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ABSTRACT

Trans-fat consumption is an important risk factor for cardiovascular diseases, which is one of the
leading causes of death worldwide. With the 'REPLACE' action plan of the World Health Organ-
ization, which aims to zero global trans-fat consumption by 2023, steps are taken by the countries
of the world to zero trans-fat. In this article, trans-fat content information of packaged food prod-
ucts was researched in Tiirkiye. Trans-fat content was classified into 4 categories and a total of
1411 packaged food products divided into 11 categories were examined and it was found that
71.2% of them contained frans-fat-free content. According to the label information, the usage rate
of 'no trans-fat or trans-fat free' statements in all categories is 25%. In addition, it was determined
that 7.1% of these products used vague expressions that did not provide clear information about
trans-fat content. When evaluated in general, the use of alternative substitutes should be encour-
aged and effective policies should be developed in order to eliminate frans fat in Tiirkiye as well
as in the rest of the world.

Keywords: Trans-fat, Trans-fatty acids, 'REPLACE' action plan, Food labeling, Food security
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Introduction

Issues such as difficulties in ensuring food safety, barriers to
access to healthy food, population growth, and the effects of
climate change, slow improvement of food processing condi-
tions, and limits on the use of alternative healthy substitutes
increase the importance of food safety issues. In this context,
unhealthy eating habits, one of the most important problems
of today, should not be seen as an individual lifestyle choice.
Health problems that occur as a result of unhealthy nutrition
are a reflection of international legal regulations and institu-
tional strategies (Parziale & Ooms, 2019). Fat substitutes
with trans-fat content are used to meet the expectations of
many foods, to gain desired textural, rheological, and sensory
properties, and to improve shelf life. For this reason, interna-
tional roadmaps have been created for the classification and
zeroing of foods with trans-fat content. The World Health
Organization (WHO) has published the 'REPLACE' action
package to remove industrially produced TFA from the
global food supply by 2023. The REPLACE action package
has 6 modules and provides a strategic roadmap for removing
industrially produced TFA from national food sources
(Ghebreyesus & Frieden, 2018; Huang et al., 2020; Spajic,
2020).

Trans-fatty acids (TFA) can be defined as monounsaturated
fatty acids (MUFA) or polyunsaturated fatty acids (PUFA)
containing at least one carbon-carbon trans-double bond in
fatty acids. Although the chemical composition of a cis and
trans-fatty acid is the same, this change in bond structure
causes changes in many functional properties (Lichtenstein,
2015; Pase et al., 2021). Research so far has shown that fre-
quent consumption of TFA-containing foods causes cardio-
vascular risks, neuropsychiatric sensitivity, and hyperactive
behavior. In addition, it has been reported that oxidative dam-
age in the brain regions of the offspring increases in the case
of frequent consumption of foods containing TFA during
pregnancy and lactation (Mouratidou et al., 2014; Oteng &
Kersten, 2020; Pase et al., 2015; Spaji¢, 2020; Trevizol et al.,
2015; Verneque et al., 2020). Trans-fat is one of the major
causes of more than 5.7 million deaths per year worldwide,
according to 2020 data, due to occlusion of the heart vessels
and causing heart attacks (WHO, 2021). In Tiirkiye (80 mil-
lion population), approximately one hundred thousand people
(23% of all deaths) died due to cardiovascular diseases in
2020. One of the important factors causing death from cardi-
ovascular diseases is the consumption of foods containing
trans fatty acids (World Health Rankings, 2021). Due to the
very high industrial TFA content of some fast-food foods, 10
to 25 g of TFA per day may be consumed in many countries.

It is stated that taking about 5 g of trans-fat in daily consump-
tion is associated with a 25 percent increase in the risk of
heart disease (Stender & Jorn, 2006).

With the publication of a study in 1993 that TFA consump-
tion increases the risk of coronary heart disease, it attracted
media attention, and efforts were made to limit the intake of
industrially produced TFA (Willett et al., 1993). In 2003,
Denmark became the first country to take legal action to re-
strict TFA by enacting a law limiting industrially produced
TFA to a maximum of 2% in food products (Stender, 2020;
Tarar et al., 2020). To date, 62 countries around the world
have been involved in the TFA restriction process and have
implemented a national policy, strategy and action plan. For
64 countries, it is known that no steps have been taken yet in
terms of combating TFA. More than forty percent of the
world's population currently lives in countries with manda-
tory TFA restrictions (WHO, 2020b). Examining the policies
to limit TFA across Europe, the EU has agreed to limit indus-
trially produced TFA in all food products to 2 g TFA per 100
g total fat. These regulations will directly apply in all member
States of the EU as well as in the European Economic Area
(EEA) (Temkov & Muresan, 2021). Due to its harmonization
process with the EU, Tiirkiye made legal regulations in May
2020 to limit TFA to 2 g per 100 g of total oil. The regulations
entered into force in 2021 (WHO, 2020a). In this context, the
roadmap created by the WHO specific to trans-fat directly
affects food packaging, consumer preferences and policies to
be created (Hartmann et al., 2018).

REPLACE Action Plan to Limit TFA Consumption

The REPLACE action package created to reset the industri-
ally produced TFA consists of a strategic roadmap consisting
of 6 modules. The first module in this roadmap is defined as
'Review'. This module includes reviewing the available in-
formation on industrially produced TFA at the country level,
examining the production-consumption processes, determin-
ing the policies applied and to be implemented, and gathering
information about potential trans-fat sources in the market.
The ultimate goal is to identify and implement best-practice
legislative measures to remove industrially produced TFA
from the national food supply (WHO, 2019b).

In general, legislation and regulations do not specify which
type of oil should be used instead of industrially produced
TFA. Using healthier oils instead of oils containing TFA will
meet the health expectations of consumers at the highest
level. The second module, 'Promote’, provides a roadmap for
the development and implementation of strategies for identi-
fying industrially produced oils with the lowest risk of TFA



Research Article

Food Health 9(1), 1-12 (2023) e https://doi.org/10.3153/FH23001

and promoting the use of these healthier oils. These strategies
generally include agricultural policies and industry incentives
for healthy fats, covering the whole process from agriculture
to industry to government policies in order to facilitate and
accelerate the transition to healthy fats (WHO, 2019c¢).

In order to eliminate industrially produced TFA, the selection
of policies to be carried out and the framework of these policy
arrangements should be well defined. The third module, Leg-
islate, provides guidance on designing, enacting and imple-
menting legislation appropriate to each country's structure, or
selecting policies so that existing legislation can be updated
to reduce industrially produced TFA (WHO, 20194d).

In order to remove TFA from the global food supply in ac-
cordance with the REPLACE action plan, it is very important
that how many TFA source foods are consumed in countries
and that the policies implemented to eliminate TFA be legally
followed. The fourth module, Assess, was created to guide
the necessary practices in order to reset a country according
to its TFA consumption rates (WHO, 2019¢).

While countries are implementing many practices to elimi-
nate TFA in foods with their policies, they should also de-
velop a communication strategy very carefully. In determin-
ing the policies to be implemented, industry representatives
should be in communication with regard to cost, management
of changes in product formulation. The fifth module, Create,
addresses the necessity of conducting the communication
channels with the most effective methods in policy determi-
nation and implementation processes and offers suggestions
(WHO, 2019f).

The last module, Enforce, includes a series of activities such
as informing stakeholders about the new legislation in the im-
plementation of policies for resetting TFA, collecting com-
plaints from consumers, inspections of products and facili-
ties, analysis, control of labeling, and sanctions in case of vi-
olation. In general terms, it is stated that the process of reset-
ting the TFA amount will be maintained quite easily when the
issues such as establishing a good communication environ-
ment in the policy development processes, conducting the au-
dits within a certain plan, and balancing the sanctions in case
of violations are taken into account (WHO, 2019g).

Trans-Fat Source PHO and Alternative Fat Replacements

Unsaturated fatty acids found in vegetable oils naturally have
only cis-double bonds. The primary source of TFA, which is
the focus of the 'REPLACE' action package, is partially hy-
drogenated oils (PHOs), formed as a result of the partial hy-
drogenation process (Parziale & Ooms, 2019; WHO, 2019a).
Although naturally and industrially occurring TFA is in the

range of 3-6% to oils obtained from ruminant milk and meat
sources, it can occur at a rate of about 2% during the refining
of vegetable oils, about 3% when exposed to high tempera-
ture applications for a long time, and about 25-45% in PHO
production (Martin et al., 2007; Temkov & Muresan, 2021;
Van Duijn, 2005). The United States Food and Drug Admin-
istration (FDA) defines PHO as 'oils and fats that are hydro-
genated but incomplete or not fully saturated and have an io-
dine value (IV) greater than 4' (Kotoski & Srigley, 2018). It
can be listed as an alternative to partially hydrogenated oils;
fully hydrogenated oils, natural oils at room temperature (oils
rich in oleic acid, oils containing antioxidants and emulsifi-
ers), natural fats at room temperature (animal fats, palm, palm
kernel, coconut oils), fractionated oils (liquid palm-olein,
solid palm, palm-stearin), interesterified oils (enzymatic,
chemically transformed oils with fatty acid profile), mixed
oils (viscous liquid-solid oil mixture), combination mixtures
(a mixture of fractionated oils and interesterified oils) (Dun-
ford, 2017; Van Duijn, 2005).

In the early uses of the partial hydrogenation technique ap-
plied to fats, it was assumed that all saturated fatty acids were
healthier than unsaturated fatty acids and that replacing satu-
rated fatty acids with unsaturated fats containing frans-fatty
acids would result in lower cardiovascular disease. Today, it
is also clear that reducing the consumption of saturated fatty
acids and replacing them with healthier alternatives is bene-
ficial. Therefore, WHO reports (Downs et al. 2018) from time
to time state that it is necessary to exclude partially hydro-
genated fats from the diet, to limit TFA intake to less than 1%
of total energy intake, and to limit saturated fatty acid intake
to less than 10% of the total. PHO in products should be re-
placed with formulations containing as little saturated fatty
acid as possible and as much unsaturated fatty acid as possi-
ble. Saturated fatty acids should be used in a limited number
of applications for which there is no alternative. There is a
significant difference between using palm kernel oil high in
saturated fat as an alternative to oil high in TFA, and replac-
ing it with a mixture of oils high in unsaturated fat and some
saturated fat. The second approach is much healthier (Dun-
ford, 2017; Van Duijn, 2005).

Health Evaluation of PHO Alternatives

For a fat substitute to be considered healthy, it is generally
accepted that Saturated Fatty Acid (SFA) should be as low as
possible and PUFA as high as possible, preferably containing
both omega-6 and omega-3 fatty acids. In addition, these oil
substitutes are expected to have high oxidation resistance
(rich in oleic acid). Each step of processing oils and fats for
the production of PHO-free oil substitutes (refining, fraction-
ation, hydrogenation, interesterification, blending) incurs
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some costs. This makes palm oil, the cheapest oil in the
world, indispensable. This oil is about one-third cheaper than
even common soybean oil (Spaji¢, 2020; WHO, 2019c¢).

For liquid oils, palm oil liquid fractions, animal-derived lig-
uid oils, tropical liquid oils are not recommended for health
reasons. Liquid oils with low PUFA and high MUFA content
are usable alternatives to oil substitutes, which are not recom-
mended for health reasons. Antioxidant-rich oils containing
high PUFA, oils containing high MUFA-medium PUFA are
recommended because of their positive health effects. For
semi-solid oils, palm oil semi-solid fractions, animal origin
oils, tropical oils are not recommended for health reasons.
Semi-solid oils obtained by producing hardstocks by interest-
erification using oils containing low PUFA and blending
hardstocks with oils containing low PUFA can also be used
as an alternative to fat substitutes, which are not recom-
mended for health reasons (Abramovic et al., 2018; Menaa et
al., 2013; WHO, 2019c¢). Hardstocks produced by interester-
ification using oils containing high PUFA and semi-solid oils
obtained by blending hardstocks with oils containing high
levels of PUFA are recommended because of their positive
health effects. For solid oils; palm oil solid fractions, fully
hydrogenated vegetable oils, coconut oil, palm kernel oil are
not recommended for health reasons. Solid fats obtained by
producing hardstocks by interesterification using oils con-
taining high PUFA, solid fats obtained by mixing hardstocks
with oils containing high PUFA can be used as an alternative
to fat substitutes that are not recommended for health reasons.
In addition, solid fats obtained by producing hardstocks by
interesterification using oils containing MUFA are not highly
recommended. Solid fats are generally not recommended due
to limited positive health effects (Albuquerque et al., 2011;
WHO, 2019c¢).

The most effective way to completely remove industrially
produced TFA from the global food supply, ban or strictly
limit the use of TFA-containing foods is to establish and en-
force regulations with frequent inspections. A growing num-
ber of countries, such as Tiirkiye, are complying with the
WHO's call to remove industrially produced trans-fats from
their food sources by 2023 and are developing policies to take
the necessary measures. As a requirement of the policy of ze-
roing trans-fats worldwide until 2023, this study summarizes
the current situation by dividing packaged foods in Tiirkiye
into 4 classes according to their frans-fat content.

Materials and Methods
Data Collection

Market research on the frans-fat content of packaged foods
consumed in Tiirkiye was carried out through five national
supermarket chains determined by the preliminary study. In
the selection of the five nationwide supermarket chains, the
markets with considerably high market share and product va-
riety, reflecting the consumer preferences across the country
in the products they sell were preferred. Official permission
and ethics committee approval were obtained from all super-
market chains and administrative authorities included in this
study. In order to examine the trans-fat label information and
nutritional value panels of food products in supermarkets, 11
food categories were determined. The categories were deter-
mined as bakery products, convenience foods, oils, powdered
beverages, spreads-sauces, pastry products, breakfast cereals-
baby foods, processed meats, ice creams, chocolates and
chips-snacks (Ricardo et al., 2019). It was not necessary to
examine packaged food products that do not contain oil and
do not have the potential for industrial trans-fats (such as bev-
erages, honey products, dairy products).

At least 3 photographs were taken, including the front of each
package, the trans-fat information panel, if any, the ingredi-
ent list, weight and the nutritional value panels. In order to
ensure the healthy progress of the data collection process, the
photographs taken were quickly saved in the data pool. In or-
der to avoid duplication, product information was entered in
detail and codes were entered for each product, taking into
account the category it was linked to. Generally, it is pre-
ferred to photograph large-sized products in similar products
where the package size differs. For this study, data collection,
classification and recording were carried out by 2 field work-
ers. The first of the field workers has expertise in the field of
dietetics, the second in the field of food engineering. All field
workers have training in food composition and labeling. In
addition, field workers photographed the products using
smartphones with high-resolution cameras. The data collec-
tion process was carried out during the summer holidays of
2021 so as not to disrupt the operation of the supermarkets,
and photographs were taken on Tuesday, Wednesday and
Thursday when the customer density was relatively low. Pho-
tographs of the products were taken during the daytime hours
and for a maximum of 30 minutes in a way that would not
disturb the customers. All photographing processes were
completed within 2 months. Field workers kept ID cards dur-
ing data collection. Field workers tried not to communicate
with customers and emphasized that it was an 'ordinary label-
ing exercise' when necessary. As a result of all this work,
1411 samples were examined one by one and approximately
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5049 photographs were taken. All the methods used in the
collection and classification of labeling data were developed
by Kanter et al. carried out by adapting their working model
(Kanter et al., 2017).

Classification of Trans-Fat Content According to Label
Information

Keywords used to identify products with frans-fat content are
listed in Table 1 (Modified from Ricardo et al., 2019). The
term 'specific' is used for products with keywords known to
be sources of trans-fat. Partially hydrogenated oil, hydrogen-
ated vegetable oil and hydrogenated are selected for this cat-
egory. Classifications of 'probably’ for products likely to be a
source of trans-fats, 'low possibility' for products that are un-
likely to be a source of trans fat, and 'uncertain' for products
with ambiguous keywords were used. Shortenings and mar-
garines were determined for products probably to be sources
of trans-fat. Although advanced techniques are applied today
to eliminate these products from being a source of trans-fat,
they are still considered a source of frans-fat (Abramovic et
al., 2018; Stender, 2020; Tarar et al., 2020).

Table 1. Classification of #rans-fat content according to la-
bel information

Classifications Keywords
of trans-fat
Specific Partially hydrogenated oil, hydrogen-

ated vegetable oil, hydrogenated

Probable Shortenings, margarine

Low possibility | Fully hydrogenated oil, refined oil, non-
hydrogenated oil, palm olein, frying
oils, vegetable cream, shea

Uncertain Organic vegetable oil, oil powder, palm

oil fractions, butter flavored vegetable
oil, vegetable oil

Results and Discussion

For the bakery products (biscuits, cakes, crackers and bakery
products) category, 312 samples were examined (Table 2).
The term 'vegetable oil' is used in the contents of these prod-
ucts at a rate of 92%. The remaining 8% use the terms vege-
table oil powder, butter flavored vegetable oil, margarine,
vegetable anhydrous oil, Fully Hydrogenated Oil (FHO),
PHO and Hydrogenated Oil (HO). Next to these statements
on the packages, the current oil content was listed in paren-
theses. PHOs, which were indicative of the presence of trans-
fat, were found at an average rate of 3.2% among 312 sam-
ples, and contents probable to contain 1.9% of trans-fat were

found. Fat content with a low possibility of trans-fats was de-
tected in 18% of the products in this category, and ambiguous
expressions were used in 3.2%. According to the list of ingre-
dients, 74% of the 312 samples had fat contents without the
potential to contain trans-fats (Figure 1). In the label infor-
mation, the statements 'mo trans-fat or trans-fat free' were
used in 34.9% and 65.1% of them did not find any infor-
mation about trans-fat (Figure 2).

127 samples were examined for the category of ready-to-eat
foods (instant frozen products, instant soups, ready-made
desserts, canned foods). The term 'vegetable oil' is used in the
contents of these products at a rate of 90% (Table 1). The re-
maining 10% use the terms frying oil, vegetable refined oil,
margarine, vegetable anhydrous oil, FHO and HO. PHO,
which was a clear indicator of trans fat content, was found at
a rate of 0.8% in the content information and contents that
were probable to contain 5.5% trans-fat have been identified.
Low possibility was determined in 15.7% of the products in
this category, and uncertain expressions were used in 5.5% of
the products. Based on the ingredient list, 72.4% of the 127
samples had a fat content without the potential to contain
trans-fats (Figure 1). In the label information, the statements
'no trans-fat or trans-fat free' were used at a rate of 13.4%. No
information on trans-fat was found in 86.6% (Figure 2). It
was useful to underline that packaged foods in this category
have the least trans-fat content information.

83 products were reviewed for the spreads and sauces cate-
gory. The term 'vegetable oil' is used in the contents of these
products at a rate of 88% (Table 1). The remaining 12% did
not use a term related to fat content. PHO, which was a clear
indicator of trans-fat content, and probable trans-fat source
content information were not found. Low possibility was de-
termined in 11% of the products in this category, and uncer-
tain expressions were used in 14.5% of the products. Accord-
ing to the ingredient list, 74.7% of the 83 samples examined
had a fat content without the potential to contain trans-fats
(Figure 1). In the label information, the statements 'no trans-
fat or trans-fat free' were used at a rate of 26.5%. No infor-
mation on trans-fat was found in 73.5% (Figure 2).

For the fat category (refined oils, unrefined oils, margarines,
shortenings), 52 samples were examined. The term 'vegetable
oil' is used in the contents of these products at a rate of 65.4%.
The remaining 34.6% were termed margarine and shortening.
PHO and HO, which were clear indicators of trans-fat con-
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tent, were not included in the content information. The con-
tent information that there was a probable source of trans-fat
is 40.6%. The high value of this value was due to the fact that
although margarine production processes have recently been
improved with different techniques, they were still consid-
ered as a potential source of trans-fat. Low possibility was
determined in 4.8% of the products in this category, and un-
certain expressions were used in 3.8% of the products. Ac-
cording to the ingredient list, 48.1% of the 52 samples exam-
ined had a fat content without the potential to contain trans-
fats (Figure 1). In the label information, the statements o
trans-fat or trans-fat free' were used at a rate of 38.5%. No
information on trans-fat was found in 61.5% (Figure 2).
These results were low, as expected, since there was no need
to use the expression for trans-fat in liquid oils.

53 samples were examined for pastry materials. The term
'vegetable oil' is used in the contents of these products at a
rate of 96.2%. The remaining part does not contain a term
related to fat content. While PHO and HO content, which
were clear indicators of trans-fat content, are 2%, no fat con-
tent that could be a probable source of trans-fat was found.
Low possibility was determined in 43.4% of the products in
this category, and uncertain expressions were used in 3.8% of
the products. According to the ingredient list, 50.9% of the
53 samples examined had a fat content without the potential
to contain trans-fats (Figure 1). In the label information, the
statements 'mo trans-fat or trans-fat free' were used in pastry
products (Figure 2). According to these results, it was seen
that more than half of the pastry products, according to the
content information, use fat content with more saturated fatty
acids.

117 samples were examined for the snacks category (chips,
snacks, corn products). The term 'vegetable oil' is used in the
contents of these products at a rate of 94.9%. The remaining
part does not contain a term related to fat content. PHO was
found at a rate of 4% in the content information no fat content
that could be a probable source of trans-fat was found. Low
possibility was determined in 46.2% of the products in this
category, and uncertain expressions were used in 3.4% of the
products. According to the ingredient list, 47% of the 117
samples examined had a fat content without the potential to
contain trans-fats (Figure 1). In the label information, the
statements 'mo trans-fat or trans-fat free' in snack products
were found in 52% of all products. No expression of trans-fat
was found in the remaining 44% (Figure 2). According to the

results of this category, it can be said that almost half of the
products examined consist of products that may contain trans-
fat.

For the chocolate and wafer category, 221 samples were ex-
amined (Table 2). All of these products use the term 'vegeta-
ble oil' in their ingredients. PHO and its derivatives were not
found in this category. In addition, there were no ingredients
that could be a probable source of trans-fats. In the samples
in this category, the rate of low-probability trans fat source
was found to be 20.4%. There was no expression that was
described as uncertain according to the content information.
According to the 221 samples examined, there was a fat con-
tent of 79.6% without the potential to contain trans-fat (Fig-
ure 1). While it was determined that the expressions 'no trans-
fat or trans-fat free' were used for this category at a rate of
40.7%, no information about trans-fat was found at a rate of
59.3% (Figure 2). According to these data, it can be said that
three quarters of the products in this category were safe in
terms of trans fat content, and the remaining quarter were pro-
duced from fat substitutes with a low probability of trans fat
content. Despite this, it was noteworthy that 40.7% stated 'no
trans-fat or trans-fat free'.

For the ice cream category, 87 samples were examined. The
term 'vegetable oil' is used in the contents of these products
at a rate of 88.5% (Table 1). In the remaining part, no expres-
sion was used regarding the oil content. PHO was not seen in
the content information and contents that could probable
trans-fats were not detected. In 3.4% of the products in this
category, ingredients with a low possibility of trans-fat con-
tent were determined, and uncertain expressions were used in
4.6% of the products. According to the ingredient list, 92%
of the 87 samples examined had a fat content without the po-
tential to contain trans-fats (Figure 1). In the label infor-
mation, the statements 'no trans-fat or trans-fat free' were not
used in the entire ice cream category (Figure 2). It can be said
that the packaged foods in this category were the least likely
to contain trans-fat according to the label information.

The number of samples examined for the processed meat cat-
egory (sausage, salami, sausage, ham, etc.) is 127. The term
'vegetable oil' is used in the contents of these products at a
rate of 24.4% (Table 1). This value was low as expected. Also
in the content information, the term "animal fat" was used at
arate of 89% and there was no statement about the fat content
of 7.9%. Specific ingredients, probable ingredients, low pos-
sibility ingredients that were a clear indication of trans-fat
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content were not found in the label information. In 9.4% of
the products in this category, uncertain expressions were used
regarding the oil content. According to the ingredient list,
90.6% of the 127 samples examined had a fat content without
the potential to contain trans-fats (Figure 1). In the label in-
formation, the statements 'no trans-fat or trans-fat free' were
not used in the whole processed meat category (Figure 2).
Since the use of industrially produced oils in packaged prod-
ucts produced in this category was limited, the probability of
trans-fat content was very low.

The number of samples examined for the breakfast cereals,
bars, baby food category is 189. The term 'vegetable oil' is
used in the contents of these products at a rate of 75.1% (Ta-
ble 1). In the content information, in 24.9%, a term related to
oil content was not used. Specific ingredients, probable in-
gredients, low possibility ingredients that were a clear indica-
tion of trans-fat content were not found in the label infor-
mation. In the products in this category, uncertain expressions
were used in 24.9% of the products regarding the oil content.
According to the ingredient list, 75.1% of the 189 samples
examined had a fat content without the potential to contain

trans-fats (Figure 1). When the label information was exam-
ined, the expressions 'no trans-fat or trans-fat free' were used
in this category at a rate of 15.9%, while no expression related
to trans-fat content was found in 84.1% (Figure 2). The rate
of ambiguous statements about the use of industrially pro-
duced oils in packaged products produced in this category
was quite high compared to other categories. It has been ob-
served that the use of the expressions "no trans-fat or trans-
fat free" in the label information is also limited.

The number of samples examined for instant products such
as powdered beverages and coffee is 43. All of these products
use the term 'vegetable oil' in their ingredients (Table 1). Spe-
cific ingredients, probable ingredients, and uncertain state-
ments that were a clear indication of trans-fat content were
not found in the label information. It was observed that FHO,
which was in the low possibility category related to trans-fat
content, was used in all of the products in this category (Fig-
ure 1). When the label information was examined, it was de-
termined that the expressions 'no trans-fat or no trans-fat'
were never used in this category (Figure 2).

Table 2. Number and proportions of packaged foods that contain possible sources of #rans-fat in the ingredient list and that
contain trans-fat information (yes/no) on the packaging (n = number of products)

Categories | Number of List of Ingredients
Products Use of the term Specific Probable Low Uncertain Without Trans-fat Trans-fat content
Examined 'vegetable oil' (%) Possibility trans fat content infor- information (No)
mation (Yes)
n n % n % n % n % n % n % n % n %
1 312 286 92 10 3.2 6 1.9 55 18 10 3.2 231 74 109 34.9 203 65.1
2 127 114 90 1 0.8 7 5.5 20 15.7 7 5.5 92 72.4 17 13.4 110 86.6
3 83 73 88 0 0 0 0 9 11 12 14.5 62 74.7 22 26.5 61 73.5
4 52 34 65.4 0 0 21 | 404 4 4.8 2 3.8 25 48.1 20 38.5 32 61.5
5 53 51 96.2 1 2 0 0 23 43.4 2 3.8 27 50.9 0 0 53 100
6 117 111 94.9 4 3 0 0 54 46.2 4 34 55 47.0 65 55.6 52 44.4
7 221 221 100 0 0 0 0 45 20.4 0 0 176 79.6 90 40.7 131 59.3
8 87 77 88.5 0 0 0 0 3 3.4 4 4.6 80 92.0 0 0 87 100
9 127 31 24.4 0 0 0 0 0 0 12 9.4 115 90.6 0 0 127 100
10 189 142 75.1 0 0 0 0 0 0 47 24.9 142 75.1 30 15.9 159 84.1
11 43 43 100 0 0 0 0 43 100 0 0 0 0 0 0 43 100
TOTAL 1411 1183 83.8 16 1 34 2.4 256 18.1 100 7.1 1005 | 71.2 353 25 1058 75
1 Bakery products (biscuits, cake, crackers, and bakery products) category 6 Snacks category (chips, snacks, corn products)
2 Ready-to-eat foods (ready frozen products, ready soups, ready desserts, 7 Chocolate and wafer category
canned foods) category 8 Ice cream category

3 Spreads and sauces category 9 Emulsified meat products category

4 Edible oils category 10 Breakfast cereals, bars, baby food category

5 Pastry ingredients category 11 Powdered drinks category
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Figure 1. The rate of products in five categories regarding the presence of trans-fat content according to label information
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Figure 2. The yes/no ratios regarding the trans-fat content declared in the information panel of packaged foods
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When all these categories were examined in general, a total of 1411
products were examined. 83.8% of these products use the term 'veg-
etable oil' in their ingredients (Table 1). When examined in general,
the use of the term 'vegetable oil' at a high rate of 83.8% is important
in terms of minimizing the confusion of concepts. While specific
ingredients were found at a rate of 1%, probable ingredients at a
rate of 2.4%, and low possibility ingredients at a rate of 18.1%, un-
certain statements were found in the label information at a rate of
7.1%. When all categories were examined, 71.2% of all products
were not found to contain trans-fat (Figure 1). According to the la-
bel information, the use of the expressions 'no trans-fat or trans-fat
free' is 25% in all categories. The remaining 75% did not include
this information (Figure 2). When all these data were evaluated in
general, it is seen that 71.2% of 1411 products do not use industrial
oils that can be a source of trans-fat. The low probability content of
18.1% is mostly due to the FHA content. According to the packag-
ing information, more than half of 18.1% FHA usage is palm oil-
based FHO usage, which can be considered as an ambiguous figure.
This is because many packages only report palm oil content, but do
not specify which palm oil derivative is used. It is also noteworthy
that ambiguous expressions were used in 7.1% of all these products.
Similarly, studies have been carried out in countries such as Portu-
gal (Costa et al., 2016), Slovenia (Kusar et al., 2021), Pakistan
(Tarar et al., 2020), USA (Albers et al., 2008; Garsetti et al., 2016),
Canada (Franco-Arellano et al., 2020), European Union (Mourati-
dou et al., 2014), Thailand (Chavasit et al., 2020), Brazil (Ricardo
et al., 2019), and Australia (Huang et al., 2020) to determine the
trans-fat content of packaged foods available in the market. Many
of these sources have investigated trans-fat content by performing
analytical analysis with a small number of samples. There are two
sources for comparing the data obtained in this study. In the study
conducted by Ricardo et al., (2019), specific trans-fat-containing
components were found at a rate of 20% in bakery products, 6% in
prepared foods, 2% in spreads and sauces, 2% in edible oil, 12% in
snacks, and 0.6% in breakfast cereals category. . The data obtained
were found to be quite higher than the results obtained in this study.
Franco-Arellano et al., (2020) scanned industrial trans-fats in their
study in 2013-2017 and examined a total of 32875 samples. When
each category is examined, it can be said that similar results in trans-
fat content of packaged foods are also found in our country.

