fruit juices. Int J Food Processing
Techno, 3, 1-5.

Robinson RK., 1995. The potential of inulin as a
functional ingredient. Br Food J, 97, 30-32.
Yong-Kang L., Quan-Yu W., Tong-Xin L., Shuan-
2005.

concentrate (wpc-80 and wpc-34) on yoghurt

Hong Z, Effects of whey protein
functional properties. Food Sci, 26, 122-124.
Singh G., Muthukumarappan K., 2008. Influence
of calcium fortification on sensory, physical and
rheological characteristics of fruit yogurt. LWT-
Food Sci Technol, 41, 1145-1152.

Sabeena Farvin KH., Baron CP., Skall Nielsen N.,
Jacobsen C., 2010. Antioxidant activity of
yoghurt peptides: Part 1-in vitro assays and
evaluation in w-3 enriched milk. Food Chem,
123, 1081-1089.

Estrada JD., Boeneke C., Bechtel P., Sathivel S.,
2011. Developing a strawberry yogurt fortified
with marine fish oil. J Dairy Sci, 94, 5760-5769.
Rognlien M., Duncan SE., O’Keefe SF., Eigel WN.,
2012. Consumer perception and sensory effect
of oxidation in savory-flavored yogurt enriched
with n-3 lipids. J Dairy Sci, 95, 1690-1698.
Tamjidi F., Nasirpour A., Shahedi M., 2012.
Physicochemical and sensory properties of
yogurt enriched with microencapsulated fish
oil. Food Sci Technol Int, 18, 381-390.

Dal Bello B., Torri L., Piochi M., Zeppa G., 2015.
Healthy yogurt fortified with n-3 fatty acids
from vegetable sources. J Dairy Sci, 98, 8375-
8385.

Ghorbanzade T., Jafari SM., Akhavan S., Hadavi
R., 2017. Nano-encapsulation of fish oil in nano-
liposomes and its application in fortification of
yogurt. Food Chem, 216, 146-152.



Effect of Using Odourless Fish ...

Turkmen et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hooi R., Barbano DM., Bradley RL., Budde D.,
Bulthaus M., Chettiar M., Lynch J., Reddy R.,
Arnold EA., 2004. Chemical and physical
methods. In “Standard Methods for the
Examination of Dairy Products”, Ed., HM. Wehr,
JF. Frank, 363-532, American Public Health
Association, Washington.

James SC., 1999. Analytical Chemistry of Foods.
2nd ed., 13-35, Chapman & Hall, London.
Steinsholt K., Calbert HE., 1960. A rapid
colorimetric method for the determination of
lactic acid in milk and milk products.
Milhwissenschaft, 15, 7-11.

AOAC, 2000. Official methods of analysis of
AOAC international. 17th ed., 30-70, AOAC
International, Gaitherburg, MD, USA.

Downey WK., 1975. Butter Quality. Published by
An Foras Taluntais 19 Sadyamount Avenue
Dublin 4, Dairy Research and Review Series
No.7.

Meilgaard M., Civille GV., Carr BT., 1999.
Sensory Evaluation Techniques. 3rd ed., 95-120,
CRC Press LLC, Boca Raton.

Onlutirk A,

Mikrobiyolojisi. 3.

Turantas F., 2003.
Baski, 250-285,

Universitesi Meta Basim Matbaacilik Hizmetleri,

Gida
Ege

izmir.
Kigukoner E., Tarakgi Z., 2003. Influence of
different fruit additives on some properties of
stirred yoghurt during storage. YYU J Agr Sci, 13,
97-101.

Tarakgi Z., 2010. Influence of kiwi marmalade on
the rheology characteristics, color values and
sensorial acceptability of fruit yogurt. Kafkas
Univ Vet Fak Derg,16, 173-178.

El-Tanboly EE., 2007. Effect of plant proteinase
from jack fruit (Artocarpus integrifolis) on
rheological and sensory characteristics of low
fat yoghurt as a functional food. The Saudi
Society for Food and Nutrition 2, 70-80.
Kiigukakgil 0., 2006. Karbonhidrat esasli yag
ikame maddesi

kullanilarak vyagsiz yogurt

Gretiminde kurumadde artiriminin yogurdun

150

42.

kalitesi Gizerine etkisi. Ankara Universitesi, Fen
Bilimleri EnstitUsd, Turkiye.

Dias ACB., Silva RAO., Arruda MAZ., 2010. A
sequential injection system for indirect
spectrophotometric determination of lactic acid
in yogurt and fermented mash samples.

Microchem J, 96, 151-156.