In general, it is reported that trans-fat content is higher in pastry
products, bakery products and ready-made foods compared to other
categories. When these studies were examined, it can be said that
they were compatible with the data obtained. There are various
ways around the world to reset trans fatty acids and meet consumer
health expectations. Unsaturated oils containing high levels of both
omega-3 and omega-6 polyunsaturated fatty acids and oils with the
lowest saturated fat ratio should be preferred as the healthiest oils.
In cases where the oil is used only for frying, liquid oils such as
canola oil that do not oxidize quickly and contain high oleic acid
should be used. For food products where the use of saturated fat is

inevitable, solid fats such as animal fats, fractional oils and fully
hydrogenated oils may be more cost-effective. However, it is not
recommended to use these oils with high saturated fat content as an
alternative to partially hydrogenated oils. For the production of
some food products, mixing oils with natural fats with a high satu-
rated fat content is one of the most economical ways to change the
proportion of partially hydrogenated oils. For example, mixing 1%
or 2% fully hydrogenated oil with oil produces viscous oil that is
easy to use. As a result of interesterification processes, in which the
fatty acids in the oil molecule are mixed and the fatty acid profile
of the oil is rearranged, more solid fat structuring capacity can be
formed at lower total saturated fat levels. For example, a baking
shortening made by interesterification 25% of palm-stearin with
soybean oil will have about 30% saturated fat. Combination blends
(a mixture of fractionated oils and interesterified oils) are a very
suitable method for formulating the fatty acid profile of products.

Conclusion

In terms of food security, many countries are taking steps in the
global fight against trans-fat and developing policies towards zero-
ing it. The policies to be developed are the most necessary steps for
food safety, and it is imperative to carry out scans related to the
current food content in order to develop these policies. Thanks to
the policies to be developed, the producer will be directed to health-
ier alternative substitutes and processing methods and will be su-
pervised. Labeling regulations, on the other hand, will guide the
consumer and meet the healthy food expectations they desired
healthy food expectations. Labeling information, which directly de-
termines the consumer's choice and perception of food, depends on
the contents of packaged food products. While the roadmap created
by WHO specifically for trans-fat aims to provide consumers with
healthier foods, consumer health also depends on the working per-
formance of those who have the legal authority of the states. The
effort and time spent by conscious consumers for food selection can
only be facilitated by legal regulations. However, the processing of
vegetable oils also needs to be improved to benefit the consumer.
Coordinated policies need to be developed on issues such as the se-
lection of oilseeds that can be used to produce healthier substitute
oils, improvement of cultivation, harvesting process, production
supports, storage, transportation and processing conditions. It is
necessary to determine the oil seeds that are currently being pro-
duced but with insufficient yield, to carry out Research and Devel-
opment (R&D) studies to increase their yield, to identify new
oilseed varieties that can be used as oil instead, and to adapt to the
production conditions. In addition, R&D investment may be needed
to develop new oilseed varieties with more attractive health benefits
and to improve processing such as rafination. In this respect, the
success of R&D studies for the vegetable oil industry to reduce the
erucic acid content of canola oil from past to present constitute an
important example.
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When evaluated in general, 25% of packaged food products in Tii-
rkiye contain information that can guide the consumer correctly re-
garding the trans-fat content. It would be expected that the trans-fat
content information would be higher especially in bakery products
and ready-made foods that contain or may contain trans-fat. The
fact that 71.2% of the 1411 packaged food products examined have
food ingredients that are not likely to contain trans fats, which is an
optimistic rate for consumers. Of course, this ratio needs to be im-
proved in terms of consumer benefit as stated in the PHO substitu-
tion alternatives section. In order to improve the consumer's food
choice and perception, it would be beneficial to have more infor-
mation about the trans-fat content of the products, especially in the
snacks, chocolate products and bakery products category.Finally, it
can be said that packaged foods in Tiirkiye are in encouraging con-
dition in terms of trans-fat content. However, it should not be for-
gotten that effective policies should continue to be developed by
government institutions in terms of continuity and the supervision
mechanism should work effectively in order to lower the current
level.
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Introduction

A food pattern is generally understood as a system of social
and cultural norms and rules, socially built in accordance with
the variety of objective conditions of existence and the psy-
cho-affective economy of individuals that guide, regulate,
shape, and give meaning to the act of eating. These food pat-
terns (or models) are the result of a long and deep interaction
between biotopes, the biopsychic and the sociocultural envi-
ronments. These norms and rules are imposed from the out-
side, throughout the primary socialization process the shap-
ing of tastes, foods, and meals (Lopes, 2006).

Mediterranean food can be defined as being an efficient man-
agement of a set of foods and culinary techniques that al-
lowed the survival of the various southern communities and,
at the same time, being the result of a social and cultural adap-
tive construction to a certain type of environmental condi-
tions (Graga 2014; Sikalidis et al, 2021).

The Mediterranean Dietary Pattern (MDP) was first studied
in Crete in the 1940s. Upon arriving at the island of Crete,
researchers from the Rockefeller Foundation discovered lev-
els of health and longevity that were not expected owing to
the apparent poverty and reduced access to health care by lo-
cal populations. They found levels of mortality from cardio-
vascular diseases lower than those recorded in the United
States of America, and the different eating habits of that pop-
ulation began to make them suspect that there was a relation-
ship between the Mediterranean Dietary Pattern and the non-
emergence and development of chronic non-communicable
diseases. In the following decades, Ancel Keys and his team
would confirm this. Since then, health has been linked to the
intake of foods characteristic from regions with climatic sim-
ilarities to those found in Mediterranean-influenced countries
(Graga 2014; Ntanasi et al, 2018; Caradonna et al, 2020).

According to Serra-Majem, (2014) the Mediterranean Diet
Pattern (MDP), defined in 1993 at the International Confer-
ence on Mediterranean Diets, is defined as a lifestyle marked
by diversity in life style habits, combined with characteristics
such as: (1) high consumption of foods of vegetable origin
(poorly refined cereals, vegetables, fruit, dried and fresh
pulses and nuts and oilseeds); (2) consumption of fresh, less
processed and local products, respecting their seasonality; (3)
use of olive oil as the main fat for cooking or seasoning food;
(4) low to moderate consumption of dairy products; (5) fre-
quent consumption of fish and low/infrequent consumption
of red meat; (6) consumption of water as the beverage of
choice and low to moderate consumption of wine with the
main meals; (7) simple culinary procedures with ingredients
in the right proportions; (8) practice of daily physical activity
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and (9) the habit of having meals with family and friends,
promoting coexistence among people at the table.

The teaching and dissemination of concepts associated with
healthy eating requires clear pedagogical models that can be
understood by the general population. Therefore, food guides
have emerged, sometimes as graphic representations that al-
low simplified dissemination of food and nutritional recom-
mendations. The Mediterranean Food Pattern Pyramid is a
food guide, which was initially developed in 1994, and later
updated in light of the tradition and culture inherent to the
Mediterranean region. The most current representation, cre-
ated by the Mediterranean Diet Foundation, expresses an ex-
ample of a sustainable food pattern, where nutrition, local
production, biodiversity, and culture are strongly linked, with
a reduced impact on the environment (Pinho et al, 2016).

The traditional Mediterranean Diet (MD) pyramid was up-
dated in 2010 to adapt to the modern lifestyle. It incorporates
both qualitative and quantitative elements in food selection.
The new pyramid follows the design of the previous one: it
places foods that should support the diet at the bottom and
relegates foods that should be consumed in moderation to the
graphically narrower upper strata. But, in addition, there are
signs of a cultural and social order, closely linked to the Med-
iterranean lifestyle, based on the concept of food (understood
in a broad sense). It is not just a matter of prioritizing a par-
ticular type of food, but the way in which it is selected,
cooked, and consumed. It also reflects the composition and
number of servings of main meals (FDM, 2021).

The present work is a case study focused on a group of young
people between 14 to 20 years of age from a school located
at the city of Vida do Conde (Portugal). The study took the
form of an observational epidemiological study, with an ana-
lytical and cross-sectional nature, whose general objective
was to relate food consumption of these young people with
their degree of adherence to the Mediterranean Diet. More
specific objectives included (i) the characterization of eating
and consumption habits; (ii) the analysis of the adherence to
the Mediterranean Dietary Pattern and (iii) the analysis of
food consumption habits of the household of the young peo-
ple surveyed.

Materials and Methods

From a total of 587 students who attended the thirty-two clas-
ses surveyed in the present study (secondary education level),
463 students accepted to participate in the study, with 147
(31.7%) attending the 10th grade, 154 (33.3%) the 11th grade
and 166 (35.9 %) the 12th grade, as shown in figure 1. The
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total number of students who accepted to answer the survey
corresponds to 79.0 % of the total population of secondary
education level at the chosen school, which is within the ex-
pected range and is considered representative of the group de-
termined with the OpenEpi calculator, Version 3, using the
equation n= [EDFF*Np(1-p)]/ [(d2/Z21-0/2*(N-1)+p*(1-
p)]

For the present study two questionnaires were developed:
questionnaire A, which was applied to students, and, ques-
tionnaire B to be sent by email, addressed to the parent (co)re-
sponsible for the purchase and /or preparation of household
food. The questionnaires were prepared based on the foods
listed in the Mediterranean Diet Pyramid, created by the Med-
iterranean Diet Foundation, to which some beverages (wine
and soft drinks) were added (FDM, 2021).

Data collection took place over a period of seven months, be-
tween October 1st, 2020, and April 30th, 2021.

Considering the target population, the objectives of the work,
and the type of study, the two surveys were applied in stages.
As shown before, the size of the sample was considered to be
representative of the total population of secondary education
in the school cluster.

Stage 1 - Application of questionnaire A to 463 students re-
garding their eating habits. This survey was an-
swered at school.

Stage 2 - Application of questionnaire B to parents regarding
the eating habits practiced at home. This survey was
sent to the parents of the participating students
through a link created for this purpose and sent
through the institutional email of the school.

For ethical reasons, the study was preceded by an informal
meeting with the Director of the School to present the project
and obtain authorization for the application of the question-
naires. The young people who participated in this study had
an informed consent, previously signed by their parents, and
voluntarily expressed their willingness to participate, alt-
hough they could drop out at any time if they so wished.

Questionnaire A

Questionnaire A was designed to be applied in the school
context. It consisted of eight parts with a total of 18 questions.

Part A - Identification of the school year and sociodemo-
graphic data;

Part B - Anthropometric data;
Part C - Eating habits;

Part D - Frequency of meals;

Part E - Place of meals from Monday to Friday;

Part1- Knowledge about healthy food products;

Part J - Main sources of information for food knowledge;
Part K- Self-assessment of knowledge about the Mediterra-

nean Diet;

This questionnaire aimed at obtaining data on food consump-
tion habits, namely the adoption of some type of special diet,
the consumption of foods associated with the Mediterranean
Diet, the number of daily meals, and the place of meals.

Questionnaire B

Questionnaire B, electronically completed, was developed in
the Google Forms application to complement the information
obtained on the consumption and eating habits of the house-
hold of the young respondents. Addressed to the person re-
sponsible for purchasing and/or preparing the household's
food, the aim was to confirm the information provided by the
young people and to understand whether adherence to the
Mediterranean Diet is a consequence of habits transmitted by
adults at home.

This questionnaire consisted of two parts, with a total of
thirty-two questions.

The first part of the questionnaire intended to collect socio-
demographic data and anthropometric characterization of the
respondent; the second part intended to collect information
on the household's food consumption habits.

The frequency scale of the second part of this questionnaire
presented the options “never or only once a month”, “twice a
month”, “once a week”, “2 to 4 times a week”, “5 to 6 times

a week” and “daily or twice or more times a day”.

The statistical analysis of the data was carried out using the
data collected in the Google Forms application. The data col-
lected in questionnaire A was inserted in the application after
having the answers from the students, while questionnaire B
was electronically completed, by one parent of the students.

The characterization of the eating habits of the students and
their households in terms of food frequency and consumption
habits was carried out through the analysis of the consump-
tion frequencies of different foods associated with the Medi-
terranean Dietary Pattern (MDP).
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Results and Discussion
Characterization of Sample A

The 467 students that responded the survey, had a good dis-
tribution among the three last years of school (secondary
level of education), as shown in figure 1.

m 1002

m]]2

120

Figure 1. Year of schooling of students in the present study

From the total number of questionnaires, it was found that
248 students were male and 215 were female, correspond-
ing, respectively, to 53.6% and 46.4%, with the vast major-
ity (95.7%) being Portuguese (Fig.2).

® Portugal

@ Brazil
China

@ France

® Peru

® Venezuela

® Ukraine

Figure 2. Nationality of students

Regarding the fact of following any special types of diet,
84.1% of the participants reported not to practice any special
type of diet. The remaining 15.9% of students reported fol-
lowing specific diets as follows:

» 13 students (2.8%) reported being vegetarian,
* 8 students (1.7%) followed a gluten-free diet,
* 17 students (3.7%) followed a lactose-free diet,
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» 28 students (6.0%) followed a weight loss diet and
« 8 students (1.7%) indicated that they practiced an-
other type of diet.

Once this 15.9% of students reported to following specific
diets they were not included in the statistical analysis alt-
hough they were allowed to participate in the study. Our sam-
ple was then reduced to 431 students but remained repre-
sentative of the group (OpenEpi calculator, Version 3).

Before presenting our results regarding the eating habits of
the study population, it is important to stress that the Medi-
terranean Food Pattern refers to not only the type of food that
is consumed but also to the way it is cooked, the number of
daily meals as well as the conviviality with family or friends.
That is why it is important to analyse the daily eating habits
of the study population to assess their adherence to the Med-
iterranean Dietary Pattern (MDP) (FDM, 2021).

Regarding daily meals, 9% of students reported the habit of
not eating breakfast; 20.5% said they did not consume food
in the middle of the morning; 7% reported not having a mid-
afternoon snack and 51.8% reported not having supper.

While an average of 8§4% of students only consume breakfast
from Monday to Friday and an average of 72.4% consume the
morning snack only from Monday to Friday, practically all
students (98.5%) consume the meal “lunch” every day of the
week. Figure 3 summarizes these eating habits by meal and
by day of the week with regard to Breakfast, Morning Snack,
and Lunch, and Figure 4 summarizes the same eating habits,
but in relation to Afternoon Snack, Dinner, and Supper.

It was found that:

* the afternoon snack is consumed daily by an aver-
age of 84.6% of students,

* dinner is consumed daily by an average of 97%

* supper is consumed daily by an average of only
30.6% of students, with an increase to 38.1% during
weekends (Figure 4).

Regarding the place where meals are consumed from Mon-
day to Friday, it was observed that:

*  Breakfast at home — 395 (84.5%) students;
* Breakfast at the school bar — 13 (2.8%);
*  Breakfast brought from home — 12 (2.6%).

Of the students who consume the morning snack we found
that:

e 276 (69.8%) bring it from home;
* 98 (24.8%) purchase products from the school bar and
* 18 (4.5%) eat at home
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Numbers in bars show the actual number of students in the study have has the habit of consuming the
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Figure 3. Eating habits by meal and by day of the week (Breakfast, Morning Snack and Lunch)
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Figure 4. Eating habits by meal and by day of the week (Snack, Dinner and Supper)
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Lunch is mostly taken in the school canteen together with
school friends (286 students - 61.2%), however, 170 (36.4%)
students eat this meal at home, 98 (20.9%) students have
lunch at a coffee shop or restaurant and 46 (68.6%) bring it
from home. In all cases, this meal is never eaten without the
company of friends or family.

Regarding the afternoon snack, most students (245 students —
52.5%) reported that they brought it from home, although 113
(24.1%) made this meal at home and 110 (23.5%) purchased
products at the school bar. Dinner is also mostly made at
home (97.2%) but 13 (2.8%) students reported having dinner
at a coffee shop or restaurant. 175 students (37.5%) made
supper at home.

In answer to the question “do you know what healthy food
products are?”, 458 students (99.3%) said “yes” and only 3
(0.7%) said they did not know.

Regarding the main sources of information about food
knowledge, it was found that parents were pointed as the
main source of information (71%), followed by health pro-
fessionals (doctors, nutritionists, dieticians (53%)), the Inter-
net (47.2%), teachers (24.7%) and finally television (19.1%).

Evaluating their own knowledge about the Mediterranean
Diet, given the options “Very good”, “Good”, “Fair” and
“Poor” it was found that 11% of the students consider that
they have a “very good” knowledge; 39.7% consider having
“good” knowledge on the subject; 36.6% classify their
knowledge as “reasonable” and 12.7% recognize having a
“poor” knowledge of the topic.

The adherence of these young people to the Mediterranean
dietary pattern was also analysed using the Mediterranean
Diet Quality Index for children and adolescents (KIDMED
Index as shown in Table 1) (Serra-Majem et al, 2004; Alta-
villa and Caballero-Pérez, 2019). This questionnaire was also
answered at school. The results obtained are shown in Table
1.

From the analysis of the answers obtained, the consumption
of a fruit or fruit juice every day (73.2%) stands out posi-
tively; 71.7% consumed fresh or cooked vegetables at least
once a day; 70.8% consumed fish at least 2 to 3 times a week;
consumption of legumes more than once a week represented
74.5%; consumption of pasta or rice 5 or more times a week
represented 86.9%; 81.5% consumed cereals or products de-
rived from cereals (bread, etc.) for breakfast; the use of olive
oil at home is a habit for 94.4%; 83.5% have the habit of hav-
ing breakfast; and the consumption of dairy products (milk,
yogurt, etc.) for breakfast represented 82%.
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As negative aspects, we found that the low consumption of a
second fruit daily (29%) stands out as well as the consump-
tion of fresh or cooked vegetables more than once a day
(37.4%). The consumption of nuts at least 2 to 3 times a week
(18.6%) and the consumption of yogurt and cheese other than
at breakfast (36.6%) is also poor.

From the previous analysis, it is possible to assess the levels
of adherence to the Mediterranean Dietary Pattern (MDP)
(Table 2).

It stands out that the students participating in this study hava
good adhesion to the Mediterranean Diet.

Characterization of Sample B

89 parents answered questionnaire B. The answers obtained
were mostly given by female participants (86.5%) and they
were mostly in the age group between 42 to 45 years of age.

Regarding the level of schooling, it was found that all par-
ents had more than basic school, as shown in Figure 5.

With regard to employability, 74.1% of the respondents re-
ported being active, and 12.9% were unemployed.

To the question about the habit of cooking meals at home, a
percentage of 90.9% were affirmative answers; 8% of the
respondents answered that they cooked sometimes and only
1 participant (1.1%) said that did not cook.

Food consumption habits of the households of the young peo-
ple surveyed showed that the reasons that most influenced the
choice/purchase of food on a daily basis were

*  Freshness of the food (89.8%)

*  Family preference (68.2%)

*  The price (65.9%)

*  The fact that food was produced locally (23.9%)

* The easiness/speed in food preparation and confec-
tion (19.3%)

* The availability of points of purchase (18.2%)

* The fact that foods were typical from the region
(10.2%)

* Packaging or presentation (8%)

* The fact of food being related to cultural or ethnic
roots and finally (4.5%)

* Easiness of food transporting (3.4%) (fig.6).

As for the use of aromatic herbs such as celery, rosemary,
chives, coriander, mint, bay leaf, basil, oregano, parsley,
sage, and thyme to season their cooking, the majority of par-
ticipants (82%) reported having this habit while 10.1% men-
tioned their sporadic use and 7.9% said they did not have the
habit of using aromatic herbs.
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Table 1. KIDMED survey result
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Number | Yes No
Do you consume a fruit or fruit juice every day 467 42 125
Do you consume a second fruit every day 467 138 329
Do you eat fresh or cooked vegetables regularly, at least once a day 467 336 131
Do you eat fresh or cooked vegetables regularly, more than once a day 467 177 290
Do you consume fish regularly (at least 2-3 times a week) 467 331 135
Do you go, more than once a week, to “fast-food” (hamburger) restaurants 467 58 409
Do you eat pulses more than once a week 467 349 118
Do you eat pasta or rice almost every day (5 or more times a week) 467 409 58
Do you eat cereal or cereal products (bread, etc.) for breakfast 467 382 85
Do you eat nuts (walnuts, almonds, etc.) regularly (at least 2 to 3 times a week) 467 88 379
Do you use olive oil at home 467 443 24
Do you usually have breakfast 467 392 75
Do you have dairy products (milk, yogurt, etc.) for breakfast 467 384 83
Do you eat prepared food or pastries for breakfast 467 117 350
Do you eat 2 yogurts and/or cheese (40g) daily 467 171 296
Do you eat sweets or treats several times a day 467 73 394

Table 2. Levels of adherence to Mediterranean Dietary Pattern (MDP) by KIDMED

Level of adhesion Frequency Relative frequency (%)
High adhesion (>8) 244 52,25%

Intermediate adhesion (4/7) 217 46,47%

Low adhesion (</=3) 6 1,28%

Total 467 100%

® Juniorschooll
® Key Stage 3
Key Stage 4
@® Sixth Form
@ Sixth Form incomplete
® Bsc
® BScincomplete

Figure 5. Level of education of parents

It should be noted that 93.3% of participants consider that the
preparation of meals at home, with family and friends, pro-
vides them pleasure and well-being.

With regard to the dietary habits of the adults surveyed, and
regarding the use of olive oil as the main cooking fat, it was
found that this fat is used daily by all the adults that cook at
home with a minimum consumption of 2 tablespoons per day
which can easily rise up to 6 or 7 tablespoons daily.

Regarding the frequency of consumption of pre-prepared
meals, the majority (65.5%) answered that they consume
these products once a week while 21.8% said they did not
consume them. In addition, 11.5% said that they consumed
pre-prepared meals twice a week and 1.1% admitted to con-
suming them 4 times a week.

As for the consumption of certain products of animal origin
and cereals and their frequency of its consumption in the last
30 days, the results are shown in Table 3.

From the analysis of the table 3, it can be concluded that white
meat, pork, fish, and eggs are structuring foods in the partic-
ipants’ diet, as are yogurts and bread. Soups, vegetables, and
fruit are also present with a high frequency and with regard
to the consumption of beverages, tea and/or coffee stand out
as being consumed every day or even more than once a day.

We also asked about cooking methods, namely boiled,
grilled, fried, roasted, stewed, and stir-fried, as well as the
frequency of the consumption of each type of cuisine (table
4). From the analysis of the table, one may conclude that there
is a good variety of cooking methods that are used regularly.
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Freshness of food 79 (89,8%)
Food price 58 (65,9%)
Family preference 60 (68,2%)
Typical foods from the region 9 (10,2%)
Food produced locally 21 (23,9%)
Availability at points of purchase 16 (18,2%)
Food related to cultural or ethnic roots 4 (4,5%)
Easy/speed in preparation/confection 17 (19,3%)
Easy transport 3(3,4%)
Packaging or presentation 7 (8%)
0 20 40 60 80

Figure 6. Reasons that influence food purchase

Table 3. Frequency of consumption of food products

Frequency | Never or less than | Twicea | Oncea | 2to4 times | Sto6times | Once | 2 or more
once a month month week a week a week a day | times a day

Products
Processed meats 32 21 34 A e e
Red meat 29 19 76 49 3 2 | -
white meats 2 4 19 46 11 4 3
Fish 2 12 32 33 8 2 | -
Eggs 1 15 29 35 8 1 |-
Milk 13 1 19 12 15 24 5
Yogurts 11 4 16 24 11 16 7
Cheese 8 7 23 15 20 13 3
Breakfast cereals 32 6 20 11 7 10 3
Bread 4 5 19 16 15 21 9
Soup 11 4 20 18 14 17 5
Potatos 4 26 37 14 2| -
Various raw or cooked 3 2 21 18 16 16 13
vegetables
Pulses 5 4 32 27 12 5 4
Rice, spaghetti or pasta 1 4 19 33 14 10 8
Fresh fruit 1 1 18 14 13 16 26
Natural fruit juices 29 13 24 12 6 2 3
Bottled fruit juices 77 26 47 16 | - 3 6
Coffee and/ot tea 6 | e 21 6 5 15 36
Herbal teas 55 6 8 5 5 6 4
Wine 53 7 17 A s 9 1
Other alcoholic beverages | 70 6 5 2 2 4 | -
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Table 4. Cooking methods and frequency of consumption

Frequency | Never or less than | Twicea | Oncea | 2to4 times | 5to 6times | Once a 2 or more
once a month month week a week a week day times a day

Cooking method

Boiled (includes fish stews) 15 14 31 21 4 4 | -

Grilled 4 8 26 35 11 4 1

Fried 14 19 35 20 | - |

Oven baked 5 8 42 26 6 1 1

Stews 5 8 38 29 7 2
Stir-fried 8 11 42 24 1 1 2

Regarding the eating habits of the young people surveyed, it
was found that most of them do not practice any special type
of diet with those who report doing so, the most representa-
tive being the slimming diet (6%). An identical result was
presented in the results of the National Food and Physical Ac-
tivity Survey (IAN-AF) 2015-2016, in which only 6.8% of
the individuals reported following a special diet (INE, 2017).

The fact the majority of students that participated in the study
consume regularly the main meals (breakfast, lunch and din-
ner) as well as the morning and afternoon snack, as shown
before in the analysis of results, is well in accordance with
the Mediterranean Dietary Pattern (MDP) which advises the
consumption of several meals during the day, dividing the
amount of energy between them instead of concentrating all
the energy necessary for body function in just one or two
main meals (D’Innocenzo et al, 2019). Our results about the
study of food consumption habits and adherence to the Med-
iterranean Dietary Pattern are reinforced by the results ob-
tained with the KIDMED survey. We feel confident with the
results shown in relation to the KIDMED questionnaire since
it has already been proven the reproducibility and validity of
this index with Portuguese adolescents (Rei et al, 2021). In
addition, the results of the present study are in accordance
with those found in another study regarding Portuguese chil-
dren (Rito et al, 2018). We observed that some students have
their meals at home even during weekdays. This means that
either they live within walking distance of school or their par-
ents are able to fetch them from school at mealtime. Which-
ever the case, this is important since it reinforces family
bonds but even the students who eat at school facilities or at
local restaurants mentioned the company of friends during
meals. This is also an important and strong characteristic of
the Mediterranean Dietary Pattern (MDP). In addition, the
fact that these students’ parents have a good level of educa-
tion (as shown in figure 5) also influences the food choices
made by families and taught to youngsters (Almeida et al,
2021; Hanemaayer et al, 2022).

In this study, participants showed to have a good habit of eat-
ing breakfast, which is in accordance with the Mediterranean
traditions, although we found a slight drop between consump-
tion on weekdays versus weekends. The 2018 HBSC (Health
Behaviour in School-aged Children), a collaborative study of
the World Health Organization (WHO) that aimed at studying
the lifestyles of adolescents and their behavior in various sce-
narios of their lives, pointed in the same direction (Inchley et
al, 2020). In that study participated 6997 young students and
it was reported a difference of 5.5 pp lower in the consump-
tion of breakfast on weekends than on weekdays (Inchley et
al, 2020). However, an inverse result was found in an earlier
study carried out in 2012 in which a sample of 276 young
people, between eleven and sixteen years old, showed that
between 63.8% and 64.5% ate breakfast during the weekdays,
increasing that frequency during the weekends to 81% on Sat-
urday and 84.4% on Sunday (Matos, 2018). When analysing,
breakfast consumption among adolescents, the TAN-AF
2015-2016 results indicate that the prevalence is 91.6% (INE,
2017).

As for the mid-morning meal, our results show inverse values
from those observed in the study by Mateus (2012) in which
during the weekdays only 2.0% to 2.9% ate this meal with the
frequency increases during the weekend to 37.1% on Satur-
day and 38.4% on Sunday. This may be due to a geographical
difference being the study by Mateus (2012) done in the south
of the country (Algarve) while our study relates to students in
the northern rural part of Portugal. In the 2015-2016 IAN-AF
(national inquiry to families) results, the prevalence was
found to be 53.2% (INE, 2017) leveling the results of both
studies.

These two meals (breakfast and mid-morning meal) are par-
ticularly important in the diet of young people since they rep-
resent the first source in the day of water and infusions, dairy
products, fruit and fruit juices, as well as bread and other
poorly refined cereals in accordance with the principles and
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recommendations of the MD Pyramid (FDM, 2021). Com-
pared to other studies, the present one shows results more in
line with the MD indications regarding these meals, although
it may be concluded that a considerable number of young
people deviate from these guidelines, especially during week-
ends, which indicates that they spend too many hours without
eating. Although without certainties, we may think of small
changes in the habits of the young Portuguese students in the
sense of skipping breakfast during the weekends. This may
be due to the atypical year in which the present study was
developed (during the COVID-19 pandemic period) in which
most students spent more time at home than usual. This factor
may have led to this change in eating habits owing to the
changes in the school schedules.

Regarding the remaining daily meals, we found that lunch
was eaten by all the students every day of the week, with no
significant difference in its frequency during weekends. This
is well in accordance with the new Mediterranean Diet Foun-
dation Expert Group’s pyramid (Lacatusu et al, 2019) alt-
hough different values were found by Mateus (2012) that re-
ported differences for this meal for weekdays (between
29.0% and 34.5%) and weekends (92.5% on Saturday and
94.4% on Sunday). A similar result to the present study was
reported in the 2015-2016 TAN-AF results (INE, 2017),
where the prevalence is 97.9%.

As for the afternoon snack, it seems that the majority of the
surveyed young people consume it daily, although with a
value relatively lower than that found in the 2015-2016 TAN-
AF results (INE, 2017) with a prevalence of 91.9%, but much
higher than that found by Mateus (2012) in which there was
a consumption between 19.9% and 22.1% from Monday to
Friday and 68.7% on Saturday and 71.2% on Sunday.

Dinner is one of the most frequently eaten meals in this study,
with an average of 97% of students having it every day of the
week, similar to what Mateus and the IAN-AF 2015-2016
found (Mateus, 2012; INE, 2017).

Supper is the least frequent meal among the young people
surveyed in this study, being eaten daily on average by only
30.6%, with an increase to 38.1% during weekends. An iden-
tical trend was found in other studies (Mateus, 2012; INE,
2017). This is not surprising since supper isn’t strongly asso-
ciated with Portuguese food habits (Graga, 2020; Ferreira et
al, 2021).

From the analysis of the data obtained in this work, it can be
concluded that the main meals (lunch and dinner) are the ones
that are consumed more regularly, especially during week-
days and, compared with data from other studies mentioned
before, the students surveyed have habits of more frequent
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consumption, namely in relation to the intermediate meals.
Bibliography points out as beneficial the daily consumption
of meals at regular times and eaten in a quiet environment, as
they favor the digestion of food and the regulation of the
amount ingested (Esaulenko et al, 2016, Kanjilal et al, 2021;
Agathdo et al, 2021). The importance of breakfast, which
should never be missed, is highlighted, as its omission can
cause metabolic changes, resulting from prolonged fastings,
such as a decrease in the ability to be attentive, concentrate,
and logical reasoning, that is, causes difficulties in thinking,
understanding, and learning, reasons that are often enough to
affect school results (Sousa, 2013). It is also mentioned that
in addition to food, there are other important factors that also
influence health status and longevity, such as naps, the num-
ber of meals per day, and the presence or absence of snacks
(Pinho et al, 2016; Bellisle, 2021).

Regarding the place where meals are taken from Monday to
Friday, it was found that the majority of the surveyed students
have lunch in the school canteen. This habit is confirmed by
other studies (Mateus, 2012; Matos, 2021). As for the
knowledge about healthy food products, it was found that
practically all students claim to have this knowledge and
mention parents as being the main source of information.
Teachers appear in the fourth position of the five possible re-
sponse options as a source of transmission of this type of
knowledge as also happens in other studies (Mateus, 2012).

Analysing the Portuguese school curricula, published by the
General Directorate for Education (DGE), it was found that
although the theme of food and nutrition is present in several
study cycles, only in the 9th grade the topic “Mediterranean
Diet” is introduced (DGS, 2012).

For educators, it is fundamental to have food models they can
rely on, whether they are health professionals, education pro-
fessionals, or parents. The promotion and defense of the Med-
iterranean Diet can (and should) be used as a resource for
more comprehensive education, aiming at preparing future
citizens who are more aware of their roots and able to make
healthy food choices.

The integration of the Mediterranean dietary pattern concept
in the curricular goals of basic education allows the dissemi-
nation of concepts and behaviors associated with a healthy
lifestyle, not only because it is important but also because lev-
els of interest and satisfaction with school worsen with age
and with the pressure of schoolwork (Pinho, et. al, 2016;
Graga, 2016; Lima, 2018; Inchley, et. al, 2020; Matos, 2021).

Thus, the fact that students consider that their nutritional
learning is provided by teachers in less than 25% of the par-
ticipants may be seen as positive because, as the present study
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shows, students follow a diet that we may consider healthy
which may be due to their parents’ knowledge and also be-
cause the way teachers approach food topics (integrated and
planned in other subjects) allowing students to learn new con-
cepts without being imposed on them.

Still regarding questionnaire A, 52.25% of respondents
showed a high adherence to the Mediterranean Dietary Pat-
tern (MDP), 46.47% were at the intermediate level of adher-
ence, and only 1.28% had a low level of adherence. Com-
pared with other studies carried out at national level, the same
situation was found with only a difference of 4.12pp com-
pared to the present study (Mateus, 2012). More recently, in
the study published by Boto et al (2021) with the objective of
characterizing the eating habits, health, and adherence to the
Mediterranean Dietary Pattern of young people at the second-
ary education level, with a sample of 325 young people aged
between 15 and 19 years, the results indicated a low adher-
ence to the Mediterranean Dietary Pattern in 9.0% of the par-
ticipants, an intermediate adherence in 45.5% and a high ad-
herence in 45.5%. In this case, there is a deviation of 7.72 pp,
in the low adherence to the Mediterranean Dietary Pattern
(MDP) compared with the present study. These three studies
have in common the fact that they have used a similar meth-
odology regarding the way for assessing eating habits, since
they were all carried out using the same questionnaire to
measure the adherence to the Mediterranean Dietary Pattern
(MDP).

In relation to questionnaire B, which aimed at assessing the
eating and consumption habits of the families of young stu-
dents, we found that the participants have the habit of cooking
at home and that they consider that the preparation of meals
with family and friends provides them with pleasure and
well-being, as mentioned before. Participants were, in gen-
eral, female which seems to show that these activities are still
carried out mostly by women. By analysing the 89 valid re-
sponses, a considerable number of participants (always over
25 years old) were found to have their own food production,
namely vegetables, fruits, eggs or herbs, which is presumed
to be due to the rural environment where the study was con-
ducted, and which reveals consumption habits of local, fresh,
seasonal and sustainable foods. In the MD Pyramid, these
foods are located in the group of foods that should be con-
sumed daily (Abreu, 2014; Ferreira, 2014; Pinho et al, 2016).

Comparing the consumption observed in this study with the
recommendations of the MD pyramid, the daily/weekly con-
sumption of olive oil, dairy products, aromatic herbs, white
meats, eggs, legumes, processed meats, red meats, and sweets
stands out positively. Negatively, we found a low
daily/weekly consumption of water or infusions, fresh fruit,

vegetables, rice, pasta, bread, nuts, and fish (fresh or frozen).
Potato consumption stands out for its excessive consumption.

The Mediterranean Diet is essentially characterized by the
predominance of vegetable products, including fruit, vegeta-
bles, cereals, oilseeds, and legumes, and by the consumption
of olive oil as the main source of fat. Olive oil is recognized
for its cardioprotective properties, being pointed out as the
most beneficial fat for daily use. Its consumption is advisable,
either to season or to cook (Pinho et al, 2016; Sikalidis et al,
2021). Dairy products and fish are present in this dietary pat-
tern in a moderate amount, as well as wine, particularly at
meal times. The consumption of white meat and eggs bal-
ances the low consumption in frequency and quantity of red
meat and sausages, as well as sugar. The richness of fruit and
vegetables assumes a relevant presence in the Mediterranean
Food Pattern, either in the form of salads, soups or in other
food preparations. Sharing meals and traditions together with
moderate physical exercise, favored by the mild climate,
completes the model of healthy living (Sousa, 2013; Davis et
al, 2015; Pinho et al, 2016; INE, 2017). Stews correspond to
the main cooking techniques used, a traditional component
associated with the various soups and broths, where the addi-
tion of vegetables and legumes is preferred, with a small
amount of meat or fish, seasoned essentially with olive oil
and aromatic herbs (Sousa, 2013; Valagdo, 2014; Pinho et al,
2016).

The results obtained in the present study, through survey B,
stand out positively in what concerns the simplicity and vari-
ety of cooking methods. However, it was found that pre-pre-
pared and ready-to-eat meals are consumed by 65.5% of par-
ticipants once a week and that fried foods are consumed once
a week by 42.7% of households.

A factor to be highlighted here is that the “freshness of the
food” and the “family preference” are the reasons that most
influence the choice/purchase of food on a daily basis. How-
ever, the family budget is mentioned by 32.5% of the partic-
ipants as a limiting factor to the purchase of certain foods,
namely fish, meat, fruits, and vegetables. Similarly, data from
the DGS report (DGS, 2016; DGE, 2021) indicates that in
2014, despite the majority of people inquired (71.4%) said
that “there were no changes in the consumption of any food
considered essential in the last 3 months owing to economic
difficulties for its acquisition”, 26.6% answered affirmatively
to this question. Truninger (2019) verified an identical result
to that of the present study where the biggest drops in food
consumption of families in a situation of food insecurity were
verified in the consumption of fish (49.1%) and meat
(44.2%). There was also a considerable decrease in the con-
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sumption of vegetables (33.3%) and fruit (33.2%). In addi-
tion, the DGS and DGE reports (DGS, 2016; DGE, 2021) re-
ferred to 2014 and since then with the pandemic situation all
over the world, food insecurity became higher.

In the present study, it was also found that the purchase of
food products is mostly done once a week, preferably in ded-
icated stores (butcher, fishmonger, fruit store, etc.) and in su-
permarkets close to home. Traditionally, the city where this
study took place offers residents a wide range of fairs and
markets, which include a variety of fresh and seasonal food
products. The results obtained about this issue may have been
influenced by the limitations on trade, imposed by the DGS
due to the Covid-19 pandemic, namely with the end of fairs
and municipal markets.

Some limitations were imposed in the course of this study.
The main ones being related to the fact that it was carried out
during the pandemic period of Covid 19, which may have im-
paired the characterization of eating and consumption habits
and lifestyles of students and their families with higher accu-
racy. The size of the sample in survey B was also a constraint,
given that only 19.6% of parents from the total number of
participating students gave their contribution. Low adherence
may be related to the fact that the questionnaire was carried
out online, and it was not possible to make a follow-up as it
happened for questionnaire A. Another plausible reason may
be related to the possible lack of access or familiarity with the
internet.

Conclusion

Considering that eating habits play a central role in maintain-
ing good levels of health, it is at school age that special atten-
tion should be paid, not only because there is a close relation-
ship between a balanced diet and school performance, but
also because it is in this group that it is worth to introduce
eating habits that promote healthy lifestyles. Considering also
that the health problems related to unhealthy eating habits and
the lack of physical activity are extensive and costly to soci-
ety, it will be more effective to promote healthy eating mod-
els, such as the Mediterranean Diet, preventing some diseases
related to lifestyles, instead of overloading the National
Health Service and the family budget with treatments that
sometimes are expensive also from a psychological point of
view. This study reinforced the results of previous investiga-
tions, reiterating the extreme importance of a set of system-
atic and long-term concerted actions by various national, lo-
cal, and regional actors, in order to create conditions for
healthy diets beginning at school age.

The main conclusion of the present study is that the students
participating in this study showed good adherence to the

Research Article

Mediterranean Dietary Pattern with 52.25% having a high ad-
herence and 46.47% having an intermediate level of adher-
ence. We also concluded that the students consider having a
good knowledge about this theme, which is gratifying and re-
flects the efforts that schools and other agents have made over
the years to promote the knowledge about the importance of
this type of dietary pattern in health promotion.
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0z

Bu ¢alismada Tiirkiye piyasasinda satisa sunulan toz bebek mamalariin mikrobiyolojik kalitelerinin ince-
lenmesi ve mama firmalar1 tarafindan 6nerilen hazirlama talimatlarimin Diinya Saglik Orgiitii (DSO) tavsiye-
lerine uygunlugunun degerlendirilmesi amaglanmigtir. Caligmada 10 farkli firmaya ait 36 adet toz bebek ma-
mast Cronobacter sakazakii, Bacillus cereus, Staphylococcus aureus, koliform ve fekal koliform bakteri, kiif-
maya, toplam mezofilik aerobik canli bakteri sayilar1 agisindan incelenmistir. Mama firmalari tarafindan 6ne-
rilen hazirlama talimatlarimin DSO 6nerilerine uygunlugu degerlendirilmistir. incelenen mama érneklerinin
iki tanesinde C. sakazakii tespit edilmistir. Mama 6rneklerinin dokuz tanesinde B. cereus, dort tanesinde S.
auerus, 10 tanesinde koliform ve sekiz tanesinde fekal koliform bakteri gesitli diizeylerde saptanmis olup
belirlenen bu degerler yasal limitlerin lizerinde bulunmustur. Mama firmalari tarafindan 6nerilen hazirlama
talimatlarinin DSO 6nerilerine uygunlugu degerlendirildiginde, C. sakazakii’nin kontroliinde kritik nokta
olan su sicakliginin >70°C olmasi gerektigine dair bir talimat higbir mama firmasi tarafindan belirtilmemistir.
Mamalarda mikrobiyolojik kalitenin yasal siirlar ile belirlenmis olmasina karsin incelenen mama 6rnekleri-
nin bazilarinda hedeflenen mikrobiyolojik kaliteye ulasilamadig1 ve firmalar tarafindan belirtilen mama ha-
zirlama talimatlarinin gida giivenligi agisindan yeterli olmayabilecegi gézlenmistir.

Anahtar Kelimeler: Toz Bebek Mamasi, Mikrobiyolojik Kalite, Mama Hazirlama Talimatlar

ABSTRACT

Investigation of microbiological quality of powdered infant formulas and their suitability
for formula preparation recommendations

The present study aimed to investigate the microbiological quality of powdered infant formulas on sale in
Turkey and to assess the compliance of the preparation instructions recommended by the formula companies
with the guidelines of the World Health Organization (WHO). In the study, 36 powdered infant formulas
belonging to 10 different companies were analysed regarding the presence of Cronobacter sakazakii, Bacillus
cereus, Staphylococcus aureus, coliform and faecal coliform, mould-yeast, total mesophilic aerobic bacteria
counts. C. sakazakii was detected in two of the examined formula samples. At various levels, B. cereus in
nine, S. auerus in four, coliform bacteria in 10 and faecal coliform bacteria in eight of the formula samples
were found and these identified values were discovered above the legal limits. When the compliance of the
preparation instructions recommended by the formula companies with the WHO guidelines was evaluated,
the instruction requiring the water temperature to be >70°C, which is critical in the control of C. sakazakii,
was not included in the preparation instructions of any formula companies. Although the microbiological
quality of the formulas was determined by the legal limits, it was observed that the targeted microbiological
quality could not be reached in some of the examined formula samples and the instructions prepared by the
companies may not be adequate for the food safety.

Keywords: Powdered Infant Formula, Microbiological Quality, Formula Preparation Instructions
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Giris

Anne siitii bebegin saglikli bitylimesi ve gelismesi i¢in gerekli
tiim s1v1, enerji ve besin 0gelerini igeren, biyolojik yararliligt
yliksek ideal bir besindir. Anne siitii sadece bir besin olmay1p
bebegi bulasici ve kronik hastaliklara kargi korumakta ve be-
begin duyusal ve biligsel gelisimini desteklemektedir (World
Health Organization, 2022; Centers for Disease Control and
Prevention, 2022). Anne siitii {istiin 6zellikleri ve faydalari
sebebiyle bebekler i¢in ilk tercih olmasina ragmen, emzirme-
nin yeterli ve miimkiin olmadig1 zamanlarda bebek mamalari
kullanilmaktadir (Martin vd., 2016).

Bebek mamalarinin igerigi anne siitiine benzetilmis olup toz
veya s1vi formda tiretilmektedir (Martin vd., 2016). Toz ma-
malar ekonomik olmalar1 ve kolay kullanimlari nedeniyle
siklikla tercih edilmektedir. Ancak toz mamalar mevcut {ire-
tim siirecleri nedeniyle steril {irtinler degildir ve patojen mik-
roorganizmalari igerebilmektedirler (Kent vd., 2015). Bebek-
ler olgunlasmamis bagisiklik ve gastrointestinal sistemleri
nedeniyle gida kaynakli enfeksiyonlara karsi son derece has-
sas olup mamalardaki muhtemel bir mikrobiyel kontaminas-
yon bebeklerde ciddi hastaliklara ve hatta Sliimlere sebep ola-
bilmektedir (Cho vd., 2019; Zheng vd., 2021). Bebek sagligi
ve sag kalimi agisindan bebek mamalarimin ulusal ve ulusla-
rarasi kriterlere uygun yiiksek mikrobiyolojik kaliteye sahip
olmasi son derece onemlidir (Kent vd., 2015).

Cronobacter sakazakii (Enterobacter sakazakii), bebek ma-
malarinda en sik bildirilen patojen olmanin yani sira mikro-
biyolojik kaliteyi gosteren en onemli bakterilerden biridir
(Xie ve Liu, 2021). C.sakazakii, bebeklerde hayati risk olus-
turan menenjit, sepsis ve nekrotizan enterokolit enfeksiyon-
larina neden olmaktadir ve vaka 6liim oran1 %40’a kadar ytiik-
selmektedir (Xie ve Liu, 2021; Strysko vd., 2020). C. saka-
zakii'nin yiiksek sicakliga direncinin olmasi, kuru ortamlarda
iki y1ldan fazla yasayabilmesi ve ¢esitli materyallere tutunup
antimikrobiyel miidahalelere diren¢li biyofilm olusturabil-
mesi, toz bebek mamasi iiretim tesislerinde, hastanelerde ve
ev ortaminda yok edilmesini ve 6nlenmesini karmasik ve zor
hale getirmektedir (Henry ve Fouladkhah, 2019).

C. sakazakii’nin yan sira Bacillus cereus (B.cereus) ve
Staphylococcus aerus (S. aureus) bebek mamalarinda siklikla
bildirilen diger patojen bakterilerdir (Sezer vd., 2015). B. ce-
reus sporlu bir bakteri olup sporlari kurutma, vakumlama,
dondurma, 1sitma, dezenfektan ajanlar, iyonizasyon, radyas-
yon ve ultraviyole 151k gibi birgok isleme dayaniklidir (Pei
vd., 2018). S. aureus ise 1s1ya dayanikli enterotoksinler tiret-
mesi nedeniyle gida kaynakli énemli bir patojendir (Wang
vd., 2012). S.aureus ve B. cereus Birlesmig Milletler Gida
Tarim Orgiitii (Food and Agriculture Organization, FAO) ve
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Diinya Saglik Orgiitii (DSO) tarafindan belirlenen bebek ma-
mas1 kontaminasyonuyla iliskili diisiik riskli bakteriler ara-
sinda yer almaktadir (World Health Organization, 2004).

Literatiirde bebek mamalarmin mikrobiyolojik kaliteleri
farkli kapsam ve yontemler ile incelenmistir. Yapilan arag-
tirma sonuglarina gore bebek mamalarinda C. sakazakii sik-
lig1 Latin Amerika’da %3.9 (5/128) (Parra-Flores vd., 2020),
Cin’de %2.8 (56/2020) (Fei vd., 2017), Iran’da %7.2 (9/125)
(Mardaneh ve Dallal, 2017) ve Tiirkiye’de %4.8 (3/62) (To-
katli-Demirok ve Arici, 2019) saptanmistir. Bu sonuglardan
farkli olarak Kuzey Kibris Tiirk Cumhuriyeti’nde yapilan ¢a-
lismada tahil bazli bebek mamalarinda ve tamamlayici besin-
lerde C. sakazakii saptanmamustir (Ziver vd., 2020). Benzer
sekilde Tiirkiye’de bebek mamalari, devam formiilleri ve bazi
tamamlayici besinlerin hijyenik kalitelerini degerlendiren ¢a-
lismada da hicbir 6rnekte C. sakazakii, Salmonella spp., ve
Escherichia coli bulunmamistir. Bunun yani sira incelenen
orneklerde koliform, B. cereus, S. aureus, kiif ve maya kon-
taminasyon seviyeleri sirasiyla %0.74, %2.22, %0.74,
%23.70 ve %2.96 olarak bulunmustur (Vural ve Geng, 2022).

Bebek mamalarindaki endojen patojen ve bozulma yapici
mikroorganizmalarin yani sira biberonlarin yetersiz temizlen-
mesi, uygun olmayan mama hazirlama ve yeniden 1sitma sii-
regleri bu mikroorganizmalarin ¢ogalmasina neden olabil-
mektedir (Sani vd., 2013). Mamalarin hazirlanmasi, kullanil-
mas1 ve depolanmasi siireclerindeki potansiyel kontaminas-
yonlar1 6nlemek i¢in DSO tarafindan bir kilavuz yaymlamis-
tir (World Health Organization, 2007). Ancak mama kutula-
rinin ve/veya paketlerinin iizerinde DSO tavsiyelerine uygun
hazirlama asamalarina yer verilip verilmedigi belirsiz olup
DSO tavsiyelerine uygunlugunun kontrol edilmesi potansiyel
kontaminasyonlar1 6nlemek agisindan 6nem tasimaktadir
(Sani vd., 2013). Literatiirde mama etiketlerinde yer alan ha-
zirlama talimatlarmin DSO tavsiyelerine uygunlugunu arasti-
ran sadece bir ¢alisma (Sani vd., 2013) olup tilkemizde ise
boyle bir calismaya rastlanilmamistir. Bu nedenle, bu calis-
mada tilkemizde satisa sunulan toz bebek mamalarinin mik-
robiyolojik kalitelerinin incelenmesi ve mama firmalar tara-
findan &nerilen hazirlama talimatlarinin DSO tavsiyelerine
uygunlugunun degerlendirilmesi amaglanmustir.

Materyal ve Metot

Bu calismada Istanbul'daki gesitli eczane ve marketlerde sa-
tilan 10 farkli mama firmasina ait 24 adet toz mama (% 66.6)
ve 12 adet toz siitlii tahilli ek gida (% 33.3) olmak iizere top-
lam 36 adet toz mama &rnegi incelenmigtir. Mamalarin 7 ta-
nesi 0-6 ay yenidoganlar i¢in kullanilan toz mamalar, 8 tanesi
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6-9 ay bebekler igin kullanilan toz mamalar, 5 tanesi 9-12 ay
bebekler igin kullanilan toz mamalar, 4 tanesi prematiire be-
bekler i¢in kullanilan toz mamalar ve 12 tanesi toz siitlii ta-
hilli ek gidadan olusmaktadir. Toz siitlii tahilli ek gidalar ti-
cari olarak “kasik mamasi” olarak satilmakta olup bu calis-
mada bu 6rnekler icin “siitlii tahilli ek gida” terimi kullanil-
mistir. Calismadaki toz mamalar DSO tarafindan hazirlanan
“Toz bebek mamalarinin giivenli hazirlanmasi, depolanmasi
ve kullanim1 yonergeleri (World Health Organization, 2007)”
mama hazirlama talimatlarina uygunlugu agisindan degerlen-
dirilmigtir. Yonerge 12 aya kadar kullanilan toz bebek mama-
larin1 kapsadigi i¢in 24 adet toz bebek mamasi degerlendiril-
meye alinirken 12 adet siitlii tahilli ek gida incelenmemistir.

Satin alinan toz bebek mamalari mikrobiyolojik acidan de-
gerlendirilinceye kadar orijinal ambalajlarinda ve saklama
kosullarina uygun olarak oda sicakliginda, 151k almayan or-
tamda bekletilmistir. Analiz 6ncesi toz mamalar ilk kez agi-
larak mama kutusunun iizerinde belirtilen mama hazirlama
talimatlarina uygun sekilde hazirlanmigtir. Mama hazirlama
suyu i¢in serum fizyolojik kullanilmis olup 6nce kaynatilip
sonra da her bir mama kutusunun iizerinde belirtilen sicakliga
kadar sogutulmustur. Bulas olmamasi i¢in 6rnekler alinirken
islemler uygun kosullar ve ortamlarda gerceklestirilmistir.
Kullanilacak biitiin malzemeler ve besiyerleri steril olarak ha-
zirlanmis ve mikrobiyolojik analizler aseptik kosullarda ya-
pilmistir. Mamalarin mikrobiyolojik kalitelerini degerlendir-
mek icin mama ornekleri C. sakazakii varhigi yoniiyle ince-
lenmis ayrica B. Cereus, S. aureus, , koliform ve fekal koli-
form bakteri, kiif-maya, toplam aerobik mezofilik canli bak-
teri (TAMCB) sayimi1 yapilmistir.

Coronabacter sakazakii analizinde 25’er gram mama Ornegi
tartilarak lizerine 225 mL tamponlanmig peptonlu su eklene-
rek homojenize edilmis ve 37°C’de 24 saat 6n zenginlestir-
meye tabi tutulmugstur. Elde edilen kiiltiirden 10 mL miktarda
90 mL Enterobacteriaceae Enrichment (EE) broth igine akta-
rilmis ve 37°C’de 24 saat inkiibe edilmistir. Inkiibasyonun
sonunda EE broth iginde gelisen kiiltiirlerden Enterobacter
sakazakii selektif Chromagar ve VRBD (Violet Red Bile
Dekstroz) agar besiyerlerine ekimler gerceklestirilmis,
37°C’de 24 saat inkiibe edilmistir. Inkiibasyonun ardindan
besiyerlerinde gelisen siipheli koloniler (Chromagar igin
mavi-yesil renkte, VRBD agar i¢in kirmizi renkte) Tryticase
Soy Agar besiyerine aktarilarak 25°C’de 48-72 saat inkiibe
edilmistir. Inkiibasyonun sonunda sar1 pigment olusturan ko-
loniler C. sakazakii olarak degerlendirilmistir (Muytjens,
1988).

Diger mikrobiyolojik analizler i¢in ise 10’ar gram mama 0r-
negi tartilip 90 mL steril serum fizyolojik (% 0.85 NaCl)
icinde homojenize edilerek ileri diliisyonlar1 hazirlanmaistir.
Elde edilen diliisyonlardan S. aureus ve B. cereus sayimi igin
de ylizeye yayma, koliform ve fekal koliform bakteri sayimi
icin ¢ift katli dokme plak, kiif-maya ve TAMCB sayimi i¢in
dokme plak yontemi ile Tablo 1’de yer alan besiyerleri kulla-
nilarak ekimler gergeklestirilmistir (Anonim, 2005; Temiz,
2010).

Analiz edilen mamalarin mikrobiyolojik uygunlugunun de-
gerlendirilmesi Tiirk Gida Kodeksi Bebek Formiilleri Tebligi
(2008) ve Mikrobiyolojik Kriterler Tebligi’ne (2011) gore
yapilmustir.

Tablo 1. Mikroorganizmalar i¢in kullanilan besiyerleri ve inkiibasyon kosullar

Table 1. Media Used for Microorganisms and Incubation Conditions

Mikrorganizma Besiyeri/Inkiibasyon kosullar

Buffered Peptone Water, 37°C’de 24 saat

Enterobacteriacae Enrichment broth, 37°C’de 24 saat

C. sakazakii Chrom Agar, 37°C’de 24 saat

Violet Red Bile Dekstroz Agar, 37°C’de 24 saat

Tripticase Soy Agar, 25°C’de 48 saat

B. cereus Bacillus cereus Medium 30°C’de 48 saat

S. aureus Baird Parker Agar 37°C’de 24-48 saat

Fekal koliform Violet Red Bile Agar 44.5°C’de 24-48 saat

Koliform Violet Red Bile Agar 37°C’de 24-48 saat

Kiif-maya Yeast Extract Glucose Chloramphenicol Agar / 28°C’de 3-5 giin
TAMCB* Plate Count Agar / 37°C’de 48 saat

* Toplam Aerobik Mezofilik Canli Bakteri
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Bulgular ve Tartisma

Bebeklerin gelismemis bagigiklik sistemleri nedeniyle bebek
mamalarinda gida giivenliginin saglanmasi 6nem arz etmek-
tedir. Toz bebek mamalarindaki potansiyel enfeksiyon riski
mamalarin yanlis kosullarda hazirlanmasi, kullanilmasi veya
saklanmasi gibi uygulamalar sonucu artabilmektedir (Martin
vd., 2016). Bebek mamalarindaki bu riski en aza indirmek
i¢in DSO tarafindan “Toz bebek mamalarinin giivenli hazir-
lanmasi, depolanmasi ve kullanim1 yonergeleri” gelistirilmis-
tir (World Health Organization, 2007). Bu ¢alismada 24 adet
toz bebek mamasinin etiketlerindeki mama hazirlama beyan-
lar1, DSO yonergesi dnerilerine gore degerlendirilmis ve so-
nuglar Tablo 2’de verilmistir. Mama firmalar tarafindan 6ne-
rilen hazirlama talimatlarmin DSO tavsiyelerine uygunlu-
guna bakildiginda incelenen drneklerin higbirinde DSO tav-
siyelerinin tamamina yer verilmedigi saptanmistir. Mamala-
rin yarisinda (%50) mama hazirlamadan 6nce ellerin su ve
sabunla yikanmasi onerilirken, tamaminda (%100) suyun
kaynatilmas1 gerektigi belirtilmistir. Mama hazirlama suyu-
nun sogutulma sicakligi genellikle 35-50 °C arasinda ifade
edilmis olup >70 °C’ye kadar sogutulmasimi belirten higbir
mama firmasi olmamistir. C. sakazakii’nin kontroliinde su si-
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cakliginin >70°C olmasi kritik noktalardan biri olup bu aras-
tirmada incelenen mama firmalarinin belirttigi mama suyunu
sogutma sicakligl (35-50°C) C. sakazakii riskini higbir se-
kilde azaltmamaktadir (World Health Organization, 2007).
Benzer sekilde Sani vd. (2013) tarafindan yapilan galigmada
da mamalarin hazirlama talimatlart DSO yénergesine uygun-
lugu acisindan incelenmis olup mamalarin kapsamli hazir-
lama Onerileri olmasina ragmen higbirinde su hazirlama si-
cakliginin >70°C olmas1 gerektigi Onerisinin bulunmadig1
bildirilmistir. Bu c¢alismada incelenen mamalarin hepsinde
“etikette bildirilen miktarda mama ekleyin ve karistirin” 6ne-
risine rastlanirken higbirinde “hazirlamig oldugunuz mamay1
akan suyun altinda tutarak veya buz dolu bir kaba koyarak
hizli bir sekilde besleme sicakligina sogutun” Onerisine yer
verilmemistir. Ayrica mama etiketlerinin hepsinde mamala-
rin her seferinde taze hazirlanmasi ve artan formiiliin kulla-
nilmamasi gerektigi belirtilmistir. Bebek mamalarinda mama
hazirlama, kullanma ve saklama 6nerilerine dogru, basit, an-
lagilir ve uygulamasi kolay sekilde yer verilmesi patojen mik-
roorganizmalarin ¢ogalmasin1 dnlemek agisindan 6nemlidir
(Crawley, 2020). Bebeklerde mama kaynakli olasi enfeksi-
yonlari 6nlemek ve azaltmak i¢in yasalar tarafindan toz bebek
mamalarinin iiriin etiketlerinin diizenlenmesi ve kontrol edil-
mesi gerekmektedir (Parra-Flores vd., 2015).

Tablo 2. Toz Bebek Mamalarinin DSO Mama Hazirlama Onerilerine Uygunlugunun Degerlendirilmesi

Table 2. Evaluation of the Compliance of the Powdered Infant Formulas with the WHO Formula Preparation Giuidelines

DSO toz mama hazirlama 6nerileri Saylljyglllt v, [SJZ}%IUH Dﬁ/%ll ;;al }lfls} Y;)k
Mamanin hazirlanacagi yiizeyi temizleyin ve dezenfekte edin. 2 8.3 0 0 22 91.7
Ellerinizi su ve sabunla yikayip tek kullanimlik pegete ile kurulayn. 12 50 0 0 12 50
Yeterli miktarda su kaynatin. 24 100 0 0 0 0
Uygun miktarda kaynatilmis suyu sogutup (>70°C) sterileze edilmis

. 0 0 24 100 0 0
besleme kabina veya biberona alin.
Etikette bildirilen miktarda mama ekleyin ve iyice karigtirin. 24 100 0 0 0 0
Hazirlamis oldugunuz mamayi akan suyun altinda tutarak veya buz dolu 0 0 0 0 24 100
bir kaba koyarak hizli bir sekilde besleme sicakligina sogutun.
Besleme kabinin veya biberonun digini tek kullanimlik pegete ile ) 3.3 0 0 29 917
kurulaym.
Mama, sicak su ile hazirlandigindan bebegin agzinin yanmamasi igin
bebeginizi beslemeden 6nce mama sicakligini kontrol edin, gerekirse 19 79.2 0 0 5 20.8
sogutmaya devam edin.
Iki saat iginde tiiketilmeyen mamayi kullanmayin. 24 100 0 0 0 0

DSO: Diinya Saglik Orgiitii




Research Article

Food Health 9(1), 27-36 (2023) e https://doi.org/10.3153/FH23003

Toz bebek mamalari, C. sakazakii enfeksiyonlar1 nedeniyle
bebeklerde ciddi hastaliklar ve 6liim ile iligkilendirilmektedir
(Parra-Flores vd., 2015). Amerika Birlesik Devletleri Hasta-
lik Kontrol ve Korunma Merkezleri tarafindan yayimlanan
“Besin giivenligi ve erken bebeklik déneminde Cronobacter
enfeksiyonlar1” baglikli raporda 1961-2018 yillar1 arasindaki
Cronobacter enfeksiyonlar1 incelenmistir. Rapora gore en-
feksiyon geciren bebeklerin ¢gogunun yenidogan (%67) ol-
dugu, enfeksiyon gegirenlerin %38’inin 6ldiigii ve bu vakala-
rin %79’unun yakin zamanda toz bebek mamasi tiikettigi bil-
dirilmigtir. Rapora goére ¢aligmanin son ¢eyreginde bildirilen
vaka oranlarinda ciddi artiglarin oldugu, 6nceki yillarda bil-
dirilen vakalarin genellikle hastanede yatan ve prematiire be-
beklerde gorildiigii ancak son yillarda hastanede yatmayan
ve zamaninda dogan bebeklerde arasinda da prevelansin artis
gosterdigi saptanmustir (Strysko vd., 2020).

Birlesmis Milletler Gida ve Tarim Orgiitii ile DSO tarafindan
toz bebek mamalarinda bulunabilen ve bebeklerde enfeksi-
yona neden olabilen mikroorganizmalar, olusturduklari risk-
lere gore siniflandirilmis ve C. sakazakii en yiiksek risk grubu
olan A smifinda gosterilmistir (World Health Organization,
2004). Tirk Gida Kodeksi Mikrobiyolojik Kriterler Yonet-
meligi (2011)’ne gdre bebek mamasi formiilleri ve devam
formiillerinde (6zel tibbi amach diyet gidalar dahil) 25 g 6r-
nekte Cronobacter spp. bulunmamalidir. Tiirkiye’de yapilan
meta analizde bebek mamalarinda C. sakazaki prevelansi
0.01 (0.00-0.01) olarak saptanmistir (Al vd., 2020). Bu calis-
mada incelenen siitli tahilli ek gidalarin 2°sinde C. sakazakii
saptanmistir (Tablo 3). Calismada mama paketleri ilk defa
acilip analiz edildigi i¢in bu durumun bakterilerin pastorizas-
yona direngli olmasindan, pastdrize edilmeden ilave edilen
gida katkilarindan veya hazirlama agamasindaki kontaminas-
yondan kaynaklanabilecegi diistiniilmistiir (Kalyantanda vd.,
2015).

B. cereus, FAO/DSO tarafindan bebek mamasi kontaminas-
yonu ile iligkili diisiik riskli bakteri siniflandirmasinda (C
grubu) yer almasina ragmen (World Health Organization,
2004) bebek mamalardaki prevalans1 gida kaynakli enfeksi-
yon salginlarina neden olacak kadar yiiksektir (Pei vd., 2018).
Cin’de 6656 toz mamanin incelendigi arastirmada 6rneklerin
%7.53’Unlin B. cereus ile kontamine (=10 kob/g) ve
%1.1’inde bu diizeyin 100 kob/g lizerinde oldugu saptanmis-
tir (Pei vd., 2018). Mamalarda B. cereus kontaminasyon sik-
lig1 Kore’de %20.9 (Kim vd., 2011), Libya’da %64.3 (Shad-
lia-Matug vd., 2008) olarak bildirilmistir. Tiirkiye’de yapilan
caligmalarda ise bebek mamalarinin B. cereus ile kontaminas-
yon orani %10 (Sezer vd., 2015), %7 (Bahgeci vd., 2018) ve
%6.3 (Var vd., 2021) olarak bulunmustur. Bu ¢alismada 5

adet toz bebek mamasi1 ve 4 adet siitlii tahilli ek gida olmak
lizere 6rneklerin 9 tanesinde (%25) 1.0x10° — 3.0x10° kob/g
diizeyleri arasinda B. cereus tespit edilmistir (Tablo 3). Bu
diizey Tiirk Gida Kodeksi Mikrobiyolojik Kriterler Y énetme-
ligi (2011) tarafindan belirlenen bebek mamalarinda tolere
edilebilir B. cereus miktarlarinin (5x10'- 5x10* kob/g) iize-
rindedir. Toz mamalarda B. cereus sporlari siklikla buluna-
bilmekte ve uygun kosullarda gelisebilmektedir. Mamanin
uygun olmayan kosullarda hazirlanmasi, sogutulmasi ve sak-
lanmasi bu sporlarinin ¢ogalmasina ve toksin olugsumuna ne-
den olabilmektedir (Sadek vd., 2018).

Bebek mamalar1 sahip olduklart pH, su aktivitesi, yapilari ve
besin bilesimleri (protein ve nisasta) nedeniyle S. aureus’un
gelismesi ve stafilokok enterotoksinlerinin olusmasi i¢in po-
tansiyel risk igermektedir (Geng vd., 2021). Bebek mamalari
ve devam siitleri ile yapilan ¢aligmalarin bazilarinda (Var vd.,
2021; Ergiin vd., 2002) Tiirk Gida Kodeksi Bebek Formiilleri
Tebligi (2008)’ne uygun sekilde S. aureus tespit edilmemis-
tir. Ancak bu calismada toz mamalarin 1’inde ve siitlii tahilli
ek gidalarin 3’iinde olmak iizere toplam 4 mamada (%11.1)
2.0x10* — 7.0x10% kob/g diizeyinde S. aureus saptanmistir
(Tablo 3). Benzer sekilde Wang vd. (2012) inceledikleri toz
bebek mamalarinin %11.2’sinde S. aureus tespit etmislerdir.
S. aureus genellikle insanlardan gidalara bulagmakta, gida
iiretimindeki hammadde ve/veya iiretim, hazirlama asama-
sindaki kontaminasyonlar mamalarda S. aureus gelisimine
neden olabilmektedir (Geng vd., 2021).

Bebek mamalarmin mikrobiyolojik kalitesini gdsteren en
onemli parametrelerden biri koliform grubu bakterilerdir
(Buchanan ve Oni, 2012). Bebek mamalarinda yapilan aras-
tirmalarda %12.9 (Tokatli-Demirok ve Arici, 2019), %22
(Sezer vd., 2015) ve %25 (Ergiin vd., 2002) oraninda koli-
form bakteri tespit edilmistir. Benzer sekilde bu ¢alismada
da 36 orneginin 10 tanesinde (% 27.7) 1.0x10' — 3.0x10°
kob/g diizeyinde koliform bakteri, 8 tanesinde (%22.2)
2.0x10' — 2.04x10° kob/g diizeyinde fekal koliform bakteri
varligina rastlanilmistir (Tablo 3). Tiirk Gida Kodeksi Mik-
robiyolojik Kriterler Yonetmeligi (2011)’ne gére Enterobac-
teriaceae familyasi i¢indeki bakteriler mamalarda hi¢ bulun-
mamalidir. Bu familyanin igerisinde koliform, fekal koliform
ve Enterobacter sakazakii (C. sakazakii) yer almaktadir. Ma-
malarda koliform ve fekal koliform bakterilerin varlig: fekal
kokenli kontaminasyon, mamanin elde edildigi hammadde-
nin dzellikle de siitlerin hijyenik kalitelerinin diisiik olmasi,
pastdrizasyon uygulamalarinin yetersizligi ve pisirme ve pas-
torizasyon sonrast kontaminasyon ile iliskilendirilmektedir
(Buchanan ve Oni, 2012).
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Tablo 3. Mama Orneklerinin Mikrobiyolojik Analiz Sonuglar1 (kob/g)

Table 3. Results of Formula Samples' Microbiological Analysis (kob/g)
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1-Toz - <102 <102 <10! <10! <10! <10!
2-Toz - <102 <102 <10! <10! <10! <10!
3-Toz - <102 <102 <10! <10! <10! <10!
4-Toz - <102 <102 <10! <10! <10! <10!
5-Toz - 1.0x 10° <10? <10! <10! <10! <10!
6-Toz - <10? <10? <10! <10! 2.0x 10! 3.0x 10!
7-Toz - <10? <10? <10! <10! 2.0 x10! 1.0 x 10?
8-Toz - <10? <10? <10! <10! 3.0x 10! 5.0x 10!
9-Toz - <10? <10? <10! <10! 2.3x 10! 1.1 x10?
10-Toz - <102 <102 <10! <10! <10! <10!
11-Toz - <10? <10? <10! <10! 3.0x 10! <10!
12-Toz - 1.0x10° <10? <10! <10! <10! <10!
13-Toz - <10? <10? <10! <10! 3.0x 10! 3.0x 10!
14-Toz - 1.0x10° <10? <10! <10! <10! 3.6x10?
15-Toz - 3.0x 103 <10? 2.0x 10! 2.0x 10! <10! 3.8x10?
16-Toz - <10? <10? <10! <10! <10! 3.7x 10?
17-Toz - <10? <10? <10! <10! <10! 1.13x 10°
18-Toz - 1.0x10° <10? <10! <10! <10! 5.0x 10!
19-Toz - <10? <10? <10! <10! <10! 4.5x 107
20-Toz - <10? <10? 1.0x 10! <10! <10!
21-Toz - <10? <10? <10! <10! <10! 4.1x10?
22-Toz - <10? <10? 3.0x 103 2.04x 10° <10! 9.72 x 10°
23-Toz - <10? 33x 103 4.8 x 10? 9.0x 10! <10! 6.0 x 102
24-Toz - <10? <10? 5.0x 10! 3.0x 10! <10! 7.0x 10!
1-STEG* - 20x10° <10? <10! <10! <10! 7.6 x 102
2-STEG - <102 <102 <10! <10! <10! <10!
3-STEG - <10? <10? <10! <10! <10! 9.0x 10!
4-STEG - <10? <10? <10! <10! <10! 2.0x 10!
5-STEG - <102 <102 <10! <10! <10! <10!
6-STEG - <10? <10? 1.69 x 10° 1.38x 10° <10! 1.74 x 10°
7-STEG - <10? <10? 1.6 x 10? 1.3 x 10? 4.0x 10! 4.7 x 107
8-STEG + <10? <10? 1.43x 10° 1.36x 10° 2.0x 10! 1.5x10°
9-STEG + <10? <10? 1.52x 10° 1.26x 10° 1.0x 10! 1.56 x 10°
10-STEG - 1.0x10° 7.0 x 102 <10! <10! <10! 1.0x 10!
11-STEG - 1.0x10° 5.0x 10? 2.0x 10! <10! <10! 5.0x 10!
12- STEG - 1.0x10° 2.0x 10? <10! <10! <10! 5.0x 10!

*STEG: Siitlii Tamllh Ek Gida
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Mamalarda bulunan kiif-maya yiikii yetersiz hijyen kosulla-
rin1 gostermekte olup zararh alerjenlere neden olarak sagligi
olumsuz etkileyebilmektedir (Abdelreda ve Ajmi, 2016). Vu-
ral ve Geng (2022) bebek mamasi, devam formiilleri ve bazi
tamamlayic1 besinleri mikrobiyolojik kalite agisindan deger-
lendirdikleri ¢aligmalarinda 6rneklerin % 23.7’sinde kiif ve
%2.96’sinda maya saptamislardir. Heperkan vd. (2017) ise
toz bebek mamasi ve devam formiillerinde kiif ve mayaya
rastlamamuislardir. Bu ¢alismada toz mamalarin 6’s1, siitlii ta-
hilli ek gidalarin 3’ii olmak {izere 6rneklerin 9 tanesinde (%
25) 1.0x10" — 4.0x10' kob/g diizeyinde kiif-maya tespit edil-
mistir (Tablo 3). Tespit edilen bu diizey Tiirk Gida Kodeksi
Bebek Formiilleri Tebligi (2008) tarafindan belirlenmis limit
degerin (1.0x10? kob/g) altindadir. Mamalarda tespit edilen
kiif ve maya yiikiiniin iiretim asamasinda hammaddenin uy-
gun kosullarda depolanmamasi veya hazirlanma asamasin-
daki kontaminasyon ile gelismis olabilecegi diisiiniilmekte-
dir. Bu nedenle iiretimde ve mamalarin hazirlanmasinda hij-
yen kurallarina ve uygun kosullarda depolanmasina dikkat
edilmelidir.

Toplam aerobik mezofilik canli bakteri sayisi gida maddele-
rinin mikrobiyolojik kalitesini gosteren dnemli bir parametre
olup bu degerin yiiksek olmasi patojen bakteri varligi veya
gidanin hijyenik durumu hakkinda bilgi verebilmektedir
(Buchanan ve Oni, 2012). Parra-Flores vd. (2020), 128 bebek
mamasin1 61’inde (%47.6) >10* kob/g aerob bakteri sapta-
mistir. Sezer vd. (2015), 50 adet bebek mamasi1 ve devam sii-
tiinde TAMCB say1sin1 ortalama 1.0x10° kob/g bulmus ve 1
ornekte (%2) Tirk Gida Kodeksi kriterlerinin iizerinde
TAMCB saptamigtir. Bu c¢aligmada ise toz mamalarin
10’unda, siitlii tahilli ek gidalarin 15’inde olmak {izere 25
mamada (%69.4) 2.0x10' — 9.72x10° kob/g diizeyinde
TAMCB saptanmig olup (Tablo 3) tespit edilen bu diizey
Tiirk Gida Kodeksi Bebek Formiilleri Tebligi (2008) limit dii-
zeyinin (1.0x10* kob/g) altindadir. Benzer sekilde Tokatli-
Demirok ve Arici (2019) ¢alismasinda da incelenen 62 bebek
mamasinin 54’iinde TAMCB saptamislardir. Bebek mama-
lar1 ve devam formiillerinde toplam organizma sayisindaki en
onemli degisiklikler, hazirlama ve tiikketim arasindaki asa-
mada meydana gelmektedir. Bu nedenle annelere ve hastane
calisanlarina 6zel egitim verilerek hazirlanan bebek mamala-
rinin uygun kosullarda en kisa siirede tiiketilmesinin saglan-
mast onemlidir (Sezer vd., 2015).

Bu aragtirmada sinirli sayida toz bebek mamasinin incelen-
mesi ¢aligmanin smirliligidir. Gelecek caligmalarda Tiirkiye
piyasasinda yer alan toz bebek mamalar1 ve ek gidalar mik-
robiyolojik ve DSO mama hazirlama talimatlar1 agisindan
kapsaml1 bir sekilde degerlendirilebilir. Bu kisithiligina rag-
men bu ¢alisma, Tlrkiye piyasasinda yer alan bebek mamasi

firmalarinin neredeyse tamamina ait belirli 6rnekleri mikro-
biyolojik kalite agisindan incelemesi nedeniyle 6nem tasi-
maktadir. Ayrica Tiirkiye piyasasindaki mama firmalari tara-
findan &nerilen hazirlama talimatlarinin DSO tavsiyelerine
uygunlugunu degerlendiren herhangi bir calismaya litera-
tiirde rastlanmamis olup bu ¢aligmanin konu hakkinda litera-
tiire katki saglayacag: diisiiniilmektedir.

Sonuc¢

Bu ¢alismada Tiirkiye’de satiga sunulan 10 farkli firmaya ait
toplam 36 adet toz bebek mamasi ve toz siitlii tahilli ek gida
mikrobiyolojik agidan incelenmis ve mama firmalar tarafin-
dan onerilen hazirlama talimatlarinin DSO tavsiyelerine uy-
gunlugu degerlendirilmistir. Toplam 36 mama G6rneginin iki
tanesinde C. sakazakii tespit edilmis olup dokuz tanesinde B.
cereus, dort tanesinde S. auerus, 10 tanesinde koliform, sekiz
tanesinde fekal koliform, dokuz tanesinde kiif-maya ve 25 ta-
nesinde TAMCB ¢esitli diizeylerde tespit edilmistir. Mama
firmalar1 tarafindan onerilen hazirlama talimatlarinin DSO
tavsiyelerine uygunluguna bakildiginda ise incelenen 6rnek-
lerin higbirinde DSO tavsiyelerinin tamamina yer verilmedigi
ve Ozellikle de C. sakazakii agisindan kontrol edici kritik
nokta olan suyun hazirlama sicakliginin >70°C olmasi1 6neri-
sinin belirtilmedigi goriilmiistiir.

Toz bebek mamalarindaki olasi patojenlerin iiretimdeki kont-
roliiniin yan1 sira hazirlama, kullanma ve depolama sirasin-
daki kontaminasyonlar1 azaltmak icin uluslararast kurulusla-
rin mama hazirlama, kullanma ve depolama dnerilerine uyul-
masi son derece dnemlidir. Toz bebek mamalarimin {irlin eti-
ketlerinin diizenlenme kurallarinin tilkelere 6zgii mevcut ¢a-
lismalar g6z Oniine alinarak giincellenmesi ve siirecin takip
etmesinin toz bebek mamasi1 kaynakli enfeksiyonlarin azaltil-
masinda etkili olabilecegi diistiniilmektedir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar catigmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii
degildir.

Finansal destek: -

Tesekkiir: Arastirmanin analiz kismindaki katkilarindan dolay1
Fatma Kog¢’a, Elif Bilge Caglayan’a, Esra Tansu
Abdurrahmanoglu’na, Kadriye Kiibra Bingdl’e ve Nisanur
Ciftcioglu’na tesekkiir ederiz.
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Pigirme isleminin sebzelerin fiziksel ve kimyasal 6zelliklerinde degisimlere yol actig1 bilinmekte-
dir. Yesil fasulye ve kabak Tiirk mutfaginda yaygin bir kullanim alanina sahiptir. Bu ¢aligmanin
amact Sous vide (SV) ile geleneksel pisirme (haslama ve buharda) yontemlerinin yesil fasulye ve
kabagin renk 6zellikleri ve antioksidan kapasitesine etkilerinin karsilastirilmasidir. Taze ve 3 farkli
pisirme yontemi uygulanmis sebze o6rneklerinin renk 6zellikleri (L*, a* ve b*), toplam fenolik
madde miktar1 (TFM), 2,2-difenil-1-pikrilhidrazil (DPPH) radikal temizleme aktivitesi ve demir
(IIT) iyonu indirgeme antioksidan giicii belirlenmistir. Pigirme islemi sonrasi sebzelerin parlaklik
degerlerinde azalma ve kirmizilik-yesillik degerlerinde artiglar gozlenmistir. Sebzelerin TFM ige-
riginin en iyi korundugu pisirme yonteminin SV yontemi oldugu belirlenmistir. Pigsirme yontem-
lerinin antioksidan kapasiteye etkisinin sebze ¢esidine gore farkliliklar gosterdigi de belirlenmistir.
Kabak 6rnekleri i¢in haslama yonteminde yesil fasulye 6rnekleri i¢in buharda pigsirme yonteminde
en yiiksek antioksidan kapasite degeri elde edilmistir.

Anahtar Kelimeler: Antioksidanlar, Pisirme yontemleri, Sous vide, Sebzeler
ABSTRACT

Comparision of the effect of sous vide with traditional cooking methods on color properties
and antioxidant capacity of zucchini and green bean

Cooking process is known to cause changes in the physical and chemical properties of vegetables.
Green beans and zucchini are widely used in Turkish cuisine. The aim of this study was to compare
the effects of Sous vide (SV) with traditional cooking (boiling and steaming) methods on the color
properties and antioxidant capacity of green beans and zucchini. Color characteristics (L*, a* and
b*), total phenolics content (TPC), 2,2-diphenyl-1-picrylhydrazil (DPPH) radical scavenging ac-
tivity and iron (III) ion reduction antioxidant power of fresh and cooked vegetables by 3 different
cooking methods were determined. After the cooking process, a decrease in the lightness values

and an increase in the redness-greenness values were observed. It was determined that the TPC of
the vegetables was best preserved in the SV method. The effects of cooking methods on the anti-
oxidant capacity were determined to differ according to the vegetable variety. The highest antiox-
idant capacity value was obtained for the zucchini samples in the boiling method and for the green
bean samples in the steaming method.

Keywords: Antioxidants, Cooking methods, Sous vide, Vegetables
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Giris

Epidemiyolojik ¢aligmalar, meyve ve sebze tiiketimi ile kar-
diyovaskiiler rahatsizliklar, kanser ve yaslanma arasinda ne-
gatif bir iligki oldugunu goéstermistir. Meyve ve sebze tiiketi-
minin saglik {izerine olumlu etkileri bu iiriinlerin C vitamini,
E vitamini, karotenoidler ve fenolik maddeler gibi antioksi-
dan 6zellik gosteren bilesenler igermesi ile iliskilendirilmek-
tedir (Kaur ve Kapoor, 2001). Sebzelerin antioksidan madde
icerigi, sebzelerin genetik dzelliklerine, yetistirilme kosulla-
rina, hasat sonrasi dagitim ve depolanma kosullarina ve seb-
zelerin islenmesi esnasinda uygulanan islemlere bagl olarak
degismektedir (Danesi ve Bordoni, 2008). Sebzeler genel-
likle pisirilerek tiiketilmektedir. Pigirme igleminin sebzelerin
kimyasal bilesiminde degisimlere yol agarak biyoaktif bile-
senlerin miktarin1 ve biyoyararmi etkiledigi bilinmektedir
(Miglio vd., 2008).

Hagslama ve buharda pisirme en yaygin kullanilan geleneksel
pisirme yontemleridir. Geleneksel pisirme yontemleri besin
ogeleri ve lezzet 0gelerinde kayba yol acabilmektedir (dos
Reis vd., 2015). Bu kayiplart en aza indirmek i¢in yeni pi-
sirme yontemleri lizerinde caligilmaktadir. Sous vide (SV)
(vakum altinda pigirme) yeni pisirme yontemlerinden birisi-
dir. Bu yontemde gidalar vakum altinda paketlenir, vakum-
lanmis paketteki gidalar kontrollii kosullarda (sicaklik ve
stire) pisirilir (Baltali ve Akoglan Kozak, 2017). Yiiksek si-
caklik nedeni ile yapis1 bozulan veya oksidasyonla kayba ug-
rayan besin 6gelerinin kontrollii 1s1l islem uygulanan SV pi-
sirme tekniginde daha az kayba ugradigi diistiniilmektedir
(Cosansu ve Kiymetli, 2016).

Literatiirde yer alan ¢aligsmalarin bir kisminda pisirme islemi
sonrasi antioksidan kapasitede artis bir kisminda ise antioksi-
dan kapasitede azalma meydana geldigi rapor edilmistir (Fer-
racane vd., 2008; Jiménez-Monreal vd., 2009; Lafarga, vd.,
2018; Miglio vd., 2008; Wachtel-Galor vd., 2008). Pisirme
isleminin sebzelerinin antioksidan kapasitesine etkisinin seb-
zelerin morfolojik 6zellikleri ve besinsel kompozisyonu ve
pisirme yontemi kosullarina bagli olarak degisiklik gosterdigi
diistinilmektedir.

Yesil fasulye ve kabak Tiirk mutfak kiiltiirtinde yaygin kulla-
nim alanina sahiptir. Antioksidan maddeler agisindan zengin
olan bu sebzelerin pisirilmesinde yaygin olarak haglama ve
buharda pisirme yontemleri kullanilmaktadir. Literatiirde pi-
sirme yontemlerinin sebzelerinin antioksidan kapasitesine et-
kisinin incelendigi ¢ok sayida c¢aligma bulunmakla birlikte
SV pisirme yonteminin etkisini inceleyen 6zellikle yesil fa-
sulye ve kabak i¢in sinirla sayida ¢alismaya ulasilmaktadir.
Bu calismada SV pisirme yontemi ile geleneksel pisirme yon-
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temlerinden haslama ve buharda pisirme iglemlerinin sebze-
lerin toplam fenolik madde igerigi ve antioksidan kapasite-
sine etkilerini kiyaslamak icin sebzelerin toplam fenolik
madde miktar1 ve antioksidan kapasitesi belirlenmistir. Ay-
rica sebzelerin renk 6zellikleri de belirlenmistir.

Materyal ve Metot
Sebzeler

Sebzeler Trabzon’da yerel bir pazardan temin edilmistir. Seb-
zeler 4°C’de muhafaza edilmis ve 24 saat i¢inde hazirlama
islemine baslanmistir.

Sebzelerin Pisirme Islemi icin Hazirlanmasi

Sebzeler bol su ile yikamanin ardindan, ayiklanmis ve kuru-
lanmigtir. Homojen irilige sahip olmasi i¢in kabaklar yaklagik
1 cm kalimhiginda ve yesil fasulyeler ise 4-5 cm uzunlugunda
dogranarak 100 g olarak hassas terazide tartilmistir. Pigirme
islemleri 3 tekrarli uygulanmustir.

Pisirme Yontemleri

Caligsmada haslama, buharda pisirme ve Sous vide yontemleri
uygulanmstir.

Yapilan ¢alismada; haslama ve buharda pisirme yontemle-
rinde pisirme siiresinin belirlenmesi, Sous vide pisirme yon-
teminde ise sicaklik ve siirenin belirlenmesi amaciyla 6n de-
nemeler yapilmistir.

Haglama yonteminde; hassas terazide 100 g 6rnek tartilmis ve
igerisinde 500 mL kaynamis su bulunan tencereye alinan seb-
zeler pisirilmistir. Kabaklar igin 15 dakika ve fasulyeler i¢in
20 dakika pisirme siiresi uygulanmustir.

Buharda pisirme yonteminde; hassas terazide 100 g 6rnek tar-
tilmis ve sebzeler ‘Fakir Hausgerate’ buharli pisirme cihazina
yerlestirilmistir. Kabaklar i¢in 25 dakika ve fasulyeler igin 20
dakika pisirme siiresi uygulanmistir.

Sous vide pisirme yonteminde; hassas terazide 100 g 6rnek
tartilmis ve sebzelere vakum altinda ambalajlama islemi uy-
gulanmistir. Sicak su banyosunda kabaklar 90°C - 45 dk ve
fasulyeler 90°C - 60 dk pisirilmistir.

Fenolik Madde Ekstraksiyonu

Fenolik madde ekstraksiyonunda % 80’lik metanol kullanil-
mustir (Kosewski vd., 2018). Homojenize edilmis drnekten
0.5 gram tartilmig, 5 mL ¢6ziicii eklenmis ve 30 dakika ultra-
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sonik banyoda ekstraksiyon islemi uygulanmustir. Ekstraksi-
yon islemi sonrast numune 5 dakika 4000 rpm’de santrifiij
edilmis ve iist faz alma islemi gergeklestirilmistir. Ust faz
alindiktan sonra kalintiya 5 mL ¢6ziicli eklenip ekstraksiyon
ve santrifiij islemleri tekrar edilmis ve siizme islemi sonrasi
siizlinti hacmi 10 mL’ye tamamlanmistir. Ekstraktlar
- 18°C’de muhafaza edilmistir.

Toplam Fenolik Madde Analizi

Toplam fenolik madde analizi Folin Ciocalteu yontemine
gore gergeklestirilmistir. 0.1 mL ekstrakt iizerine 0.5 mL fo-
lin reaktifi (1:10 suyla seyreltilmis) eklenerek 5 dakika ka-
ranlik ortamda bekletildikten sonra 0.4 mL sodyum karbonat
(1 M) ¢ozelti tizerine eklenmistir. Ardindan ¢6zeltiye 3.6 mL
su ilave edilerek karistirildiktan sonra bir saat karanlik or-
tamda bekletilmistir ve UV-VIS spektrofotometre ile (Shi-
madzu UV-1800, Japonya) 760 nm’de absorbans okumasi
gergeklestirilmistir. Kalibrasyon grafigi gallik asit (10-20-40-
60-80-100-125 mg/L) ile hazirlanmugtr.

DPPH Radikal Temizleme Aktivitesi

Antioksidan aktivenin belirlenmesinde DPPH radikal temiz-
leme yontemi kullanilmigtir. Ekstrakt (1 mL) deney tiipiine
alimmis ve iizerine DPPH reaktifi (60 uM, 1 mL) ilave edil-
mistir. Deney tiipleri karistirilmis ve karanlikta 1 saat bekle-
tilmigtir. UV-VIS spektrofotometre ile (Shimadzu UV-1800,
Japonya) 515 nm’de absorbans 6l¢iilmiistiir. Kalibrasyon gra-
figi Troloks (6.25-12.5-25-50-100-150 pM) ile hazirlanmis-
tir.

FRAP Demir (III) Iyonu Indirgeme Antioksidan Giicii

FRAP demir (III) iyonu indirgeme antioksidan giicli yontemi
kullanilmigtir. FRAP reaktifi sodyum asetat tamponu
(pH=3.6), TPTZ (10 mM) ve demir-3-kloriir (20 mM) 10:1:1
oraninda karistirilmasiyla hazirlanmigtir. Ekstrakt (0.5 mL)
deney tiipiine alinmig ve iizerine FRAP reaktifi (1.5 mL) ilave
edilmistir. Tipler tiip karigtiricida karistirilmistir. Tiipler 20
dakika bekletilerek UV-VIS spektrofotometre ile (Shimadzu
UV-1800, Japonya) absorbanslar1 593 nm’de okutulmustur.
Kalibrasyon grafigi Troloks (3.125-6.25-12.5-25-50-100
uM) ile hazirlanmustir.

Renk Tayini

Kabak ve yesil fasulye drneklerinde renk dlglimii, her tekrar-
dan alian 6rneklerin iizerindeki {i¢ farkli noktadan 6l¢iim ya-
pilarak gerceklestirilmistir. Renk tayin cihazi (Konica Mi-
nolta CR-400, Japonya) ile L*, a* ve b* degerleri tespit edil-
mistir.
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Istatistiksel Analiz

Aragtirma sonuglarinin degerlendirilmesinde SPSS 22.0
(IBM) programi kullanilmigtir. Sonuglar ortalama =+ standart
sapma olarak hesaplanmistir. Elde edilen bulgulara tek yollu
varyans analizi uygulanmistir. Pisirme islemleri arasindaki
farkliliklar1 belirlemek igin Duncan testi uygulanmistir. Or-
nekler arasindaki farkliliklar % 95 giiven araliginda verilmis-
tir.

Bulgular ve Tartisma

Ug farkl1 pisirme yonteminin kabak ve yesil fasulyenin renk
ozellikleri, toplam fenolik madde miktar1 ve antioksidan ka-
pasitesi {izerine etkileri incelenmistir.

Renk Analizi

Renk analizi sonuglari Tablo 1’de verilmistir. Pigirme yon-
temlerinin L* degeri {izerine istatiksel olarak dnemli ve ne-
gatif bir etkisinin oldugu tespit edilmistir (p<<0.05). Pisirme
yontemlerine gore fasulye 6rneklerinin L* degerleri arasinda
istatistiksel olarak dnemli bir fark bulunmamistir (p>0.05).
Kabak orneklerinde ise haslama yonteminin L* degerinde en
fazla azalmaya neden olan yontem oldugu belirlenmistir. Ka-
bak 6rneklerinin a* degeri lizerine pisirme yontemlerinin is-
tatistiksel olarak dnemli bir etkisinin olmadig: tespit edilirken
(p>0.05) fasulye orneklerinin a* degeri lizerine istatistiksel
olarak 6nemli ve pozitif bir etkisinin oldugu tespit edilmistir
(p<0.05). Pisirme yontemlerinin sebzelerin b* degeri lizerine
istatistiksel olarak 6nemli bir etkisinin olmadig1 belirlenmis-
tir.

Tiiketici tercihini etkileyen 6nemli kalite parametrelerinden
birisi gidalarin renk 6zellikleridir. Pisirme islemi sonrasi seb-
zelerin renk ozelliklerinde degisimler meydana geldigi belir-
lenmistir. Sebzelerin parlaklik degerinde azalma goézlenirken
kirmizilik-yesillik degerinde artis gézlenmistir.  Literatiir-
deki ¢calismalarda da benzer sonuglar elde edilmistir. Yesil fa-
sulye ile yapilan bir ¢calismada haglama ve SV pisirme sonrast
(Guillén vd., 2017) ve kabak ile yapilan bir ¢aligmada ise has-
lama ve buharda pisirme islemi sonras1 (Miglio vd., 2008) L*
degerinde azalma ve a* degerinde artig tespit edilmistir. a*
degerinde meydana gelen degisim sebzelere yesil rengini ve-
ren klorofil pigmentinin pargalanmast ile iliskilendirilmistir.

SV pisirme yontemi geleneksel yontemlerle kiyaslandiginda
kabak 6rnegi i¢in rengin haglama yontemine gore daha iyi ko-
rundugu fasulye 6rnegi i¢in ise dnemli bir farklilik goriilme-
digi yorumu yapilabilir.
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Tablo 1. Renk analizi sonuglari

Table 1. Results of color analysis

L*
Yontem Kabak Fasulye
Taze 75.86+2.14*  59.27+0.78*
Haglama yontemi 52.20+1.04¢  47.57+1.53°
Buharda pisirme yontemi ~ 61.38+0.42°  47.20+2.60°
Sous vide yontemi 56.00+£1.01°  46.1442.52°
a*
Yontem Kabak Fasulye
Taze -8.04+0.432 -13.09+0.29¢
Haslama yontemi -7.02+0.932 -7.92+1.12¢
Buharda pisirme yontemi ~ -7.09+0.67° -4.82+0.96°
Sous vide yontemi -6.94+0.39? -2.66+0.49?
b*
Yontem Kabak Fasulye
Taze 27.61+1.76"  21.96+0.99°
Haglama yontemi 24.30+3.10>  22.45+2.782
Buharda pisirme yontemi  29.90+1.61*  21.82+1.48*
Sous vide yontemi 27.02+0.94%  20.34+1.38°

Ayni siitiin i¢inde farkli harflerle gosterilen degerler arasinda Dun-
can ¢oklu kargilastirma test sonuglarina gore istatistiksel olarak
6nemli fark vardir (p<0.05)

Toplam Fenolik Madde Analizi

Toplam fenolik madde analiz sonuglar1 Tablo 2’de ve-
rilmistir. Haglama ve SV pisirme yontemlerinin kabak o6r-
neklerinin toplam fenolik madde miktar1 iizerine etkisi ista-
tistiksel olarak 6nemsiz bulunurken (p>0.05) buharda pisirme
yonteminin istatistiksel olarak 6nemli ve negatif etkisinin bu-
lundugu tespit edilmistir (p<<0.05). Fasulye o6rneklerinde ise
haglama yonteminin istatistiksel olarak énemli ve negatif et-
kisi tespit edilirken (p>0.05) diger iki yontemin etkisinin is-
tatistiksel olarak 6nemsiz oldugu belirlenmistir (p<0.05).

Bu ¢aligmada pisirme iglemi uygulamasi sonrasinda sebze 6r-
neklerinin toplam fenolik madde miktarinda azalma meydana
geldigi gozlenmistir. Turkmen vd. (2005) tarafindan yapilan
bir ¢calismada biber, kabak, yesil fasulye, bezelye, brokoli ve
pirasa Orneklerine haslama ve buharda pisirme yontemleri
uygulanmig olup biber ve yesil fasulye 6rneklerinde haglama
islemi sonrasi artig tespit edilirken bezelye, kabak, brokoli ve
pirasa orneklerinde azalma tespit edilmistir. Buharda pisirme
yonteminde ise yesil fasulye ve brokoli drneklerinde artis
gozlenirken kabak, bezelye ve pirasa drneklerinde azalma ol-
dugu saptanmistir. Fenolik madde miktarinda azalma 1sil is-
lem etkisi ile fenolik maddelerinin pargalanmasina ve fenolik
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madde miktarinda artis ise 1s1l iglem ile bagh formdaki feno-
lik maddelerin serbest hale gegmesi ile iligskilendirilmektedir.
Bu ¢alismada elde edilen sonuglar fenolik maddelerin en iyi
korundugu pisirme yonteminin SV yontemi oldugunu goster-
mistir. SV yonteminde diger pisirme yontemlerine gore daha
diisiik sicaklik (<100 °C) uygulanmaktadir.

Tablo 2. Toplam fenolik madde analiz sonuglar1 (mg/100g km).

Table 2. Results of total phenolic content analysis (mg/100 g dm)

Yontem Kabak Fasulye
Taze 762.71+£194.21*  369.34+11.40°
Haslama yontemi 618.07+10.64"  321.58+27.26°

Buharda pisirme yontemi  533.56+59.90°  327.99+21.39%®
Sous vide yontemi 668.32+71.15®°  356.27+22.64%

Ayni siitiindaki farkli harflerle gosterilen degerler arasinda Dun-
can ¢oklu karsilastirma test sonuglarina gore istatistiksel olarak
onemli fark vardir (p<0.05). km: kuru madde

Antioksidan Kapasite

DPPH radikal temizleme aktivitesi analizi sonuglar1 Tablo
3’de verilmigstir. Kabak 6rneklerinde haglama ve SV pigirme
yontemlerinin etkisinin istatistiksel olarak &nemli ve po-
zitif oldugu tespit edilirken (p<0.05) buharda pisirme yon-
teminin etkisinin istatistiksel olarak énemsiz oldugu tespit
edilmistir (p>0.05). Fasulye orneklerinde haglama ve SV pi-
sirme yontemlerinin etkisinin istatistiksel olarak 6nemli ve
negatif oldugu tespit edilirken (p<0.05) buharda pigirme yon-
teminin etkisinin istatistiksel olarak 6nemsiz oldugu tespit
edilmistir (p>0.05).

FRAP analiz sonuglar1 Tablo 4’de verilmistir. Kabak 6rnek-
lerinde haglama ve SV pisirme yontemlerinin etkisinin ista-
tistiksel olarak onemli ve pozitif oldugu tespit edilirken
(p<0.05) buharda pisirme yOnteminin etkisinin istatistiksel
olarak dnemsiz oldugu tespit edilmistir (p>0.05). Fasulye or-
neklerinde {i¢ yonteminin de istatistiksel olarak 6nemli ve ne-
gatif bir etkisinin oldugu tespit edilmistir (p<0.05).

Bu caligmada pisirme iglemleri sonrasi kabak drneklerinin
antioksidan kapasitesinde ¢ogunlukla artis gozlenirken fa-
sulye Orneklerinin antioksidan kapasitesinde g¢ogunlukla
azalma gozlenmistir. Pisirme yontemlerinin sebzelerin anti-
oksidan kapasitesine etkisini inceleyen c¢alismalarin bir bo-
limde antioksidan kapasitede artig bir boliimiinde ise azalma
oldugu rapor edilmistir. Turkmen vd. (2005) tarafindan yapi-
lan bir ¢calismada haslama ve buharda pisirme islemleri son-
ras1 biber, kabak, yesil fasulye, brokoli ve 1spanak 6rnekle-
rinde DPPH radikal temizleme aktivitesinde artis ve bezelye
orneginde ise azalma meydana geldigi rapor edilmistir. Anti-
oksidan aktivitedeki artis sebzelerde bagli formdaki antioksi-
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dan maddelerin 1s1 etkisi ile serbest forma ge¢mesiyle iligki-
lendirilmistir. Is1 etkisiyle meydana gelen nem kaybinin da
bu artista etkisi olabilecegi ifade edilmistir (Lafarga vd.,
2018b). Antioksidan aktivitedeki azalma sebzelerdeki antiok-
sidan 6zellik gosteren maddelerin 1s1 etkisi ile par¢alanmasi
ile iliskilendirilmektedir.

Tablo 3. DPPH analiz sonuglar1 (umol/100g km)
Table 3. Results of DPPH analysis (umol/100g dm)

Yontem Kabak Fasulye

524.51+116.32°
1115.30+179.75°

915.20+£123.542
613.92+54.23°

Taze

Haglama yontemi
Buharda pisirme yontemi  368.53+58.27° 822.17+116.112
Sous vide yontemi 893.36+219.71*  450.63+40.17°

Ayni siitiindaki farkli harflerle gosterilen degerler arasinda Dun-
can ¢oklu karsilastirma test sonuglarina gore istatistiksel olarak
onemli fark vardir (p<0.05). km: kuru madde

Tablo 4. FRAP analiz sonuglar1 (umol/100g km)
Table 4. Results of FRAP analysis (umol/100g dm)

Yontem Kabak Fasulye

417.79+127.02° 1117.40+£107.812
1223.07+139.56* 745.46+71.85°
Buharda pisirme yontemi  648.30+75.85>  783.09+133.15°
Sous vide yontemi 952.644215.55* 688.02+117.15°

Taze
Haslama yontemi

Aynut siitiindaki farkli harflerle gosterilen degerler arasinda Dun-
can c¢oklu karsilastirma test sonuglarina gore istatistiksel olarak
6nemli fark vardir (p<0.05). km: kuru madde

Pisirme iglemlerinin sebzelerin antioksidan kapasitesi iizerine
etkisi inceleyen ¢alismalarda alinan farkli sonuglar sebze ¢e-
sidi, pigirme yontemi kosullar1 ve antioksidan madde ekstrak-
siyon kosullarinin farkli olmasi ile agiklanabilir. Sebze cesi-
dine gore pisirme siiresi degismektedir. Pisirme siiresi art-
tik¢a 1sidan etkilen bilesiklerin kaybi artmaktadir. Antioksi-
dan maddelerin ¢oziiniirliik 6zellikleri farklidir. Kullanilan
¢oziicii cesidine gore antioksidan madde ekstraksiyon verimi
degismektedir. Ekstraksiyon verimine bagli olarak antioksi-
dan aktivite degeri degisebilmektedir.

Bu ¢aligmada pisirme islemi sonrasi kabak drneklerinde anti-
oksidan aktivitede artis gozlenirken fasulye oOrneklerinde
azalma gozlenmistir. Fasulye Orneklerine uygulanan islem
siiresi (20-60 dakika) kabak drneklerine uygulanan islem sii-
resinden (15-45 dakika) daha uzundur. Islem siiresi arttikga
1s1 etkisiyle parcalanan antioksidan madde miktar1 artmis ola-
bilir.

SV pisirme yontemi geleneksel yontemlerle kiyaslandiginda
kabak 6rneginde buharda pisirme yontemine gore daha iistiin
bir yontem oldugu ve fasulye 6rnegi i¢in yontemler arasinda
onemli bir farklilik bulunmadig1 yorumu yapilabilir.

Sonuc¢

Pisirme sonrasi sebzelerin parlaklik degerinde azalma ve kir-
mizilik-yesillik degerinde artis gézlenmistir. Toplam fenolik
madde miktarinda ve antioksidan aktivitede cogunlukla
azalma meydana geldigi belirlenmistir. Toplam fenolik
madde miktarinda en az kaybin SV yonteminde oldugu belir-
lenmistir. Kabak o6rneklerinde haslama yonteminde ve fa-
sulye orneklerinde buharda pisirme yonteminde antioksidan
kapasitenin diger yontemlere kiyasla yiliksek oldugu tespit
edilmistir. Tiim analiz sonuglar1 birlikte degerlendirildiginde
kabak i¢in SV yontemi ve yesil fasulye i¢in buharda pisirme
yontemi 6nerilebilir. Saglikli pisirme yontemlerinin gelistiril-
mesi sebzelerin igerdigi saglik lizerine olumlu etkileri bulu-
nan bilesenlerden azami dl¢iide faydalanmay1 saglayacaktir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gercek, potansiyel veya al-
gilanan ¢ikar ¢atigsmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.

Finansal destek: Bu calisma GUBAP 2907: Lisansiistii Ogrenci
Destek Programui tarafindan desteklenmistir (Proje No:
20E3107.07.01).

Tesekkiir: -

Ac¢iklama: Bu yayin “Sous vide yonteminin kabak ve yesil fasul-
yenin antioksidan kapasitesine etkisinin belirlenmesi” baglikli yiik-
sek lisans tezinden hazirlanmistir.

Kaynaklar

Baltah, B., Akoglan Kozak, M. (2017). “Sous-Vide” Tek-
niginin Pigirme Siireci Kapsaminda Degerlendirilmesi Evalu-
ation of “Sous-Vide” Technique in the Scope of Cooking Pro-
cess. Aydin Gastronomy, 5(1), 13-33.

Cosansu, S., Kiymetli, O. (2016). Sous Vide Pisirme Yon-
teminin Sebzelerin Besin Degerleri Uzerine Etkisi. Turkish
Journal of Agriculture - Food Science and Technology, 4(11),
919.

https://doi.org/10.24925/turjaf.v4i11.919-925.727

41


https://doi.org/10.24925/turjaf.v4i11.919-925.727

42

Research Article

Food Health 9(1), 37-42 (2023) e https://doi.org/10.3153/FH23004

Danesi, F., Bordoni, A. (2008). Effect of home freezing and
italian style of cooking on antioxidant activity of edible ve-
getables. Journal of Food Science, 73(6).
https://doi.org/10.1111/].1750-3841.2008.00826.x

dos Reis, L.C.R., de Oliveira, V.R., Hagen, M.E.K., Jab-
lonski, A., FlOres, S.H., de Oliveira Rios, A. (2015). Caro-
tenoids, flavonoids, chlorophylls, phenolic compounds and
antioxidant activity in fresh and cooked broccoli (Brassica
oleracea var. Avenger) and cauliflower (Brassica oleracea
var. Alphina F1). LWT, 63(1), 177-183.
https://doi.org/10.1016/j.1wt.2015.03.089

Ferracane, R., Pellegrini, N., Visconti, A., Graziani, G.,
Chiavaro, E., Miglio, C., Fogliano, V. (2008). Effects of dif-
ferent cooking methods on antioxidant profile, antioxidant
capacity, and physical characteristics of artichoke. Journal of
Agricultural and Food Chemistry, 56(18), 8601-8608.
https://doi.org/10.1021/f800408w

Guillén, S., Mir-Bel, J., Oria, R., Salvador, M. L. (2017).
Influence of cooking conditions on organoleptic and health-
related properties of artichokes, green beans, broccoli and
carrots. Food Chemistry, 217, 209-216.
https://doi.org/10.1016/j.foodchem.2016.08.067

Jiménez-Monreal, A.M., Garcia-Diz, L., Martinez-Tomé,
M., Mariscal, M., Murcia, M.A. (2009). Influence of coo-
king methods on antioxidant activity of vegetables. Journal
of Food Science, 74(3).
https://doi.org/10.1111/5.1750-3841.2009.01091.x

Kaur, C., Kapoor, H.C. (2001). Review Antioxidants in
fruits and vegetables + the millennium’s health. International
Journal of Food Science and Technology, 36, 703-725.

Lafarga, T., Bobo, G., Viias, 1., Zudaire, L., Simé, J.,
Aguil6-Aguayo, 1. (2018). Steaming and sous-vide: Effects
on antioxidant activity, vitamin C, and total phenolic content
of Brassica vegetables. International Journal of Gastronomy
and Food Science, 13, 134-139.
https://doi.org/10.1016/1.11¢fs.2018.05.007

Lafarga, T., Viiias, 1., Bobo, G., Simé, J., Aguilé-Aguayo,
I. (2018b). Effect of steaming and sous vide processing on
the total phenolic content, vitamin C and antioxidant potential
of the genus Brassica. Innovative Food Science and Emer-
ging Technologies, 47, 412-420.
https://doi.org/10.1016/;.ifset.2018.04.008

Miglio, C., Chiavaro, E., Visconti, A., Fogliano, V., Pel-
legrini, N. (2008). Effects of different cooking methods on
nutritional and physicochemical characteristics of selected
vegetables. Journal of Agricultural and Food Chemistry,
56(1), 139-147.

https://doi.org/10.1021/f072304b

Turkmen, N., Sari, F., Velioglu, Y.S. (2005). The effect of
cooking methods on total phenolics and antioxidant activity
of selected green vegetables. Food Chemistry, 93(4), 713-
718.

https://doi.org/10.1016/j.foodchem.2004.12.038

Wachtel-Galor, S., Wong, K.W., Benzie, I.F.F. (2008). The
effect of cooking on Brassica vegetables. Food Chemistry,
110(3), 706-710.
https://doi.org/10.1016/j.foodchem.2008.02.056



https://doi.org/10.1111/j.1750-3841.2008.00826.x
https://doi.org/10.1016/j.lwt.2015.03.089
https://doi.org/10.1021/jf800408w
https://doi.org/10.1016/j.foodchem.2016.08.067
https://doi.org/10.1111/j.1750-3841.2009.01091.x
https://doi.org/10.1016/j.ijgfs.2018.05.007
https://doi.org/10.1016/j.ifset.2018.04.008
https://doi.org/10.1021/jf072304b
https://doi.org/10.1016/j.foodchem.2004.12.038
https://doi.org/10.1016/j.foodchem.2008.02.056

FOOD

HEALTH

Food Health 9(1), 43-60 (2023) e https://doi.org/10.3153/FH23005

Protei nCarbohydrateE

Vegetables =
53 and
S15) 0
50T hs HEALTH
NS no
B3 3 E-ISSN 2602-2834
o8 mO

DieteticMi

o
(]
A Sensory of=:

MeatOm ega'smscl?pplemem

Research Article

The application of blends of bambaranut and millet vegetable
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ABSTRACT

This study aimed to produce plant-based yoghurt analogues from the blends of Bambaranut and
millet milk. Yoghurt samples were produced from blends of Bambaranut milk and millet milk
using Streptococcus thermophillus and Lactobacillus bulgaricus as starter cultures. Yoghurt sam-
ples were subjected to chemical, microbiological and organoleptic assessment. The results of the
chemical analysis revealed moisture, protein, ash, fat, fibre, carbohydrates and energy contents
ranged from 87.61-78.26%, 6.85-3.68%, 0.76-0.59%, 2.70-1.81%, 0.34-0.26%,12.88- 5.60 and
92.94-57.50% respectively Total solids of between 12.39 and 21.74% were obtained with titratable
acidity of 0.21, 0.65, 0.21, 0.23, 0.23, 0.25, 0.30 and 0.90%, respectively. The syneresis of the
samples ranged from 40.28 to 18.90% while all the samples showed fairly acidic levels. A viscosity
of between 250 and 784cp was obtained. The microbiological examination revealed an acceptable
level for all the samples. There were observable significant differences in terms of overall accept-
ability, taste, and flavour between cow milk yoghurt and the yoghurt analogues.

Keywords: Vegetable milk, Plant-based, Yoghurt analogues, Sustainable diets
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Introduction

One of the largest problems facing the world food system in
the twenty-first century is meeting the need for protein while
maintaining environmental standards. Food systems today
are responsible for nearly a quarter of all anthropogenic
greenhouse gas (GHG) emissions, as well as deforestation,
biodiversity loss, freshwater consumption, and water pollu-
tion. They are also ineffective in appropriately feeding peo-
ple, resulting in a rise in food safety and health issues. Mal-
nutrition affects around a third of the world's population in
various ways (hunger, obesity, and micronutrient deficien-
cies) (Ro0s et al., 2018; Elechi et al., 2022). Diet-related haz-
ards are now the world's third biggest cause of mortality, and
malnutrition is the major cause of lost years of healthy life
(Elechi et al., 2022, GBD, 2020). According to Froggatt and
Wellesley (2019), meat and dairy production is a major con-
tributor to environmental change and the depletion of natural
resources as the livestock industry is responsible for an esti-
mated 40% of the world's arable land, 36% of crop calories
produced, 29% of agricultural freshwater (Mottet et al.,
2017), and 14.5% of all human greenhouse gas (GHG) emis-
sions. (Gerber et al, 2013). Individuals who consume too
much meat or dairy are more likely to be overweight, obese,
and develop non-communicable illnesses connected to their
diets, such as cardiovascular disease, type 2 diabetes, and cer-
tain cancers (Popkin et al., 2012; Rouhani et al., 2014; Bou-
vard et al., 2015). Additionally, the UN has identified im-
proper animal antibiotic usage as a major contributor to the
rise in antimicrobial resistance (Van Boeckel et al., 2017),
while the expansion of livestock production raises significant
concerns about animal welfare (Mason and Lang, 2017).

Dairy products continue to be important and main agricultural
products, with global milk production expected to reach 861
Mt in 2020 and expand at a rate of 1.7% per year to 1020 Mt
by 2030 (FAO. 2022). Particularly dairy products have long
played a significant and durable role in the diet of the general
public, where they are ingested for a variety of reasons, in-
cluding enjoyment, dietary demands, and special health ad-
vantages, including probiotic ingestion. These dairy products
range from kefir to yoghurt and other fermented meals to
cheese (Tamang et al., 2016; Pua et al., 2022). Consumers are
starting to actively look for alternatives to conventional bo-
vine dairy products despite their current popularity because
of their possible long-term detrimental effects on human
health and the environment as well as other ethical concerns
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(Mendly-Zambo et al., 2021) which violates sustainable diet
principles. A sustainable diet is seen as one that has a minimal
environmental effect and contributes to food and nutrition se-
curity as well as a healthy life for current and future genera-
tions (FAO and Bl 2010). Sustainable diets are culturally ac-
ceptable, accessible, economically fair, and inexpensive, as
well as nutritionally adequate, safe, and healthy, while also
maximising natural and human resources. As a result, green-
house gas emissions and land usage are the most often em-
ployed measures to assess diet sustainability (Jones et al.,
2016). Therefore, there is growing agreement in the scien-
tific, environmental, and public health sectors that a funda-
mental change in eating habits away from excessive meat and
dairy consumption is required immediately to address the un-
sustainable nature of the livestock industry (Froggatt and
Wellesley 2019). As a result, there is now more interest in
plant-based dairy alternatives, which are thought to have ad-
vantages over conventional dairy products.

Due to their additional health advantages, plant-based dairy
alternatives are of great interest, and their use and market
share have been expanding (Cichonska and Ziarno, 2022). By
2028, the market for plant-based dairy products is projected
to grow at a CAGR of 12.5% and total USD 52.58 billion
(Grand View, 2022). Vegan-friendly labels (depending on
additives) (Mendly-Zambo et al., 2021; Yadav et al., 2017,
Rosello-Soto et al., 2019); "free-from" properties (Hartmann
et al., 2018) for lactose, cholesterol, and dairy allergens like
casein; reductions in consumer concerns about hormone and
antibiotic residues; typically high content in vitamins, miner-
als, other bioactives, phytochemicals, and added functionali-
ties, such as dietary fibre or pre-/probiotic activity (Cichon-
ska and Ziarno, 2022; Rosello-Soto ef al., 2019) are some of
the attractive features of plant-based dairy alternatives com-
pared to conventional dairy products. Plant-based milk alter-
natives are liquids made from the breakdown (crushing) of
water-extracted plant material (cereals, pseudo-cereals, leg-
umes, oilseeds, nuts), and homogenization of these liquids
produces a particle size distribution in the range of 5-20 um,
which resembles cow's milk in appearance and consistency
(Sethi et al., 2016). In terms of nutritional content, plant-
based milk differs from one another. As a result, mixing two
or more types of plant-based milk to produce a product with
a high nutritional content equivalent to cow's milk is a crucial
processing step (Sethi ef al., 2016). Recent research has es-
tablished the critical role of these plant-based beverages in
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enhancing or managing the immune system, reducing the risk
of cardiovascular and gastrointestinal diseases with improved
physiological functions, reducing the risk of low bone mass,
and very high levels of antioxidants with free radical scav-
enging properties (Paul ef al., 2019). Furthermore, the addi-
tion of some beneficial and nutritionally significant compo-
nents increases the product's quality, primarily by improving
protein quality, mineral bioavailability, and the availability of
a few key elements (Akin and Ozcan, 2017).

Yoghurt is arguably the most popular and diverse fermented
dairy analogue. Yogurt is manufactured by fermenting milk
with lactic acid bacteria - St. thermophilus and L. bulgaricus,
which are responsible for the characteristic yoghurt flavour.
Set, stirred, drinkable, flavoured-the seemingly endless vari-
ations of yoghurt products with different fat levels (normal,
low-fat, and fat-free) on the market belie the humble makeup
of its microbiota (Kayanush et al,, 2017). Lactose is con-
verted during the fermentation process into lactic acid, which
gives yoghurt its distinct tangy flavour and causes the acid
gelation of casein, a significant milk protein (Pua et al.,
2022). This creates the cohesive gel that gives dairy yoghurts
their distinctive hard, thick texture (Boeck et al., 2021; Ar-
yana and Olson, 2017). The creation of a stable, pleasant, and
dairy-like yoghurt alternative has significant challenges due
to the absence of casein in plant matrices and dairy-incom-
patible natural plant flavours (Boeck et al., 2021; Hickisch et
al., 2016; Lopusiewicz et al., 2020). The addition of a fer-
mentation process could enhance the organoleptic properties
of such plant-based products and create a clean-label fer-
mented dairy analogue with sufficient consumer acceptabil-
ity, as many plant-based matrices struggle to achieve a natural
dairy-like profile without the extensive use of processing aids
and flavourings (Pua et al., 2022). The majority of commer-
cially available fermented plant-based yoghurt substitutes are
created from nuts, drupes, and seeds (cashew, almond, and
coconut). None has been used from the blend of bambaranut
and millet.

The Bambaranut (Vigna subterraenea (L.) verdc) is a legume
with an African origin. It is the third most significant legume,
but it is also one of the most neglected (Murevanhema & Jide-
ani, 2013). It has been dubbed a "whole food" because of its
high nutritional value. In comparison to fresh whole milk,
which contains 88% moisture, 4.8% carbohydrates, 3.2%
proteins, 3.4% fat, 0.7% ash, and 0.01% cholesterol, its seeds
contain 49-63.5% carbohydrates, 15-25% protein, 4.5-7.4%
fat, 5.2-6.4% dietary fibre, 3.2-4.4% ash and 2% minerals. Its

chemical makeup is similar to that of soybeans. Furthermore,
due to its nutritional content, functional characteristics, anti-
oxidant potential, and drought-resistant cultivation, BGN has
been identified as a promising crop. The acceptability of
Bambaranut milk was reported to be higher than that of milk
derived from other legumes such as soybeans and cowpeas
(Murevanhema & Jideani, 2013). Bambaranut milk has a
strong enough nutritional profile to support probiotic devel-
opment. As a result, Bambaranut milk may be fermented with
lactic acid bacteria to generate a probiotic drink that not only
boosts the nutritional content of the bean but also aids in ad-
dressing malnutrition (Murevanhema & Jideani, 2013).

Millions of the poorest people in the places where millet is
produced rely on it for energy, protein, vitamins, and miner-
als. Millet, like sorghum, has 9-13 percent protein on average,
however there have been considerable fluctuations in protein
content ranging from 6 to 21%. Millet is a popular weaning
food since it is one of the least allergic and easily digested
grains. It is good for making non-sticky gruel and porridge
because it has less water-extractable dietary fibre than wheat
and oats.

Diversified dairy products are in short supply in the dairy in-
dustries, but demand for them is growing. Although it has
been demonstrated that livestock produces around 14.5% of
all human-induced greenhouse gas (GHG) emissions, both
developing and developed countries continue to consume
large amounts of energy-rich meals, which include meat,
milk, and other dairy products (Weinrich, 2019). By 2050, it
is predicted that 9 billion people will be eating plant-based
protein, which has the potential to not only significantly
lessen the severely negative environmental effects of meat
consumption but also provide a source of good and nutritious
meals for those individuals (Chaudhary & Tremorin, 2020;
Monnet et al., 2019; Willett et al., 2019). Few legumes and
oilseeds have been widely used in this area to produce non-
dairy, healthy, affordable plant-based milk alternatives (Sethi
et al., 2016). Soy is the most popular plant-based ingredient
for yoghurt (Yang et al., 2021) with other plant components
like coconut and almonds gaining popularity (Gupta et al.,
2022). Novel ingredients, such as lupins (Hickisch et al.,
2016), African Yam Bean (Amakoromo et al., 2012); oats
(Briickner-Giihmann et al., 2019), sesame seed (Ibrahim,
2013), peas (Ben-Harb et al., 2018), Baobab (Eke et al.,
2013), quinoa (Lorusso et al., 2018), Bambara Groundnut
(Eke et al., 2012) and flaxseed (Mousavi et al., 2019) are also
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being assessed. Yoghurt can also be made by making blends
from different sources as reported by Olakunle (2012) for soy
milk and corn milk and Kolapo and Olubamiwa (2012) for
coconut milk and soy milk. Lower protein concentrations and
variable gelation characteristics of these proteins compared
to casein might be the cause of the various textural qualities
of commercial plant-based yoghurts, necessitating the use of
gelling agents (Gupta et al., 2022). This study aimed to un-
dertake product development and quality assessment of yo-
ghurt analogues made using Bambaranut and millet milk
blends, with implications for nutrient-dense yoghurt product
diversification and commercial potential.

Materials and Methods
Source of Material and Preliminary Treatments

About 2.0 kg each of Bambaranut and Millet was purchased
from a small market in the Lafia metropolitan region of
Nassrawa state, Nigeria. Whole milk powder (Peak), sucrose
(Golden Penny brand), and commercially available yoghurt
starter cultures (Streptococcus thermophilillus and Lactoba-
cillus bulgaricus) were acquired at a local shop in Makurdi,
Benue state, Nigeria. Tito, a local and prominent dairy yo-
ghurt manufacturer in Nigeria's north-central area, provided
the cow's milk yoghurt utilised as a reference sample in this
study. The majority of the chemicals and equipment used for
sample preparation (NaHCO3) and analysis are analytical
grade and were bought from a local Nigerian chemical store
and the Department of Food Science and Technology, Uni-
versity of Agriculture, Makurdi-Nigeria. After hand sorting
and screening, stones, dirt, and faulty seeds that can affect the
beverage's taste and shelf life were removed. Each 5Slitre plas-
tic bucket was filled with clean Bambaranut and millets. All
components are kept in a household refrigerator and em-
ployed in product development within seven days.

Preparation of Bambaranut Milk

With minor adjustments, Bambaranut milk was made accord-
ing to the technique of Eke et al. (2012) as shown in figure 1.
One kilogramme of bambaranut was divided into three kilo-
grammes, i.e. (1:3) warm drinking water with 50 g of sodium
bicarbonate, steeped for 18 hours overnight. The Bambara-
nuts were then drained, washed three times with drinking wa-
ter, and blanched for 25 minutes in boiling water with baking
soda (0.5 percent NaHCO3) to kill the lipoxygenase enzyme.
The blanched seeds are rinsed, skinned, and crushed into a
paste in the blender (model: Qlink; QBL-15L40) for seven
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minutes with a little warm water. The paste was prepared up
to a 1:3 weight-to-volume ratio. The resultant slurry was fil-
tered and pressed through a double-layered muslin cloth, and
the resulting extract (milk) was heated in a pot at 95-100°C
for 15 minutes with constant stirring. After heating, the bam-
baranut milk was then manually homogenised with a glass
rod and sieved again. It was then cooled to room temperature
of 22°C, kept in a domestic refrigerator at 5°C, and utilised
for product formulation within 24 hours.

Preparation of Millet Milk

As described, the Amal ef al., (2012) method was adopted
and adapted for millet milk manufacturing as shown in figure
1. By soaking and removing the seeds floating on top of one
kilogramme of millet, it was cleaned and sorted. The excel-
lent seeds were collected and drained in a plastic basket. After
that, the good seeds were steeped for 8 hours. The soaked
seeds were drained and crushed in a blender (model: Qlink;
QBL-15L40). To extract the milk, the slurry is pressed using
cheesecloth. The extract was pasteurised for 5 minutes at 95-
100°C. It was homogenised, sieved again, and cooled to room
temperature of 22°C before being kept in a household refrig-
erator at 5°C and utilised within 24 hours for product devel-
opment.

Cow Milk Yogurt

The plain cow's milk yoghurt utilised in this study came from
a manufacturer in Benue State, Nigeria. Ramtito Diary pro-
duces Tito yoghurt, which comprises a 2% yoghurt starter
made from S. thermophilus and L. delbrueckiisubsp bulgari-
cus. The product was chosen as a research reference because
it is a popular, affordable, and widely accessible cow's milk-
based yoghurt formulation in Benue state and its environs.

Food Products Formulation

Five different food formulations are made by blending the
Bambaranut milk (BM) produced with the Millet milk (MM)
to obtain various yoghurt analogues as shown in table 1. The
resulting blends are homogenized and pasteurized at 72°C for
5 min in a water bath and cooled immediately to room tem-
perature (28 £2°C). These were then packaged in 500mL
plastic bottles with air-tight lids as shown in figure 3, and
stored in a household refrigerator from where samples are
taken for different yoghurt analogues analiysis.
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Figure 1. Preparation of bambaranut and millet plant based milk
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Figure 2. Flow chart for the production of bamaranut — Millet yoghurt analogues
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347 = 100% bambara nut without cow milk.
411 = 100% bambara nut with cow milk.
459 = 90% bambara:10% millet.

505 = 80% bambara : 20% millet.

619 = 70% bambara:30% millet

677 = 50% bambara:50%millet.

702= commercial yoghurt cow milk yoghurt

Figure 3. Display of youghurt samples

Preparation of Yoghurt Samples

Y oghurt analogues were made from the food formulations as
shown in Figure 2. Five hundred millilitres of prepared milk
containing various proportions of Bambaranut and Millet
milk were each enriched with 6% sucrose, 5% banana fla-
vouring, and 4% premium whole milk powder and thor-
oughly blended in a blender. The resulting mixture was ster-
ilised in an autoclave for 15 minutes at 121°C. The sterilised
milk was chilled to roughly 40-45°C using a fan. A sterile
spoon was used to add 1% of the mixed starter culture (Strep-
tococcus thermophilus and Lactobacillus bulgaricus), which
was then incubated at 40°C for 12 hours. At the completion
of the incubation, the mixture was placed in the refrigerator
for 3 hours to cease fermentation. The resultant yoghurt ana-
logues products were pasteurized and filled into clean PET
bottles, corked and stored from where samples are taken for
subsequent analyses.

Analyses
Proximate Composition Analysis of Samples

The ash, crude protein, crude fat, and moisture content of the
samples were determined by using standard methods of
AOAC (2012). Carbohydrate was determined by difference:

Carbohydrate = 100 — (% Moisture, Protein, Fibre, Fat, and Ash)

The caloric values of the samples will be determined by sum-
ming the multiplied values for crude protein, crude fat, and
carbohydrate by 4kcal, 9kcal, and 4kcal respectively.
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Physio-Chemical Analysis

Syneresis: To determine susceptibility to syneresis (STS),
the yoghurt sample (20 mL) was placed on a Whatman No 1
filter paper on top of a funnel and the yogurt was filtered un-
der vacuum for 10 min. The liquid that passed through the
filter paper was collected and recorded. The index of synere-
sis was calculated from the formula:

V1
STS (%) = V2 X 100

Vi1 = Volume of whey collected after drainage
V, = Volume of yoghurt sample

Viscosity: A Brookfield viscometer [Brookfield Model RVD
E230, USA] with spindle number 6 was used to measure the
apparent viscosity at 50 rpm at 25°C.

pH: The pH was determined by the method described by
AOAC, (2012) using pH meter. About 2.0 mL of the sample
was homogenized in 20 mL of de-ionized water in a beaker.
The pH meter (Hanna HI-98128) was standardized using a
buffer solution of pH 4.01 and 9.20. The electrode was rinsed
with de-ionized water and dipped into the homogenate allow-
ing sufficient time for stabilization before taking the reading.

Total Titratable Acidity (TTA): Ten grams of sample is dis-
solved in 100mL distilled water contained in a beaker. Then
10mL aliquots are titrated against 0.1M NaOH in the pres-
ence of phenolphthalein indicator to a clear endpoint. Titrat-
able acidity is then calculated as given below

Lactic Acid (%) = ml NaOH % 0.9
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Table 1: Recipe Used in Preparing Yoghurt Analogue

Ingredients Quantity
Bambaranut/Millet Milk 300 mL
Sucrose 18¢g
Flavorant (Banana Flavour) 15 mL
Powdered Cow Milk 12 mL
Starter Culture 3g

Table 2: Blend Formulation (%)

Samples Bambaranut Milk Millet Milk
A 100 -

B* 100 -

Cc* 90 10

D* 80 20

E* 70 30

F* 50 50

R Commercial cow milk Yoghurt

* Inclusive of 4% (w/v) of powdered cow milk

Total Solids: The yoghurt slurry contains some solid parti-
cles that tend to separate on standing based on their density.
Three gram of the yogurt was weighed in a round-bottomed
metal dish with its weight noted. The dish with the sample
was placed in a boiling water bath for 30 min. The dish with
the sample was placed in an oven at 100°C for 2.5 hrs. The
dish is cooled in a desiccator for 30 min and weighed. The
total solids are calculated as shown:

%TS = 100 — % Moisture content
Microbiological Analyses

The total viable count of the yoghurt analogues was deter-
mined using the pour plate technique. (0.1 mL) of the appro-
priate dilution was placed on nutrient agar plates. The plates
were incubated at 35°C for 48 h and colony-forming units per
g sample (cfu/g) were estimated. For mold and yeast count;
the above procedure was repeated using potato dextrose agar
and incubation was done at 25°C for 72 h.

Consumer Acceptability Test

The manufactured yoghurt samples were delivered to 35-
member untrained consumers made up of personnel and stu-
dents from the University of Agriculture, Makurdi, Benue
State, who are experienced with yoghurt consumption. On a
nine-point hedonic scale, samples were scored for colour/ap-
pearance, flavour/aroma, viscosity/consistency, taste/mouth-
feel, sourness, and overall acceptability, with 9 indicating ex-
treme acceptance and 1 indicating severe dissatisfaction as
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shown in the table below. To unify the conditions of the eval-
uation, all samples were prepared in disposable plastic cups
coded with a three-digit number, evaluated by each panelist
in a monadic order, following a balanced-incomplete box de-
sign (Stone et al., 2020). The samples were served in three
sessions consisting of 3—4 samples for each round and served
in random order to each panelist. The samples' identities were
kept hidden. During the test, the panelists were asked to pause
between the sample and cleanse their palates with prepared
tap water at room temperature (Samakradhamrongthai et al.,
2021). The evaluation was performed in individual booths
under white light at the Sensory Evaluation and Consumer
Testing Unit (Department of Food Science and Technology,
College of Food Technology and Human Ecology, University
of Agriculture, Makurdi, Nigeria).

9-Point Hedonic Scale
Dislike Extremely 1.0
Dislike Very Much 2.0
Dislike Moderately 3.0
Dislike Slightly 4.0
Neither Like nor Dislike 5.0
Like Slightly 6.0
Like Moderately 7.0
Like Very Much 8.0
Like Extremely 9.0
Statistical Analysis

Data were subjected to analysis of variance (ANOVA) by us-
ing SPSS Statistics for Windows,

Version 23.0 (IBM SPSS Statistics for Windows, Version
23.0. Armonk, NY: IBM Corp). Where the ANOVA test in-
dicated significant differences and treatment means were sep-
arated using Duncan’s multiple range test at a 5% probability
level.

Results and Discussion

As shown in table 3, the moisture content of 87.61% ob-
tained for sample A (100% BM with no cow milk) is higher
than other samples (83.99% for 100% BM with 4% cow milk,
83.19% for 90:10, 82.63% for 80:20, 81.84% for 70:30 and
78.26% for 50:50). This might be because millet starch in
form of milk slurry thickened Bambaranut yoghurt
(Olakunle, 2012). All of the samples showed a progressive
decline in protein content with a significant difference. The
augmenting effect of milk powder might explain the greater
protein content of the yoghurt samples compared to sample
A. The steady loss of protein with increased millet supple-
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mentation might be owing to the dilution impact of millet pro-
tein on Bambaranut protein, which is richer in protein. How-
ever, it is worth noting that the Bambaranut-Millet Yogurt's
protein level is of good quality since it includes all of the es-
sential amino acids. It has been demonstrated that by supple-
menting grain proteins with legume proteins, protein quality
equivalent to or greater than that of animal origin may be pro-
duced. As a result, yoghurt analogues' protein compares fa-
vourably to the control (R) and is high in important amino
acids because careful grain and legume selection and combi-
nation results in an essential amino acid pattern that is equiv-
alent to or greater than the reference protein. Therefore, the
comparative levels of protein in the samples are nutritionally
significant in terms of the potential of these beverages to con-
tribute to the increased protein intake of consumers. The pro-
tein obtained for sample A agreed with the findings of Kale
et al. (2011) who reported protein content of date yoghurt was
in the range of 3.45% to 3.47% and Gupta et al., (2022) for
commercially available dairy and plant-based yogurts.

The values obtained for ash content of the yoghurt samples
had a range between 0.59-0.76% which is within the range of
market yoghurt sold in Nigeria as reported by Olugbuyiro and
Oseh (2011). There was a gradual increase (p<0.05) in the ash
contents of the samples. The rise in ash content detected in
the samples is attributable to the mineral levels generated by
the inclusion of millet. The percentage fat content changed
Sufficiently (p<0.05). The average fat content is 2.70 percent
for the highest and 1.81 percent for the lowest. Yoghurt with
a fat concentration of less than 0.5 percent is labelled as non-
fat yoghurt, while yoghurt with a fat content of 0.5-2.0 per-
cent before adding bulking ingredients is labelled as “low-fat
yoghurt” whereas yoghurt with a fat level greater than 3.25
percent is labelled as fat yoghurt according USDA (2001)
specifications. As a result, the samples' fat level was within
the range of low-fat yoghurt. Gupta et al., (2022) obtained
similar results for commercially available dairy and plant-
based yogurts. Samples C, D, E, F, and R had low-fat content,
which may contribute to a longer shelf life by minimising the
risk of rancidity. Higher fat levels found in samples A and B,
which might be attributable to the samples being made
wholly from Bambaranut-an oilseed, enhanced lipolytic en-
zyme activity that degraded fat to glycerol and fatty acids,
and the release of certain non-lipid ether extractable materials
generated by fermenting bacteria.

The fibre content of the yoghurt samples was measured in the
range of 0.26-0.34. The role of fibre in human nutrition has
been established, fibre containing food are known to stretch
the inner walls of the colon, allowing the transit of waste,
making them an efficient therapy for constipation; it lowers
blood cholesterol levels and reduces the risk of several forms

of cancer (Elinge ef al., 2012). As a result, the fibre content
of Bambaranut-millet yoghurt analogues renders them nutri-
tionally more important than the non-fibre reference sample
R. As millet was added to samples C, D, E, and F, the carbo-
hydrate content of these samples increased when compared
to sample A. When compared to the content of certain tradi-
tional sources, the samples could not be regarded a prospec-
tive carbohydrate source (Elinge et al., 2012). However, the
yoghurt samples' low carbohydrate and fat content, along
with their high fibre content, make them ideal for weight loss
and preventing cardiovascular disease. As a result, making
yoghurt analogues from grain blends can enhance the nutri-
tional quality of Africa's young population, boost farm gate
prices for small farmers, and encourage the cultivation of
more grains and legumes in the Global South that can be uti-
lised as yoghurt inputs (Shimelis, 2019).

The result of the physiochemical properties of the various yo-
ghurt samples is presented in Table 4. Milk's nutritional and
economic value is directly proportional to its soluble solids
concentration. The higher the soluble solids concentration,
the higher the nutritious value and the more milk products
may be produced. Higher levels of suspended particles
caused by particles in bambaranut-millet milk than in bam-
baranut milk might explain the higher solid values obtained
for samples B, C, D, E, and F. The result of this study is in
agreement with that of Olakunle (2012), however, the higher
value recorded here could be attributed to the effect of pow-
dered milk addition and processing method. All of the de-
signed yoghurt samples had a total solid content that was
comparable to commercial yoghurt with samples D, E, and F
being higher. These results are in agreement with Eke et al.
(2013) who observed that the total solid of yoghurt-like prod-
uct produced from baobab fruit pulp emulsion and powdered
milk ranged from 9.24 to 16.58. In another study by [20], the
probiotic yogurt from soymilk was shown to be comparable
to the standard cow milk yoghurt in terms of physico-chemi-
cal attributes.

The pH values in all samples reduced significantly (P <0.05),
according to statistical analysis. The greatest average pH was
4.64% in Sample A, while the lowest average pH was 3.85%
in Sample F. The Bambaranut-millet yoghurts, except for A
and R, were more acidic, with a mean pH range of 4.01-
3.85%. Because A (4.63) does contain powdered milk, the pH
difference between it and other samples might be attributed
to the composition and production process and the acidifying
action of lactic acid generated during fermentation. This sug-
gests that the rate of acid generation by the starter culture was
affected by the addition of millet milk. Despite this, accord-
ing to FDA standards for yoghurt pH (4.6 or below), the pH
findings for yoghurt are within specifications and within the
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range of yoghurt marketed in Nigeria (Olugbuyiro and Oseh,
2011). The result of this study compared favourably with that
of Kolapo and Olubamiwa (2012) Soy-coconut milk-based
yoghurt. Due to the predicted effects of poor storage condi-
tions, such as high temperatures in some tropical zones,
which might impact the acidity of yoghurt, the pH values of
the samples were adequately justified and appropriate for yo-
ghurt marketed in the tropics (Olugbuyiro and Oseh, 2011).
The findings regarding the pH of sample A are also in agree-
ment with the findings of Sengupta et al. (2013) who found
the average pH of whole soy-yoghurt was 4.5. The pH ob-
tained for bambaranut and bambaranut-millet yoghurt is sim-
ilar to values reported for soy and soy-corn yoghurt
(Olakunle, 2012) which range between 4.50 and 4.00. The
formation of lactic acid by Lactobacillus and other lactic acid
bacteria causes the variation in the rate of pH reduction dur-
ing yoghurt manufacture. Amakoromo et a/, (2012) reported
that the decrease in pH from 5.1 to 4.2 for African Yam Beans
yoghurt from whole seeds is a reflection of the souring activ-
ity of lactic acid produced during fermentation. In addition to
having a fatal and destructive impact on bacteria and inhibit-
ing bacterial multiplication, the formation of lactic acid fol-
lowing fermentation lowers pH, halting any further develop-
ment of pathogens and other hazardous microbes (Jayeola et
al., 2010). Also, each lactic acid starter culture has its own
lactose absorption properties and acidification capacities, the
pH of yoghurt varies. Furthermore, the addition of 4 percent
milk powder to the yoghurt matrix may have buffered the yo-
ghurt matrix, delaying the pH reduction in the samples. Also,
Proteins in milk powder are known to act as buffers in food
systems because of their ability to release or absorb free hy-
drogen atoms.

Statistical analysis revealed that during fermentation, titrata-
ble acidity increased considerably (P<0.05) in all samples
(Table 4). The acidity of milk rises with temperature, partially
due to changes in the buffering capacity of milk salts and car-
bon dioxide release during heating. The heat breakdown of
lactose into organic acids might be the cause of this rise in
acidity. Furthermore, overall acidity increased (p< 0.05) as
the pH decreased (p<0.05) as a function of fermentation du-
ration. This may be attributed to the development of lactic
acid in the yoghurt (Sengupta et al., 2013). The starter culture
utilised and the composition of the premix used for fermenta-
tion influenced the development of acidity in the various yo-
ghurt analogues produced. The higher titratable acids ob-
tained for Samples D, E, and F (0.23, 0.25, and 0.34 percent,
respectively) compared to Sample A (0.21 percent) might be
due to the more acidic composition of the millet protein
(Olakunle, 2012). However as titratable acidity increased, the
pH decreased as a function of fermentation time. The capacity
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of the microbes to ferment the available carbohydrates deter-
mines how much acid is produced in the medium. Further-
more, the total acidity significantly increased (p <0.05) and
pH significantly decreased (p <0.05) which may be attributed
to the formation of lactic acid in the Yogurt (Sengupta ef al.,
2013). There was no significant difference (p>0.05) in the ti-
tratable acidity (TA) for most of the yoghurts prepared. This
could be attributed to the Millet and powdered milk being rich
protein sources, they exert some buffering action stabilizing
the acidity of yoghurt systems.

At 25 °C, the viscosity of experimental yoghurts ranged from
250 to 784 cP (Table 4) which compared favourably with that
of Zanhi and Jideani (2012). There was a constant pattern of
increased viscosity with increasing millet addition rate except
for Sample A, which had no milk powder or millet milk. This
related to the finding in Total Soluble Solids that TSS in-
creased as the rate of millet milk addition increased. Sengupta
et al (2013) reported that Soy Yogurt is non-Newtonian and
its viscosity is affected by the presence of solids in the sus-
pension of the fat phase. The higher the solids concentration
in the yoghurt mixture, the higher the viscosity and con-
sistency of the finished product. The consistency indices of
the non- cow's milk yoghurt formulations (Sample A) were
typically low (250 cp). Because cow's milk has a larger total
solids content than plant milk, increasing the cow's milk con-
tent should improve the consistency and viscosity of dairy
products (Kpodo et al, 2013). Yogurt manufacturers that
wanted to generate yoghurt with higher viscosities and better
consistency frequently added milk powder to the raw material
to boost total solids and produce yoghurt with greater con-
sistency and viscosity (Zanhi and Jideani, 2012). In compar-
ison to the commercial yoghurt R, the Bambaranut-millet yo-
ghurts analogues, fared better. Similar consistency and vis-
cosity were obtained by Gupta et al., (2022) for commercially
available dairy and plant-based yogurts.

The texture of yoghurts or fresh fermented goods is described
and measured by rheology, which includes terminology like
viscosity and gel hardness, as well as syneresis, which refers
to the yogurt's tendency to whey-off during storage. Syneresis
is a common quality problem in yoghurt production. The rhe-
ology and sensitivity to syneresis of fermented milk products
are important because they both have a significant influence
on customer perceptions of the finished product's quality. In-
deed, variations in yoghurt quality can result in a product with
a too thin watery or too thick gooey texture, as well as a prod-
uct with a high free whey content. Importantly, milk compo-
sition, processing techniques, and the inclusion of hydrocol-
loids all have an impact on yoghurt rheology and syneresis.
As aresult, syneresis percentages ranged from 40.28 to 18.90
percent. This is within the range reported by Oyeniyi ef al.
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(2014) for flavoured soy-yoghurt and Kale et al. (2011) for
date yoghurt. Chacko et al. (2010) reported an average of
52.6% syneresis in soy-yoghurt fortified with 1.104% cal-
cium sulphate. Therefore, in this study, the percentage syn-
ereses reported are considered satisfactory. The lower values
obtained in the current experiment is attributed to the use of
millet starch and full-cream powdered milk. Millet starch
used in this current study caused the free water molecules
within the yoghurt matrix to be better absorbed. Commercial
yoghurt (sample R) exhibited the lowest levels of syneresis,
whereas yoghurt sample A had the greatest amounts (18.90%
and 40.28%), respectively. Commercial yogurt's (Sample R)
low degree of syneresis may be related to the use of stabilisers
and standardised milk in its production compared to other yo-
ghurt counterparts. The microstructure of yogurt consists of
chains and clusters of casein molecules and the susceptibility
of syneresis is closely related to the space between casein
clusters. In yoghurt produced with the same amount of Bam-
baranut-millet milk (Sample F) syneresis was reduced. There-
fore, adding millet milk to the substrate bridged the gaps be-
tween casein clusters of Bambaranut-milk gel and reinforced
the gel network. Similar reduction of syneresis was reported
by Aydar et al, (2021) for plant-based yoghurt produced
from Jerusalem artichoke and almond milk.

Table 5 shows the microbial communities of the yoghurt sam-
ples. The completed product was microbiologically evaluated
for the survival of starting microbes as well as the presence
of undesirable spoiling and pathogenic organisms. For coli-
forms, there was no count. A maximum of 10.0 CFU/g coli-
forms is permitted in yoghurt, according to Turkish Standard
Institute (TSI330) and USDA (2001). Coliforms in yoghurt
are commonly thought to be a result of direct faecal contam-
ination. The lack of coliforms indicates that all samples were
free of faecal contamination; hence, the yoghurt samples' mi-
crobiological status corresponded to the accepted standard.
The quantity of aerobic mesophilic bacteria was minor, with
counts ranging from 6.62 to 6.20 log CFU/g, which is within
an acceptable yoghurt level. Yeast and mould were found in
modest amounts in all of the samples. Toxic metabolites (my-
cotoxin, e.g. aflatoxin) can be produced by yeast and moulds
at concentrations more than 10.0 CFU/g, which can cause
food poisoning and liver cancer in humans. The observed fun-
gal count might be attributed to microorganisms present in
the inoculums as a result of irresponsible handling during

manufacture and analysis. The USDA (2001) advised that the
amount of yeast and mould in yoghurt be limited to 50 per
gramme. Microbial requirements are regulated differently in
different countries (Eke and Elechi, 2020). TVC in the range
of 0-10° CFU/g, 10*-10° CFU/g, and >10° CFU/g is consid-
ered acceptable, slightly acceptable (tolerable), and unsatis-
factory by the ICMSF. Based on the microbiological stand-
ards used, this study's findings are deemed good.

Sensory quality evaluations of yoghurt products were con-

ducted to better understand the product qualities that influ-

ence customer preferences, allowing processors to alter prod-

uct attributes to appeal to specific target consumers and to

closely monitor product quality (Shimelis, 2019). The yo-

ghurts' observable sensory characteristics are listed in Table
6. The USDA (2001) specifies a firm, pudding-like con-
sistency with a smooth, uniform texture and a natural colour

range of light white to off-white with a smooth, velvety ap-

pearance for all samples of yoghurts. The panellists deemed

the appearance and consistency of all samples to be satisfac-

tory because the mean values of the samples differed insig-

nificantly. This is in agreement with Gupta et al., (2022) who

reported that sensory acceptability is affected by composi-

tional and quality factors, such as protein source, texture, fat,

sugar, or the form of the yogurt. Consumer liking, in general,

positively correlates with the viscosity and smoothness of the

product (Janiaski et al., 2016). The results revealed that the

flavour, taste, and sourness of the designed yoghurt samples

differed significantly (p<<0.05) from the control samples (i.e.

commercial yoghurt R). This might be because commercial

yoghurt has a lot of flavours and sweeteners. Overall ac-

ceptance of the formulated yoghurt samples was not substan-

tially different (p>0.05), while overall acceptance of the com-

mercial yoghurt was significantly greater (p<0.05) than that

of the formulated yoghurt samples. This is contrary to the pre-

vious research that showed that some plant-based alternatives

can be similarly liked to dairy yogurts in their mouthfeel

profile (Greis et al., 2020). For example, a recent study of
commercial plant-based yogurts (soy, coconut, cashew, al-

mond, and hemp) by Grasso et al., (2020) found that soy and

coconut yogurts were identical to dairy yogurts in terms of
sensory acceptability and texture.
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Table 3. Proximate Composition of Babaranut-Millet Yoghurt Analogues (%)

Parameter A B C D E F R

Moisture 87.61+0.222  83.99+0.03> 83.19+0.02>  82.63+0.03°¢  81.84+0.09¢ 78.26+0.16° 83.00+0.01b¢
Crude protein 3.68+0.06°  6.65+0.022 6.85+0.02? 6.65+0.04? 6.35+0.17° 5.67£0.03¢  6.65+0.01°
Ash 0.59+0.027  0.64+0.03¢ 0.66+0.014 0.68+0.01°¢ 0.70=+0.03° 0.76£0.03*  0.71+0.03°
Crude Fat 2.26+0.06°  2.70+0.102 2.56+0.03° 2.43+0.05¢ 2.33+0.05¢ 2.09+0.02f 1.81+0.02¢
Crude Fibre 0.26+0.01¢  0.26+0.01¢  0.27+0.00¢¢ 0.28+0.01% 0.29+0.01° 0.34+0.000 -

Carbohydrates 5.60+0.26¢ 5.87+0.05¢ 6.46+0.05% 7.3240.12¢¢ 8.49+0.12° 12.88+0.117  7.83+0.04
Calories (Kcal)  57.50+0.89"  73.48+0.24° 76.31+0.26¢  77.73+0.13°  80.29+0.30° 92.9440.25* 74.21+0.09°

Values are means of triplicate determinations. Mean values with same superscript in a row are not significantly different (p> 0.05) Mean values having
different superscript letter in a row are significantly different (p<0.05).

KEY:

A =100% Bambaranut milk (without Milk);

B = 100% Bambaranut milk (with Milk);

Bambaranut Milk: Millet Milk. C =90:10; D=280:20 E=70:30; F=50:50

R = Commercial Yoghurt

LSD = Least Significant Difference

Table 4. Physiochemical Properties of Babaranut-Millet Yoghurt Analogues (%)

Parameter A B C D E F R

PH 4.64+0.100  4.10£0.20*  4.06+0.06>  4.05+0.03>  4.01+0.61%*  3.85+0.09°  4.37+0.12%®
TTA 0.21+0.024 0.65+0.092 0.21+0.08¢ 0.23+0.02¢ 0.25+0.06¢ 0.30+0.01°¢ 0.90+0.102
TSS 12.39+0.22¢ 16.28+0.82¢ 16.81+£0.02¢¢ 17.37+0.03¢ 18.16+0.09® 21.74+0.16* 17.00+0.02°
Syneresis 40.28+1.16* 38.22+1.54> 28.77+1.30% 26.69+1.409 24.69+0.60° 20.63+0.70F 18.90+0.702
Viscosity (cp) 250+29° 344+26° 385+124 480+33b¢ 595+30° 784+322 467+23¢

Values are means of triplicate determinations. Mean values with same superscript in a row are not significantly different (p> 0.05) Mean values having
different superscript letter in a row are significantly different (p<0.05).

KEY:

A =100% Bambaranut milk (without Milk);

B = 100% Bambaranut milk (with Milk); R = commercial yoghurt.

Bambaranut Milk: Millet Milk. C=90:10; D =80:20 E =70:30; F=150:50

LSD = Least Significant Difference.

TTA = Total Titrable Acidity

TSS = Total Soluble Solid

Table 5. Microbiological Qualities of Babaranut-Millet Yoghurt Analogues (logjo Cfu mL™)

Types of Microbes A B C D E F R
Total Plate Count 6.32+£0.04° 6.39+0.02¢ 6.43+0.03° 6.46+0.02°  6.55+0.05° 6.62+0.06° 6.20+0.02°
Total Yeast and Mold count  1.94+0.03¢ 2.03+0.12°¢ 2.23+£0.02* 2.21+0.03*  2.17+0.02°> 2.09+0.03° 1.30+0.02¢
Coliform ND ND ND ND ND ND ND
Values with same superscript in a row are not significantly different (p> 0.05) while values having different superscript letter in a row are significantly
different (p<0.05).
KEY:

A =100% Bambaranut milk (without Milk);

B = 100% Bambaranut milk (with Milk);

Bambaranut Milk : Millet Milk. C =90:10; D=280:20 E=70:30; F=50:50
R = Commercial Yoghurt

ND = Not detected
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Table 6. Mean Scores of Sensory for Babaranut-Millet Yoghurt Analogues

Parameter A B C D E F R
Appearance 6.90° 7.37%  7.37%® 7.35% 6.90° 6.95° 8.15°
Mouth Feel 6.20°  6.40° 6.20° 6.40° 6.35° 6.70°  8.45°
Sourness 5.40° 630> 5.75° 6.40° 6.30° 6.40°  7.90°
Flavour 6.10°  6.20°  6.85 7.05° 6.85° 7.05°  8.30°
Consistency 6.30° 6.60° 6.65% 6.75%° 6.85%° 7.30% 7.20%
Overall Acceptability 6.60°  6.65°  6.55" 7.13° 7.05° 7.25°  8.55°

Values are means of triplicate determinations. Mean values with same superscript in a row are not significantly different (p> 0.05) Mean values having

different superscript letter in a row are significantly different (p<0.05).
KEY:

A = 100% Bambaranut milk (without Milk);

B = 100% Bambaranut milk (with Milk);

Bambaranut Milk : Millet Milk. C =90:10; D=80:20 E=70:30; F=50:50

R = Commercial Yoghurt
LSD = Least Significant Difference

The disparity between the overall acceptance of formulated
yoghurt samples and that of commercial yoghurt samples in
this study could be due to the panellists' familiarity with cow's
milk yoghurt versus the reformulated products (Ijarotimi and
Keshinro, 2012); additionally, the lower consumption of
plant-based yogurts may be due to their different textural
properties, compared to dairy yogurts (Gupta et al., 2022).
The cross-linking of casein proteins is an intrinsic process in
the formation of dairy yogurt gels, caused by heating and
acidification by bacterial cultures, which contributes to the
texture of these products (Yang et al., 2021). Also, astrin-
gency in plant-based milk has been scientifically reported as
the most important limiting factor in consumer acceptance of
plant-based milk products. The native ‘grassy’ or ‘beany’ fla-
vour in soy caused by hexanal and other aldehydic lipid oxi-
dation (lipoxygenase, or LOX-catalysed) products, however,
faces significant acceptability issues in some countries and is
perceived as an off-flavour in dairy analogues (Pua et al.,
2022; Zhu et al., 2020; Short et al., 2021). However, the
overall acceptability scores of the yoghurt’s analogues were
in the range of 6.55 to 7.25 on the 9-point hedonic scale indi-
cating general acceptance of the samples by the consumers.
Therefore, from this study, it is possible that the yoghurt an-
alogues improved sensory quality may be attributable to the
blending of raw materials and processing procedure, namely
the heating and sterilising of the products and fermentation.
Heating tends to deactivate the leptoxygenase enzyme that
gives vegetable milk its beany taste. While studies showed
that blending raw materials could result in improved hedon-
istic ratings, the mechanism behind this could be the masking
of off-flavours, e.g., the beany note in legumes (Short et al.,

2021). Blending raw materials is also of great nutritional in-
terest, especially for the amino acid profile of the ingredients
as plant materials, unlike bovine dairy, have lesser amino ac-
ids and comparatively poorer digestibility (Cichonska et al.,
2022). Hence, the purposeful blending of plant materials
could help to achieve a more complete amino acid profile
without fortification (Pua et al., 2022).

Conclusion

The possibility of making suitable yoghurt analogues from
Bambaraunt and millet mixes was studied. To determine the
qualitative qualities of the yoghurts and to investigate the
market potential, nutritional, physico-chemical, microbiolog-
ical, and sensory analyses were performed. The chemical
composition of the bambaranut-millet yoghurt analogue sam-
ples and the commercial yoghurt manufactured from cow's
milk was found to be almost identical in this investigation.
The samples were clear of faecal contamination microbiolog-
ically. The sensory evaluation of the samples revealed that
yoghurts made from bambaranut-millet milk differed signifi-
cantly (p<0.05) in some of the sensory attributes from those
made from cow's milk, especially for overall acceptability,
taste and flavour. However, all the yoghurt analogues re-
ceived overall mean likeable and acceptable score of > 6.00.
Thus, suitable yoghurt analogues may be created with bam-
baranut and millet mixes with varied replacements up to 50%
to make acceptable and economical yoghurt analogues. Di-
versification of yoghurt products should be prioritised for
continued business growth and to meet unmet customer de-
mand for safe and healthy goods. In summary, blending dif-
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ferent raw materials could result in an ingredient with im-
proved properties for subsequent formulation or fermentation
into a plant-based dairy analogue with improved sensorial
and nutritional properties. Therefore, the findings of this
study demonstrated that yoghurt including grains and leg-
umes can be processed using existing technologies, has a high
nutritional content, and the processing technique produces
microbiologically safe end products. More research is needed
to discover remedies to prevent the gelatinization problem in
millet milk production. Furthermore, research into utilising
Bambaranut-millet milk mixes in the same way as cow and
buffalo milk for cheese, curd manufacturing, and ice cream
should be conducted. Shelf life, storage stability, and protein
digestibility of yoghurt analogue products should all be re-
searched.
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Afetler, bireylerin psikolojik ve fizyolojik savunmasizligini arttirmaktadir. Gida kaynaklarinin ki-
sitlanmasi, silahli gii¢lerle gida kaynaklarina erisimin baskilanmasi, ulagim ve pazarlama sistemi-
nin bozulmasi ve artan ekonomik hasar afet bolgelerinde ciddi gida acigima neden olmaktadir.
Afetlerde bireylerin ekin ekme veya mahsul toplama islemleri olduk¢a zor olmaktadir. Ayrica afet
alaninda tohum, zirai ilag, giibre temini ve sulama sistemleri {izerinde baski olusmaktadir. Afet-
lerde bireylerin dnerilen enerji miktar1 altinda yetersiz beslenmesi enfeksiyon duyarliligini arttir-
maktadir. Afetzede toplumda hem enfeksiyon hastaliklarinin siklig1 ve siddeti artmakta hem de
bireylerin iyilesme siiresi uzamaktadir. Afetzede toplumun ve toplum icerisindeki hassas gruplarda
yer alan afetzedelerin sagliginin korunmasi ve siirdiiriilmesi amaciyla afet beslenme planinin ha-
zirlanmasi olduk¢a dnemlidir. Bu ¢aligsmada afetlerde toplumun beslenmesi ve hassas gruplara y6-
nelik beslenme plan1 irdelenmistir.

Anahtar Kelimeler: Afet, Toplum beslenmesi, Hassas gruplar, Beslenme plant

ABSTRACT
Community nutrition in disasters and nutrition plan for vulnerable groups

Disasters increase the psychological and physiological vulnerability of individuals. Restriction of
food resources, restriction of access to food resources by armed forces, deterioration of transpor-
tation and marketing systems, and increasing economic damage cause serious food shortages in
disaster areas. In disasters, it is very difficult for individuals to plant or collect crops. In addition,
there is serious pressure on the supply of seeds, pesticides, fertilizers, and irrigation systems in the
disaster area. In disasters, inadequate nutrition of the individual under the recommended amount
of energy increases the susceptibility to infection. As a result of this situation, both the frequency
and severity of infectious diseases increase in society and the recovery period of individuals is
prolonged. It is very important to prepare a disaster nutrition plan in order to protect and maintain
the health of the disaster survivor society and the vulnerable groups within the society. In this
study, the nutrition of the population in disasters and the nutrition plan for vulnerable groups were
examined.

Keywords: Disaster, Community nutrition, Vulnerable groups, Nutrition plan
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Giris

Afet, toplumun tamaminda veya belirli bir kisminda fiziksel,
ekonomik ve sosyal kayiplara yol acan, olagan yasami etkile-
yerek insan faaliyetlerini kesintiye ugratan veya tamamen
durduran, yerel kaynaklarin yetersiz kaldigi, toplumun miica-
dele etme kapasitesini agan doga, insan veya teknolojik kay-
nakli olaylardir (AFAD,2022). Siddetli soguk, kitlik ve ku-
raklik yavas gelisen; deprem, sel, ¢1g, volkan ve heyelan ani
gelisen afetlere 6rnektir. Savas, go¢, ulasim kazalari, endiist-
riyel, niikleer, biyolojik ve kimyasal kazalar ise teknolojik
veya insan kaynakli afetler kategorisinde yer almaktadir
(Bahadir ve Ucku, 2018). Afetlerin etkileri, insani krizlerin
karakterinin insani krizlerin karakterlerini olusturmaktadir.
Afetler; siyasi istikrarsizlik, silahli ¢atigsmalar, gog, gida kit-
1181, demografik yapida bozulma ve halk sagligi sistemlerinin
¢okmesine neden olmaktadir (Gasseer ve ark., 2004).

Afetlerde Besin ve Beslenme Sorunu

Afet maruziyeti, bireylerin psikolojik ve fizyolojik savunma-
sizligin arttirmaktadir. Afetlerin olumsuz etkileriyle artan sa-
vunmasizlik, toplumun farkli katmanlarinda akut ve ge¢ do-
nem saglik sorunlarinin ortaya ¢ikmasina neden olmaktadir.
Afetlerin meydana geldigi andan itibaren veya sonrasinda ge-
lisen veya gelisebilecek saglik sorunlarin temel nedenleri
ti¢ kategori altinda incelenmektedir (Etiler, 2012).

Bunlar:

» Cadir veya barinak gibi gecici yerlesim alanlarinda
yasama (kalabalik yagam ve kotii hijyen kosullarinin
neden oldugu bulasici hastaliklarin gelisimi/yayi-
limi),

» Gida yetersizligi/kithigr (akut donemde gida kithigi,
ge¢ donemde yetersiz ve dengesiz beslenme),

» Doganin etkilenmesi veya bozulmasidir (kimyasal-
larla veya cesetlerle suyunun kirlenmesi, zehirlenme-
ler, sivrisineklerin liremesi).

Gida kaynaklarinin kisitlanmasi, silahli giiclerle gida kaynak-
larina erigimin baskilanmasi, ulasim ve pazarlama sistemleri-
nin bozulmasi ve artan ekonomik hasar afet bdlgelerinde
ciddi bir gida acigina neden olmaktadir. Afetlerde bireylerin
ekin ekme veya mahsul toplama islemleri olduk¢a zor olmak-
tadir. Ayrica afet bolgesinde veya yakininda tohum, zirai ilag,
giibre temini ve sulama sistemleri lizerinde baski olusmakta-
dir (Toole ve Waldman, 1997).

Doga ve teknolojik (insan) afetlerde halk sagligi caligmalari-
nin ozellikle ishal, sitma, kizamik, akut solunum yolu enfek-
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siyonlar1 ve beslenme yetersizligi {izerine odaklanmasi ge-
rekmektedir (Toole ve Waldman, 1997). Afetlerde yiiksek
prevelansl akut malniitrisyon ve mikro besin eksikligi sorun-
lar1 goriilmektedir (Young ve ark., 2004). Afet bolgesindeki
akut beslenme yetersizligi toplum sagligi icin acil bir sorun-
dur (Woodruff ve Duffield, 2002).

Aclik, kuraklik ve silahli ¢atigmalar malniitrisyon insidansini
arttirmaktadir (Amagai ve ark., 2014). Diinya niifusunun
dortte birinden fazlasi silahli ¢atismalara maruz kalan tilke-
lerde yasamini siirdiirmektedir (Corley, 2021). Cocuklarin
yaklagik %60’ 1nin silahli ¢atisma bolgelerinde veya catigma-
dan etkilenen bolgelerde yasadigi tahmin edilmektedir
(Howell ve ark., 2020). Afet bolgesindeki 6 aylik bebek ve 5
yas alt1 ¢ocuklarin viicut agirligimin 6l¢iilmesi afetten etkile-
nen popiilasyonun beslenme durumu hakkinda bilgi vermek-
tedir (Woodruff ve Duffield, 2002). Cocuklarda beslenme ye-
tersizligi, boy-agrilik Z skoru ve orta-iist kol ¢evresi 0Olgiile-
rek saptanmaktadir. Boy-agirlik Z skoru, 6-59 ay arasi ¢ocuk-
larda 2’den az veya orta-iist kol ¢evresi 11,5-12,5 cm arasinda
ise orta derecede malniitrisyon, boy- agirlik Z skoru 3’ten az
veya orta-iist kol ¢evresi 11,5 cm az ise ciddi malniitrisyon
mevcuttur (Corley, 2021). Kosova’da 1999 yilinda meydana
gelen hava saldiris1 sonrasinda ¢ocuklarin boy-agrilik Z sko-
runun 2’nin altinda oldugu saptanmistir. Cocuklarin biiyiik
bir boliimiinde ise 6dem gozlemlenmistir.

Bu durum akut malniitrisyon prevelansinin yiiksek oldugunu
gostermektedir. Yogun i¢ ¢atismalarin hakim oldugu Afga-
nistan’da 2000 yilinda akut malnutrisyon prevelansinin %5
ile %8 arasinda oldugu tespit edilmistir (Young ve ark.,
2004). Silahli ¢catismalarin ve kurakligin hakim oldugu Ye-
men’de niifusun iigte ikisi gida giivencesizligi sorunu yasa-
maktadir. Bu duruma ek olarak yasanan kuraklik, kitlik ris-
kini dogurmaktadir. Somali toplumu da ayni gerekgeler ile
gida giivencesizligi yasamaktadir. Japonya’da 2011 yilinda
9.0 biiyiikliiglinde gergeklesen tsunami ve niikleer felakete
neden olan deprem sonrasinda gecici siginakta kalan birey-
lerde sodyum ve vitamin eksikligi diizeyinin arttig1 saptan-
mistir (Amagai ve ark., 2014). Teknolojik veya insan kay-
nakli afetler kategorisinde yer alan go¢ sirasinda ve sonra-
sinda gdecmenler beslenme sorunu yasamaktadir. Istanbul’da
yasayan gecici koruma statiisiindeki Suriyeli bireylerin kar-
bonhidrat agirlikl tek 6giin ile beslendigi, yeterli vitamin, mi-
neral ve protein almadigi, yemek pisirmek i¢in gerekli aletle-
rinin ve gida malzemelerinin yetersiz oldugu saptanmistir
(Bahadir ve ark., 2016).
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Afetlerde Toplum Beslenme Plam

Afetlere kars1 ulusal ve yerel diizeyde miidahale organizas-
yonun sistematik olarak planlandig: Tiirkiye Afet Miidahale
Plani’na gore afetlerde beslenme hizmetlerinin sorumlulugu
Tiirk Kizilay1’na verilmistir. Tiirk Kizilayi’na beslenme hiz-
metleri konusunda ulusal diizeyde Igisleri Bakanligi, Saglik
Bakanligi, Aile ve Sosyal Hizmetler Bakanligi, Tarim ve Or-
man Bakanlig1 destek saglamaktadir. Bu kurumlarin tasra teg-
kilatlari, Sivil Toplum Kuruluslari, 6zel sektor ve belediyeler
Tirk Kizilayi’n yerel diizeyde is birligi yaptig1 birimlerdir
(Usluer, 2021).

Afetlerde beslenme plani, altin saatler olarak adlandirilan afet
sonrasindaki ilk 72 saat ve 72 saat sonrasina gore planlan-
maktadir. Afet bolgesinde 0-72 saatlik siire¢ icerisinde ger-
ceklestirilen beslenme faaliyetleri erken donem beslenme
hizmetleridir (Tiirk Kizilay1, 2021).

Altin saatler (0-72 saat) igerisinde tedariki kolay, islem ge-
rektirmeyen, tiikketimi kolay ve dayanikliligi yiiksek gidalarin
sunulmasi 6nemlidir. Altin saatler i¢erisinde ekmek, simit,
kek, meyve suyu biskiivi ve sicak i¢eceklerin dagitimi uygun-
dur. Oncelikle ikram araclar ile gergeklestirilen beslenme
hizmetleri olayn biiyiikliigiine gére mobil mutfak, mobil fi-
rin, seyyar mutfak ve mutfak kitleri ile siirdiiriilmektedir. Al-
tin saatler icerisinde sicak yemek hazirlanana kadar bireylere
acil beslenme kiti dagitilmaktadir. Acil beslenme kiti, 1 adet
0,25 ml su, 1 adet tath biskiivi ve 1 adet 200 ml meyve su-
yundan olusmaktadir. {lk 72 saat igerisinde afetzedelere ku-
manya dagitilmalidir. Kumanya paketleri igerisinde ekmek,
peynir, meyve, helva ve igme suyu bulunmaktadir. Kuman-
yalar ihtiyac halinde ara 6giin olarak da dagitilabilir. Afet-
lerde beslenme hizmetlerinin amaci bireylere besleyici degeri
yiiksek ve yiiksek enerjili gidalarin sunulmasidir. Yiiksek ka-
lori degerine sahip gidalar (hamburger, pizza vb.) kan sekeri
diizeyinde ani degisikliklere neden olup bireyleri yorgun bi-
rakabilecegi i¢in tercih edilmemelidir (Oral ve ark., 2017).

Altin saatler sonrasinda gerceklestirilen beslenme hizmetleri
uzun donem beslenme hizmetlerini kapsamaktadir. Erken do-
nem beslenme hizmetleri sonrasinda sicak yemek hizmeti,
afetzede ailelere yemek setinin dagitilmasi ve kuru gida yar-
diminin yapilmasi planlanmalidir. Uzun donem beslenme
hizmetleri kapsaminda 5 kisilik bir ailenin ortalama 7 giinliik
beslenme ihtiyacini karsilayabilecek gida kolisi hazirlanma-
lidir. Gida kolileri, Tip 1 ve Tip 2 olmak iizere iki gesittir
(Dogru ve Ede, 2020). Tip 1, igerisinde barbunya bulunan,
Avrupa ve Balkan {ilkeleri tarafindan hazirlanan gida kolile-
ridir. Tip 2 ise igerisinde nohut bulunan Arap ve Ortadogu
tilkeleri tarafindan hazirlanan gida kolileridir. Her iki tip gida
kolisi ortalama 20,75 kg agirliga sahiptir.

Her iki gida kolisi iginde 2,5 kg piring, 2 kg kuru fasulye, 5
kg un, 5 kg seker, 0,75 kg tuz, 2 kg makarna ve 2,5 kg bulgur
bulunmaktadir (Oral ve ark., 2017). Sphere Afete Miidaha-
lede Asgari Standartlar ve Insani Yardim Sézlesmesi’ne gore
dagitimi yapilacak her gidanin en az 6 ay raf dmriiniin olmas1
gereklidir. Sphere Afete Miidahalede Asgari Standartlar ve
Insani Yardim Sozlesmesi, acil durum ve afet bolgesine siit
tozu dagitiminin yapilmamasi iizerinde durmaktadir (Sphere
Projesi, 1998).

Bireylerin yemeklerini pigirebilmesi ve muhafaza edebilme-
leri i¢in mutfak setinin dagitimi oldukca 6nemlidir. Bes kisi-
lik bir ailenin beslenme ihtiyacini karsilamak {izere mutfak
seti igerisinde; 5 adet sahan, 5 adet tabak, 5 adet ¢atal, 5 adet
kasik, 5 adet bardak, 1 adet siirahi, 1 adet corba kepgesi, 1
adet yemek kepgesi, 1 adet tava, 1 adet biiyiik tencere, 1 adet
kiigiik tencere, 1 adet kova, 1 adet legen, 1 adet tuzluk, 4 adet
sabun, 4 adet bulasik siingeri ve 1 adet 20’li orta boy ¢Gp tor-
basi bulunmaktadir (Oral ve ark., 2017).

Afetlerde bireyler i¢in giinliik 2100 kcal enerji 6nerilmektedir
(Y1lmaz ve Arslan, 2018).

Onerilen bu enerji miktari niifusun %20’sinin adolesan (10-
19) ve %56’ simin yetigkin oldugu varsayilarak hesaplanmak-
tadir (Woodruff ve Duffield, 2002). Ayrica Onerilen enerji
miktar etkilenen toplumun sosyodemografik 6zelliklerine ve
ortam sartlarina gore degisiklik gostermektedir. Hava sicak-
ligimin 20 °C altinda oldugu bir afet bolgesinde afetzedeler
icin gerekli enerji miktar1 her 5° C’de 100 kcal arttirilmalidir.
Afetlerde bireyler i¢in 6nerilen 2100 kcal enerji i¢in 400 g
tahil, 60 g baklagil, 25 g yag ve 15 g sekere ihtiyac duyul-
maktadir (Yilmaz ve Arslan, 2018). Afetlerde ihtiya¢ duyulan
enerji gereksiniminin %10-12’si proteinlerden %17’si ise
yaglardan karsilanmalidir (Oral ve ark., 2017).

Afetzede bireyin Onerilen enerji miktar1 altinda yetersiz bes-
lenmesi enfeksiyon duyarliligini arttirmaktadir. Afet bolge-
sinde enfeksiyon hastaliklarmin sikligi, siddeti ve siiresi uza-
maktadir (Etiler, 2012). Yeterli ve dengeli beslenme, afetzede
bireylerin ortam sartlarina uyumunu kolaylastirarak fiziksel
direncini arttiracaktir. Bdylece bireylerin hastalik yiikii aza-
lacaktir (Giiler ve Cobanoglu, 1994).

Afetzede her birey i¢in en az 15 litre temiz igme suyunun bu-
lunmasi 6nerilmektedir (Etiler, 2012). Sphere Afete Miidaha-
lede Asgari Standartlar ve Insani Yardim Sozlesmesi her 250
kisiye en az bir su noktasi bulunmasi gerekliligini belirtmek-
tedir (Sphere Projesi, 1998). Acil durum ve afetten etkilenen
bolgede bireylere dagitilan temiz igme suyu dehidratasyon
gelisimini 6nleme amaciyla olduk¢a 6nemlidir (Etiler, 2012).
Van-Ercis merkezli 23 Ekim 2011 tarihinde gerceklesen dep-
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rem sonrasinda kurulan ¢adir kentlerde suyun donmasi so-
nucu su kesintilerinin oldugu bildirilmistir (Hassoy ve
Durgun, 2020). Nepal’de 2015 yilinda 7,8 biiyiikliigiinde ger-
¢eklesen deprem sonrasinda sehir su sebekeleri hasar gor-
miistiir (Arag Ozcan ve Ates Duru, 2021).

fcme ve kullanma sularinda ve gidalarda meydana gelen kir-
lenme, ishalli hastaliklarin artmasina ve ishal nedenli 6liim-
lerin goriilmesine neden olmaktadir. ishal nedenli bildirilen
cocuk Oliimlerinin %54 iiniin malniitrisyon kaynakli oldugu
tahmin edilmektedir. Ishalin neden oldugu dehidritasyon ile
miicadele amach afetzedelere oral dehidritasyon sivisi veril-
melidir (Etiler, 2012).

Afet bolgesinde ortam sartlar1 gbz oniine alinarak enerji de-
geri yuksek, besleyici, hizli doku onarimi saglayan, ishali 6n-
leyici ve tedavi edici 6zelligi bulunan, dayanikli, depolamasi,
pisirmesi ve tiiketimi kolay gidalarin temin edilmesi oldukga
onemlidir. Afetzede bireylere temin edilen tahilli gidalar (ek-
mek, bulgur, piring, biskiivi ¢orba vb.), bireyin acil enerji ag-
ligin1 karsilamakla birlikte bireye protein, B grubu vitamin-
leri ve posa destegide saglamaktadir. Afetzede bireylere ulas-
tirtlan kuru baklagiller (nohut, fasulye, mercimek vb.) daya-
nikli, ucuz ve igerdigi demir, ¢inko, B grubu vitaminler ve
protein ile besleyici degeri yiiksektir. Afet bolgesine dagitilan
siit ve siit Giriinleri (peynir, yogurt vb.) icerdigi folik asit, ri-
boflavin, kalsiyum ve protein ile sindirim sistemini destekle-
yerek viicut direncinin artmasini, ishalin 6nlenmesini ve te-
davi edilmesini saglamaktadir.

Afetzede bireylere tedarik edilen yumurtanin pisirilebilmesi
kolay oldugu gibi A, D ve E vitamini, yiiksek protein, ¢inko
ve demir icerigi ile yiiksek besleyicilige sahiptir. Afet bolge-
sine ulastirilan yagl tohumlarin (ceviz, badem, findik vb.),
tahin, pekmez gibi gidalarin besin degeri yiiksek, yogun
enerji verici 6zellikte ve tiikketimi kolaydir (Ciftgi, 2016).

Hassas Gruplarda Beslenme Plani

Afet sirasindaki ve afet sonrasindaki etkilere en fazla maruz
kalan grup hassas gruplardir. Yalniz ¢ocuklar, 0-5 yas arasin-
daki ¢ocuklar, adolesanlar, lezbiyen, gey, biseksiiel ve trans-
seksiiel ve interseks (LGBTI) bireyler, etnik azinlik gruplar,
miilteciler, yaslilar, gebe ve emzikli kadinlar, fiziksel ve psi-
kolojik engeli bulunan bireyler hassas gruplar olarak tanim-
lanmaktadir (Soner ve Avct Aydin, 2019). Afet bolgesinde bu
grupta malniitrisyon, ishal, hepatik ve tiiberkiiloz gibi enfek-
siyon hastaliklarinin gelisimini 6nlemek amaciyla beslenme
planlamasi yapilmalidir (Aycan ve ark., 2002). Mevcut besin
kaynaklar1 belirlenerek elzem besinlerin hassas gruplara da-
gitimi oldukga dnemlidir (Tiirk Kizilayi, 2021b).
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Bebek ve Cocuklarda Beslenme Plant

Afetlerde degisen sartlar bebeklerin ve ¢ocuklarin beslenme-
sinde degisiklere neden olmaktadir. Bebek ve ¢ocuklarda bes-
lenmenin negatif yonde degisimi ilk olarak kilo aliminin dur-
masi veya kilo kaybi seklinde ortaya ¢ikmaktadir. Yetersiz
beslenme sonucu ¢ocugun boy uzamasi yavaglamakta veya
tamamen durmaktadir. Marmara depreminden iki ay sonra
yapilan ¢alisma ile afetzede cocuklarin %3,8’inin boylarina
gore agirlik puanlarinin zayiflik tehlikesi grubunda yer aldig
ve her 6 ¢ocuktan birinin boyunun normal 6lgiilerin altinda
seyrettigi saptanmistir. Beslenme sorunlar1 ile miicadele et-
mek amaciyla ¢ocuklar dort donemde incelenmelidir. Bunlar
(Etiler, 2012):

» 0-6 aylik bebekler

» 6-12 aylik bebekler

» 1-6 yas okul dncesi donem
» 7 yas ve lizeri cocuklar

Bebeklerin hem besin kaynagi hem de bebek bagisiklik siste-
minin temel 6gesi olan anne siitiiniin 6nemi afetlerde daha
onemli olmaktadir. Anne siitli igerigindeki antibakteriyel ve
antiviral 6geler afet bolgesindeki bebekler i¢in su ve besin-
lerle bulasan hastaliklara kars1 koruma kalkan1 olusturacaktir
(Etiler, 2012). Afet bolgesinde emziren kadimin psikolojik ve
fizyolojik nedenlerle siit salgisinin azalmasi veya emziren ka-
dinin yasamini1 kaybetmesi sonucu 0-6 aylik bebek sagligi
risk altindadir. Bu donemde bebeklerin ihtiyaci olan besin de-
gerleri siit, yogurt, meyve piireleri ve sebzelerle desteklenme-
lidir (Y1lmaz ve Arslan, 2018). Risk kategorisinde yer alan 0-
6 aylik afetzede bebekler muhallebi, biskiivi, tahil veya sebze
corbalari ile doyurulmalidir (Aycan ve ark., 2002).

Bu grupta yer alan afetzede bebeklere misir-soya veya bug-
day-soya seklinde kombinlenmis gidalar verilebilir. Protein
icerigi arttiritlmig ¢inko, demir, vitamin ve mineralden zengin
bilesene sahip gidalar afetzede bebekler i¢in planlanmalidir
(Oral ve ark., 2017). Anne siitiine ulasamayan bebeklerin bes-
lenmesi mama veya formiila ile desteklenmelidir. iran’da ger-
ceklesen deprem sonrasinda 2 yas alt1 ¢gocuklara besin takvi-
yesi olarak A ve D vitaminleri kalsiyum, demir ve multivita-
min destegi verilmistir (Dogru ve Ede, 2020). 6-12 ay arasin-
daki bebeklere ise ek olarak kuru baklagiller ve yumurta ve-
rilmelidir (Y1lmaz ve Arslan, 2018). Demir eksikliginin ek
gida doneminde yaygin olarak goriilmesi afet bolgesindeki
bebeklere demir desteginin Onemini ortaya koymaktadir
(Etiler, 2012). Kizamik enfeksiyonu ve ishali bulunan ¢ocuk-
larin A vitamini rezervi hizla azalmaktadir.
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Azalan A vitamini rezervi antijenlere kars1 antikor gelisimini
azaltmaktadir (Besler ve Aksoy, 1990). Boylece afetzedenin
bedeni enfeksiyonlara karsi duyarli hale gelmektedir (Toole
ve Waldman, 1997).

Bebek beslenmesinde bebegin mevcut besin alerjisi olup ol-
madig1 bilgisi alinmalidir veya akut gelisen bir alerji durumu
olup olmadigi saptanmalidir (Yilmaz ve Arslan, 2018). Acil
durum ve afetin yarattig1 kosullar nedeniyle 1-6 yas ve iizeri
yaslardaki ¢ocuklarin beslenme sorunlari ¢ocuk beslenmesi-
nin ihmali gseklinde karsimiza ¢ikmaktadir (Etiler, 2012).
Ozellikle aile bireylerinin tamami vefat eden veya ailesi bu-
lunamayan ¢ocuklarin saglik taramasi en kisa siirede yapil-
malidir. Cocugun psikososyal c¢evresi gelistirilmelidir. Ge-
rekli psikolojik destek saglanarak gelistirilen giiven duygusu
ile ¢ocuk beslenmesi planlanmalidir. Ebeveynlerini kaybet-
mis bir cocuga bakan goniillii, komsu veya akrabalara ek gida
yardimi yapilmalhidir (Kaya ve Ozcebe, 2013).

Gebe ve Emziren Kadinlarin Beslenme Plan

Emziren kadinlarin ihtiya¢ duydugu enerji miktar1 diger ka-
dinlardan 500 kcal daha fazladir (Yilmaz ve Arslan, 2018).
Hamile kadinlarin ise ihtiya¢ duydugu enerji miktar1 285 kcal
artmaktadir (Oral ve ark., 2017). Hem anne hem de bebek
saglig1 icin A vitamini, demir, folat ve iyot igerikli besinlerin
titketilmesi 6nemlidir (Y1lmaz ve Arslan, 2018). Yeni dogum
yapmig bir kadinin 6 hafta A vitamini almas1 gerekmektedir.
Ihtiya¢ durumda gebe afetzedelere 60 mg demir ve 400 g fo-
lik asit verilmelidir (Oral ve ark., 2017). Sitma enfeksiyonu
demir depolarini azaltmaktadir. Bu durum sonucunda anemi
gelisimi hizlanmaktadir. Ozellikle gebelik durumda gelisen
anemi bebegin demir rezervini tehdit etmektedir (Gasseer ve
ark., 2004). Afetzede gebelerde anemi temelli 6lii dogum,
prematiir dogum ve immiin yetmezlik komplikasyonlar1 or-
taya ¢cikmaktadir. Afet temelli beslenme yaklasimi ile gebeler
niitrisyonel anemi riskinden korunmalidir (Yurdakdk ve Ince,
2009). Taze meyveler temiz su ile iyice yikanarak fetiisiin
pestisitlere maruz kalmasi onlenmelidir.

Afet bolgesindeki gebelerin giinliik 2 su bardagi siit veya yo-
gurt tiiketmesi gereklidir (Oral ve ark., 2017). Hamile veya
emziren kadinlarin orta-iist kol ¢evresinin 18,5-22,9 c¢cm ara-
sinda olmasi akut orta malniitrisyonu goéstermekteyken orta-
iist kol ¢evresinin 18,5 cm’den az olmasi ciddi derecede mal-
niitrisyonu gostermektedir (Corley, 2021). Afet sonrasinda
ergen gebe kadinin beslenme programinin diizenlenmesi ve
takibi anne-bebek 6liimii, erken dogum ve dogum komplikas-
yonlarinin Oniine gecilmesi konusunda onem tasimaktadir
(Woodruff ve Duffield, 2002). Gebe ve emzikli kadinlarin
zenginlestirilmis gida triinlerini almas1 desteklenmelidir.
Zenginlestirilmis gida {irlinlerinin %10-12’si protein ve %20-

25’1 yaglardan olugmaktadir. Bu igerik gebe ve emziren kadi-
nin besin ihtiyacinin tgte ikisini karsilamaktadir (Oral ve
ark.,., 2017).

Yashlarda ve Kronik Hastaligi1 Olan Bireylerin Beslenme
Plam

Afetlerin neden oldugu degisen kosullara yash bireylerin
hizli adaptasyonu diger bireylere kiyasla daha diistiktiir.
ABD’de 2005 yilinda gerceklesen Katrina kasirgasiin etki-
ledigi Luisiana ve New Orleans popiilasyonunun ancak
%16’s1 60 yas ve lizeri yastaki bireylerden olusmaktayken
o6lenlerin %70’inin 60 yas ve iizeri bireyler oldugu belirtil-
migtir. Japonya’da 2011 yilinda gerceklesen Thoku depremi
ve tsunami felaketi sirasinda 6len bireylerin %56’ sinin ve afet
sonrasinda dlenlerin %89 unun 65 yas ve lizeri yastaki birey-
lerden olustugu saptanmistir (Cakir ve Atalay Aydogmus,
2020). Yasla birlikte gelisen kas kaybi gii¢siizliige neden ol-
maktadir. Yash bireylerin bazal metabolizma hizi, giinliik
enerji ihtiyaci azalmaktadir. Yaslt bireylerde istahsizlik, sin-
dirim sistemi bozukluklar1 ve besine ulagma zorlugu goriil-
mektedir (Dogru ve Ede, 2020). Afet bolgesinde yaslh birey-
lerin beslenmesi fiziksel bagimliligi dikkate alinarak planlan-
malidir. Yagh bireyler besinleri ¢ignemede ve yutmada zor-
luk yasamaktadir.

Bu nedenle afetzede yaslilarin protein ve mikro besin ihtiya-
cinin karsilanmasi amaciyla piire kivaminda gidalar sunulma-
lidir (Dogru ve Ede, 2020). Ozellikle parkinson hastalar1 be-
sinleri agzina gotiirmekte zorluk ¢ekmektedir. Beslenememe
sorunu yash bireylerde konstipasyon (kabizlik) sorununun
sik yasanmasina sebep olmaktadir. Bu nedenle afetzede yasl
bireylerin siv1 ve posadan zengin gidalar1 almasi planlanma-
lidir. Yagh afetzedelerin laktasif etkili kuru meyveleri tiiket-
meleri saglanmalidir. Ayrica demans ve alzheimer hastasi
yaslt afetzedelerin takip edilmesi olduk¢a dnemlidir. Ciinkii
yemek yedigini unutan veya yemedigi halde yedigini sanan
yasli afetzedelerin beslenme sorunlar1 yasamasi kaginilmaz-
dir (Cakir ve Atalay Aydogmus, 2020).

Afetlerde yaslh ve kronik hastaligi olan bireylerin beslenme-
sinin bozulmasi kronik hastaliklarinin alevlenmesine neden
olabilir. Kronik hastalig1 bulunan afetzedelerin 6giin sayist,
besin miktar1 hastalik ve birey dzelinde planlanmalidir. Oze-
likle diyabet tanili afetzedelerin kan sekeri diizeyi takip edil-
melidir. Diyabet hastas1 bireylerin kan sekeri diizeylerinin ani
diistis ve yiikselisini 6nlemek amaciyla piring yerine bulgur
pilavi, beyaz ekmek yerine kepekli ekmek, meyve suyu ye-
rine taze meyveleri tiiketmeleri saglanmalidir. Hipertansiyon
tanil1 afetzedelerin magnezyum, potasyum ve kalsiyum ige-
ren besinleri almasi tansiyon diizeyi lizerinde etkili olmakta-
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dir. Hipertansiyona sahip afetzedenin 6giiniinde muz, porta-
kal, seftali, kayisi, mandalina, patates, ceviz ve findik olacak
sekilde planlanma yapilmalidir (Y1lmaz ve Arslan, 2018).

Hipertansiyon tanili afetzedelerin 6gilinlerinden tursu, kon-
serve gidalar ve yliksek kalorili gidalarin ¢ikarilmasi gerek-
mektedir (Oral ve ark., 2017). Besinlerin emilimi i¢in gerekli
enzimlerin salinmamasi ile karakterize olan kistik fibroz has-
talik tanili afetzedelerin besin emilimi oldukga giigtiir. Bu
afetzedelerin kalori ihtiyaci hastalik 6zelinde planlanmalidir
(Unicef, 2013). Bagisiklik sisteminin baski altinda oldugu
afetzedelerin viicut bagisikligmin A, E, C ve B vitamini,
¢inko, demir, karoten ve selenyum igeren gidalarla desteklen-
mesi olduk¢a 6nemlidir. Bu afetzedelerin besin plani tekrar-
layan enfeksiyon riskini azaltacaktir (Oral ve ark., 2017).

Engelli Bireylerin Beslenmesi

Engelli bireyler, azalmis hareket kabiliyetine ek olarak afet-
lerde yakinlarini kaybettigi i¢in yetersiz besin alimi ile kars1
karstya kalmaktadir. Yarik damakli bir bebegin afet bolge-
sinde beslenmesi zor olabilir. Serebral palsi hastasi bir afet-
zede cocugun ¢igneme ve yutma engeli bulunmaktadir
(Unicef, 2013). Engelli afetzedelerin uygun pozisyon veya
durusta beslenmesine 6zen gosterilmelidir. Bu durum engelli
afetzedenin bogulma riskini azaltacaktir. Engelli bireylerin
hareket kisithiligi giines 1sigindan yararlanimi azaltmakta
veya tamamen durdurmaktadir. Bu nedenle engelli afetzede-
lerin 6giinleri D vitamini i¢eren gidalar ile desteklenmelidir.
Engelli afetzedelere magnezyum, demir ve ¢inkodan zengin
gidalar temin edilmelidir (Oral ve ark., 2017). Yutma gii¢liigii
bulunan engelli afetzedelere piire kivamli gidalar sunulmali-
dir. Engelli bireylerin afet bolgesinde toplumla sosyal olarak
biitiinlesmesi amaciyla toplumsal etkinliklere katilimlar1 sag-
lanmalidir (Altun, 2016).

Sonuc¢

Afetzede toplumun ve toplum igerisindeki hassas gruplarda
yer alan afetzedelerin sagliginin korunmasi ve siirdiiriilmesi
amaciyla afet beslenme planinin hazirlanmasi oldukg¢a 6nem-
lidir. Hassas gruplarda yer alan afetzedelerin besin ve kalori
ihtiyaglar1 6zenle ele alinmalidir. Afet bolgesinde toplumun
pisirme ve beslenme aliskanliklari ile beslenme gelenegi g6z
Oniine alinarak adil bir planlama ve dagitim faaliyetleri yiirii-
tillmelidir. Gereksiz ve afetzede toplumun kiiltlirline uyma-
yan gidalar topluma ulastirilmamalidir. Mevcut besin kay-
naklari belirlenerek elzem besinlerin hassas gruplara dagitimi
oldukga 6nemlidir. Hassas gruplara yonelik beslenme kartlari
olusturulmalidir. Boylece birey 6zelinde gida temini, kalori
gereksinimi ve beslenme plani gelistirilmektedir. Hassas
gruplara yonelik beslenme ve tedavi amagli terapotik gidalar
kullanilabilir.

Review Article

Ozellikle hassas gruplarm yogun oldugu afet bdlgesinde
gida pay1 hesaplanirken olusabilecek kalori kayb1 gz
oniinde bulundurulmahdir.
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Dutgiller (Moraceae) familyasindan Morus tiirlerinin meyveleri geleneksel olarak saglik {izerine olumlu
etkileri dolayistyla yaygin olarak tiiketilmektedirler. I¢erdigi biyoaktif bilesenler (flavonol, antosiyanin,
flavanonol, fenolik asitler, alkoloitler), mineraller, (potasyum, kalsiyum, sodyum ve magnezyum), vi-
taminler (B1 vitamini ve folik asit), yaglar (linoleik asit, palmitik asit, oleik asit) ve melatoninlerden
dolay1 birgok arastirmaya konu olmustur. Yapilan in vitro ve in vivo arastirmalarda meyvelerindeki
biyoaktif bilesenlerden dolay1 antidiyabetik, antioksidan, néroprotektif, hipolipidemik, anti-obezite,
anti-inflamatuar, hepatoprotektif, antiparkinson, anti-timdr/ anti-kanser, antimikrobiyal ve bagisikligi
arttirici etki gibi saglik iizerine olumlu etkilerinin bulundugu bildirilmistir. Ayrica, geleneksel bitkisel
ilag olarak tiiketilen dut; diyabet, hipertansiyon, karaciger, bobrek hasar1 ve goz hastalif1 tedavisinde
yaygin olarak kullanilmaktadir. Ancak dut meyvelerinin farmakolojik 6zelliklerinin incelendigi in vitro
calismalar daha yayginken in vivo (hayvan ve klinik) ¢aligmalar ise sinirli sayidadir. Bu derlemede,
Morus alba, Morus rubra ve Morus nigra meyvelerinin fitokimyasal profili ile in vitro ve in vivo far-
makolojik 6zellikleri incelenmistir.

Anahtar Kelimeler: Morus alba, Morus rubra, Morus nigra, Fitokimyasal bilesenler,
Farmasotik ozellikler

ABSTRACT

Phytochemical profile and pharmaceutical properties of mulberry fruits

The fruits of Morus species from the Mulberry family (Moraceae) are traditionally consumed widely
due to their positive effects on health. The interest about its health effect are increasing due to its rich
content of bioactive components (flavonol, anthocyanin, flavanonol, phenolic acids, alkaloids), mine-
rals (potassium, calcium, sodium, and magnesium), vitamins (vitamin B1 and folic acid), oils (linoleic
acid, palmitic acid, oleic acid) and melatonin. /n vitro and in vivo studies indicated that the fruits have
positive health effects such as anti-diabetic, antioxidant, neuroprotective, hypolipidemic, anti-obesity,
anti-inflammatory, hepatoprotective, antiparkinsonian, anti-tumor/anti-cancer, antimicrobial and im-
mune-enhancing effects due to the bioactive components. In addition, mulberry fruit are traditionally
consumed for their diabetes, hypertension, liver, kidney damage, and eye improvement effects.
However, there is only limited clinical studies about the pharmacological properties of mulberry fruits
whereas more in vitro research are present. In this review, the phytochemical profile, in vitro and in
vivo pharmacological properties of Morus alba, Morus rubra, and Morus nigra fruits were investigated.

Keywords: Morus alba; Morus rubra, Morus nigra, Phytochemical compounds,
Pharmacological properties
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Giris

Son yillarda, dogal tiriinlere ve 6zellikle biyolojik olarak aktif
bilesiklerce zengin olan meyve ve sebzelere antioksidan 6zel-
likleri ve bazi metabolik sendrom risklerini azaltma potansi-
yelleri nedeniyle artan bir ilgi vardir (Cao ve ark., 2018; Ma
ve Zhang 2017; Veeresham, 2012). Onaylanan ilaglarin yak-
lasik %50'si dogal ftrlinlerden olusmaktadir (Veeresham,
2012). Birgok iilkede yasayan popiilasyonlarin yaklagik
%80'1 bitkisel ilaglara giivenmektedir. Bitki kaynakli ila¢ pa-
zarinin ise 2020'de yaklasik 35 milyar dolara ulasacag: tah-
min edilmektedir (Gryn-Rynko ve ark., 2016; Veeresham,
2012).

Uziimsii meyveler, diisiik kalorileri ve saglik iizerine olumlu
etkileri oldugu bilinen polifenoller, mineral maddeler ve vi-
taminlerce zengin fonksiyonel gidalardir (Zhang ve ark.,
2018). Uziimsii meyveler denildigi zaman daha gok iiziim
(Vitis), ¢ilek (Fragaria), ahududu ve bogiirtlen (Rubus), frenk
liziimi{i ve bektasi tiziimii (Ribes), maviyemis (Vaccinium),
kusburnu (Rosa), dut (Morus), miirver yemisi (Sambucus)
gibi cinsler ve bunlara bagl tiirler akla gelmektedir.

Dut, Moraceae familyasinin Morus cinsine aittir ve bu cinsin
24 tiirti ve 100 ¢esidi bilinmektedir (Ercisli ve Orhan, 2007).
Asya, Afrika, Amerika, Avrupa ve Hindistan dahil birgok
bolgede genellikle, ipekbdceklerini beslemek igin yetistiril-
mektedir (Khan ve ark., 2013; Ning ve ark., 2005; Yang ve
ark., 2010). Geleneksel dogu tibbinda ise dut; diyabet, hiper-
tansiyon, karaciger, bobrek hasari, goz iyilestirme tedavi-
sinde ve saglarin erken beyazlamasini engellemek icin de kul-
lanilmaktadir (Wei ve ark., 2018; Yang ve ark., 2010).

Meyvesinden faydalanilan ve yaygin olarak yetistiriciligi ya-
pilan M. alba L. (beyaz dut), M. nigra L. (karadut), ve M.
rubra L. (kirmiz1 veya mor dut) dut tiirleri diger dut tiirlerine
gore daha fazla biyoaktif bilesene ve terapotik potansiyele sa-
hip olduklart igin &ne ¢ikmistir (Can ve ark., 2021). Ulke-
mizde dut agaglar potansiyelinin %95’1 M. alba, %3’i M.
rubra ve %2’si M. nigra tiirlerine ait oldugunu belirtmektedir
(Ercisli, 2004).

Dut istah acic1 bir meyvedir ve kalorisi diistiktiir (Wang ve
ark., 2013). Dut meyvelerinin pH’s1 < 3.5 oldugu i¢in eksi bir
tada sahiptir (Can ve ark., 2021). Dut meyvelerinin su orani
yiiksek (yaklasik %80) oldugu i¢in muhafazasi zordur (Yang
ve ark., 2010). Meyveleri taze, dondurulmus ve kurutulmus
olarak tiikketilmesinin yaninda saraba, serbete, konserveye,
marmelada, sirkeye, meyve suyuna, likore ve pekmeze do-
niigtiiriiliir, ayn1 zamanda dogal boya olarak kozmetikte de
kullanilir (Hojjatpanah ve ark., 2011; Jan ve ark., 2021;
Sengiil ve ark., 2005).
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Dut meyveleri anti-inflamatuar, anti-kolesterol, anti-diyabe-
tik, antioksidan ve anti-obezite etkileri gibi potansiyel farma-
kolojik 6zelliklere sahiptir (Inanc ve ark., 2020; Kang ve ark.,
2006; Kim ve Park 2006; Ye ve ark., 2002; Yu ve ark., 2021;
Zhang ve Shi 2010). Bu farmakolojik 6zellikler, antosiyanin-
ler de dahil olmak iizere polifenol bilesiklerinin varligina at-
fedilmistir ve ayni tilire ait olsa bile dut meyvelerinin farkli
renklerinden dolay1 farkli miktarlarda antosiyaninlere sahip
olabilecegi bildirilmistir (Ramappa ve ark., 2020; Wang ve
ark., 2013). Duttan izole edilen baslica antosiyaninler ise si-
yanidin-3-rutinozit ve siyanidin-3-glukozittir (Liu ve ark.,
2004; Suh ve ark., 2003). Dut meyvelerinden elde edilen an-
tosiyaninlerin, diigiikk yogunluklu lipoproteinin (LDL) oksi-
dasyonunu engelleyebilecegi ve serbest radikalleri temizleye-
bilecegi bildirilmistir (Chen ve ark., 2005; Du ve ark., 2008).

M. nigra meyvesinin etanolik ekstraktlarinin diizenli olarak
Sprague-Dawley siganlarina verildigi bir caligmada bu ekst-
raktin malondialdehit igerigini azaltarak karaciger yaglanma-
sin1 zayiflattigi ve lipid metabolizmasi anormalliklerini dii-
zenledigi bildirilmis ve bu sicanlarda kara dut ekstraktinin ar-
teriyel ateroskleroz gelisimini baskiladigi tespit edilmistir
(Jiang ve ark., 2017).

Fitokimyasal Bilesikler

Dut meyvelerinden fitokimyasal bilesiklerin izole edilmesi
ve kompozisyonunun detayli bir sekilde belirlenmesi ile ilgili
yapilan ¢aligmalar son yillarda artig gostermistir. Dut yaprak-
lar1 ve kabuklari ile karsilagtirildiginda, dut meyvelerinin ge-
leneksel tipta kullanimina daha az rastlanmaktadir (Kusano
ve ark., 2002). Morbus tiirleri flavanoitler bagta olmak {izere
flovonolleri, antosiyaninleri ve fenolik asitlerden hidroksi-
benzoik asitleri yliksek miktarda igerirler (Yang ve ark.,
2016). Dut meyvelerinde bulunan baslica fitokimyasal bile-
senler Sekil 1°de kisaca 6zetlenmistir.

Dut meyvelerinin (Morus alba, Morus nigra ve Morus rubra)
fitokimyasal bilesikleri ¢esitli calismalarda bildirilmistir
(Arfan ve ark., 2012; Chan ve ark., 2016; Imran ve ark.,
2010). Chen ve ark., (2017) dut meyvelerindeki fenolik bile-
sik diizeylerinin bogiirtlen, yaban mersini, ahududu ve ¢ilek-
ten daha yiiksek oldugunu tespit etmis ve dut meyvelerinin
iyi bir fenolik kaynagi olarak kullanilabilecegini bildirmistir.

Morus alba L. dut tiirli meyvelerinin kirmizi, mor ve mor-
kirmizi gibi farkli renkleri vardir. Aramwit ve ark., (2010)
mor dut meyve 6ziitliniin, kirmizi ve mor-kirmizi dut meyve
ekstraktlarindan daha yiiksek toplam seker ve antosiyanin
icerigine sahip oldugunu bildirmistir. Bu durumun antosiya-
ninleri sentezlemek i¢in 6ncii madde olarak sekerlere ihtiyag
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duyulmasindan kaynaklandigi belirtilmistir. Bununla birlikte,
kirmiz1 dut meyvesinin mor ve mor-kirmizi dut meyve ekst-
raktlarindan daha yiiksek bir askorbik asit ve B-karoten iger-
digi rapor edilmistir.

Dut meyvelerinde ayrica birgok ugucu bilesik bulunmaktadir.
Calin-Sanchez, ve ark., (2013) Ispanya'da yetistirilen beyaz
(Morus alba L.) ve kara (Morus nigra L.) dut meyvelerinde
bulunan ugucu bilesiklerin asetik asit, 3-hidroksil-2-biitanon,
etil butirat, etil asetat, 3-metilbiitanal, 2-metilbiitanal, hepta-
nal, metional, hekzanal, trans-2-hekzanal, 2-oktenon, hekza-
noik asit, benzaldehit, metil hekzanoat, 2-etilhekzanal, okta-
nal, limonen, 6-metil-5-hepten-2on, etil hekzanoat, 2,4-nona-
nadienal, fenilasetaldehit, trans-2-oktenal, cis-a-ocimene,
terpinonen, 2-nonanon, nonanal, oktanoik asit, cis-2-nonenal,
dodekanoik asit, terpinen-4-ol, etil oktanoat, etil dodekanoat,
dekanal, dekanoik asit ve etil dekanoat oldugunu bildirmis-
lerdir.

Yiiksek miktardaki antosiyanin igeriginden dolayr M. nigra
L. meyvesi siyah renklidir. KostiC ve ark., (2019) tarafindan
yapilan calismada Giineydogu Sirbistan’daki Morus alba,
Morus nigra ve Morus rubra dutlarin biyoaktif bilesenleri
etanol ile ultrases destekli ekstraksiyon yontemiyle ekstrakte
edilmis ve Morus nigra’nin flavonoid ve antosiyanin icerigi-
nin Morus alba ve Morus rubra’dan daha yiiksek oldugu tes-
pit edilmistir. Ayrica yapilan diger arastirmalarda Morus
nigra’daki baskin antosiyaninin siyanidin-3-O-glikozit ol-
dugu bildirilmistir (Pawlowska ve ark., 2008; Qi ve ark.,
2014; Qin ve ark., 2010). D’urso ve ark., (2019) Italya’da ye-
tisen Morus nigra’da 4 farkli antosiyanin tespit etmis olup
bunlarin siyanidin ve pelargonidinin bir, iki veya ii¢ heksoz
sekeriyle konjuge formlar1 oldugunu bildirmislerdir. Ayrica
Morus nigra’da antosiyanin biyosentezindeki onciil bilesen-
lerden dihidrokuersetin (taksifolin) hekzosit ve dihidrokam-
ferol hekzosit flavonollarini bulmuslardir. Benzer sekilde ya-
pilan bir bagka ¢aligmada ise Morus nigra’daki kuersetin-gli-
kozidlerinin kamferolden daha yiiksek oldugu tespit edilmis-
tir (Sanchez-Salcedo ve ark., 2015). Tiirkiye’de yetisen Mo-
rus nigra ve Morus rubra gesitlerinin incelendigi bir bagka
calismada da Morus nigra’daki antosiyanin miktariin (ana
bilesen siyanidin-3-O-glikozit) Morus rubra’dan yiiksek ol-
dugu bulunmustur (Ozgen ve ark., 2009). Yapilan farkli ¢a-
ligmalarda ise Morus nigra’daki fenolik asitlerin flavonol ve
antosiyanin miktarindan daha yiiksek oldugu ve fenolik asit-
lerden benzoik (protokatesik) ve sinamik asit (klorojenik)
konsantrasyonunun flavonol ve antosiyaninlerden daha fazla
bulundugu tespit edilmistir (Jin ve ark., 2017; Khalifa ve ark.,
2018; Mena ve ark., 2016; Veberic ve ark., 2015).

Yang ve ark., (2010), dondurularak kurutulmus M. alba dut
meyvesinin toplam fenolik ve flavonoitler ile antosiyanin ige-
riginin sirasiyla 23.0 mg/g gallik asit esdegeri, 3.9 mg/g rutin
esdegeri, 0.87 mg/g siyanidin-3 glukozit esdegerleri oldu-
gunu bildirmislerdir. Dut meyve tozundaki flavonolleri belir-
lemek i¢cin HPLC’nin kullanildig1 analizlerde baglica bilesen
olarak rutin (0.43 mg/g), ardindan morin (0.16 mg/g), kuer-
setin (0.01 mg/g) ve mirisetin (0.01 mg/g) varlig1 saptanmis-
tir. Ayrica, dut meyvelerinin dondurularak kurutulmus to-
zunda ise 1.20 mg/g askorbik asit, 0.32 mg/g vitamin E ve
243.0 mg/g diyet lif tespit edilmistir. Ayrica dutun yag asidi
icerigi ve bilesiminin, farkli ekolojik kosullara gore degisti-
gini ifade eden arastirmacilar, dut meyvelerinin toplam yag
asidi icerdigini, tespit edilen en yiiksek miktardaki yag asidi-
nin linoleik asit C18:2 (%79.4) oldugunu bunu palmitik asit
C16:2 (%8.6) ve oleik asidin C18:1 (%7.5) izledigini, 6rnek-
lerde %0.6 oraninda o-linolenik asit C18:3 tespit edildigini
bildirmislerdir. Tiirkiye'de yapilan bir bagka ¢alismada ise 6r-
neklerde yiiksek oranda linoleik asit C18:2 (%57.3) tespit
edildigi, bunu palmitik asitin C16:0 (%22.4) izledigi bildiri-
lirken Orneklerde linolenik asit C18:3'lin varliginin tespit
edilmedigi belirtilmigtir (Ercisli ve Orhan., 2007). Jiang ve
Nie (2015)’nin yapmis oldugu calismada ise beyaz (Morus
alba L.), rus (M. alba var. tatarica L.) ve kara (Morus nigra
L.) dut meyvelerinin esansiyel amino asitlerden izoldsin, 16-
sin, treonin, lizin, valin, fenilalanin, tirozin, triptofan, histi-
din, metionin ve sistein ile esansiyel olmayan amino asitler-
den arginin, alanin, prolin, glutamik asit, glisin, serin ve as-
partik asit i¢erdigini bildirmislerdir. Meyvelerin yag asitlerin-
den linoleik asit, miristik asit, stearik asit, palmitik asit ve a-
linoleik asit icerdigi de tespit edilmistir. Ayrica arastirmacilar
malik asit, siiksinik asit, sitrik asit, tartarik asit, asetik asit gibi
organik asitlerin varligini da bildirmislerdir.

Yapilan farkli ¢alismalarda Morus nigra’da bulunan ana vi-
taminlerin (mg/100 g) niasin (0.620), riboflavin (0.101), C
(21.8) ve E (0.87) vitaminleri oldugu tespit edilirken major
minerallerin (mg/100 g) ise potasyum (922), kalsiyum (132),
sodyum (59) ve magnezyum (106) oldugu bildirilmistir (Er-
cisli ve Orhan., 2007; Lochynska ve ark., 2015). Benzer se-
kilde bir bagka ¢alismada askorbik asit, niasin ve riboflavin
strasiyla major vitaminler olarak bulunmustur (Imran ve ark.,
2010). Morus nigra’da ki yag asidi igerigi (%) ise cis-C18:2
w6 (61.85), cis-C18:1 w9 (14.75), C16:0 palmitik asit (12.06)
ve C18:0 stearik asit (5.86) olarak bildirilmistir (Ramappa ve
ark., 2020). Ayrica bir bagka ¢alismada dut meyvelerinin po-
tasyum, kalsiyum, magnezyum, demir, sodyum, ¢inko, bakir,
selenyum ve manganez gibi mineralleri icerdigini saptamis-
lardir (Jiang ve Nie., 2015).

Kang ve ark., (2006), Amberlite IRC-50 iyon degisim kroma-
tografisini kullanarak %1 HCI-MeOH dut meyve (M. alba L.)
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ekstraktlarindan endotel disfonksiyonuna karsi koruma sag-
layabilen, inflamasyonu baskilayan ve serbest radikal siipii-
rlicii aktiviteye sahip bir antosiyanin aglikonu olan siyanidin-
3-0-B-d-glukopiranozit (C3G) izole ettiklerini bildirmisler-
dir.

Bae ve Suh (2007) ise Kore'de spektrofotometrik yontemler
ile kiiltire almmis Pachungsipyung, Whazosipmunja,
Suwonnosang, Jasan ve Mocksang isimli bes adet dut ¢esidi-
nin (Morus alba L.) meyve polifenolik bilesimini belirledik-
leri bir calismada, toplam fenollerin, toplam antosiyaninlerin,
renkli (iyonize) antosiyaninleri ve toplam flavanolleri sira-
styla 960 ila 2570 pg/g gallik asit esdegeri, 137 ila 2057 pg/g
malvidin-3-glukozit esdegeri, 10 ila 190 ug/g malvidin-3-
glukozit esdegeri ve 6 ila 65 pg/g katesin esdegerleri olarak
saptamiglardir.

Memon ve ark., (2010) ise Pakistan'da yetistirilen dut tiirleri-
nin (Morus laevigata W., Morus nigra L., Morus alba L.)
meyvelerinden gallik asit, protokatesik asit, protokatesik al-
dehit, p-hidroksibenzoik asit, vanilik asit, klorojenik asit, si-
ringik asit ve m-kumarik asit izole edip tanimlamislardir.

Qin ve ark., (2010) UV-Goriiniir spektroskopi, ultraviyole-
goriliniir bolge amperometrik dedektér (PAD)’lii LC-MS ve
proton niikleer manyetik rezonans (1HNMR) kullanarak,
Cin, Shaanxi'de yetistirilen M.alba dut meyvelerinden siya-
nidin 3-O-glukozit, siyanidin 3-O-rutinozit, pelargonidin 3-
O-glukozit ve pelargonidin 3-O-rutinozit izole etmislerdir.
Du ve ark., (2008) ise Cin'deki Hangzhou, yerel magazalar-
dan satin alinan M.alba dut meyvelerinde siyanidin 3-O-f3-d-
galaktopiranozit, siyanidin 3-O-B-d-glukopiranozit ve siyani-
din 7-O-B-d-glukopiranozit izole etmislerdir. Ek olarak, bu
calismada dut meyvelerinden ayrica siyanidin 3-O-(6"-O-0-
ramnopiranozil-B-d-galaktopiranozit) ve siyanidin 3-O-(6"-
O-a-ramnopiranozil-p-d-glukopiranozid) saptanmiglardir.

Sirbistan'da yetistirilen M.alba dut meyvelerinden yiiksek
¢cozlnlirlikli bir kiitle spektrofotometresine baglanan ultra
HPLC (UHPLC) sistemi kullanilarak epigallokatesin, epigal-
lokatesin gallat, gallokatesin, gallokatesin gallat, izoramnetin
glukoronit, izoramnetin hekzosit, izoramnetin hekzosilhek-
zosit, kamferol glukoronit, kamferol hekzosit, kamferol hek-
zosilhekzosit, kuersetin glukoronit, kuersetin hekzosit, kuer-
setin hekzosilhekzosit, kuersetrin izole edilmistir (Nati¢ ve
ark., 2015). Meyvelerde ayn1 zamanda siyanidin gallolhekzo-
sit, siyanidin heksozit, siyanidin heksosilhekzosit, siyanidin
pentozit, siyanidin rhamnosilhekzosit, delfinidin asetilhekzo-
sit, delfinidin hekzosit, delfinidin ramnosilhekzosit ve petno-
silhemosidin- peksolaridin varlig1 bildirmistir.
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Kusano ve ark., (2002) Tiirkiye'de yetisen M.alba dut mey-
velerinden bes yeni nortropan alkaloiti (2a,3-dihidroksinort-
ropan, 2f,3p-dihidroksinortropan, 2a,3B-6ekso-trihidroksi-
nortropan, 2a,3fB,40- trihidroksinortropan, 3[,6ekso-dihid-
roksinortropan) ile nor-y-tropin izole etmislerdir. Ayni za-
manda spektroskopik veriler kullanarak, meyvelerin morusi-
mik asitlerden A, B, C, D, E ve F olmak iizere alt1 amino asi-
din yeni yapilarini izole etmis ve belirlemislerdir.

Kim ve ark., (2013) Chonbuk, Kore'de ekilen M.alba dut
meyvelerinden 2-formil-5-(hidroksimetil)-1H-pirol-1-buta-
noik asit, 5-(hidroksimetil)- 1 H-pirol-2-karboksaldehit, 2-for-
mil-1H-pirol-1-butanoik asit ve 2-formil-5-(metoksimetil)-
1H-pirol-1-butanoik asit gibi dort adet pirol alkoloidi tanim-
lamistir. Ayn1 ¢aligmada ayrica morrol A olan yeni bir pirol
alkoloidi de izole edilmistir. Izole edilmis pirol alkoloidleri-
nin tiim yapilar1 1D ve 2D niikleer manyetik rezonans (NMR)
analizleri kullanilarak belirlenmistir.

Kim ve ark., (2014) ise spektroskopik olarak M.alba dut
meyvelerinde morrole B, morrole C, morrole D, morrole E ve
morrole F olan bes pirol alkaloiti tanimlamiglardir. Bu calig-
mada ayrica 4-[formil-5-(hidroksimetil)-1H-pirrol-1-il] biita-
noat, 2-(5-hidroksimetil-2',5'-diokso- 2',3',4',5'-tetrahidro-
1'H-1,3'-bipirol) karbaldehit, 4-[formil-5-(hidroksimetil)-
1H-pirol-1-il] biitanoat, 4-[formil-5-(metoksimetil)-1H-pi-
rol-1-il] biitanoik asit, metil 2-[2-formil-5-(metoksimetil)-
1H-pirol-1-il] propanoat, 2-(5 '-hidroksimetil-2'-formilpirol-
1'-il)-3-fenil-propiyonik asit lakton, metil 2-[2-formil-5-(me-
toksimetil)-1H-pirrol-1-il]-3-(4-hidroksifenil) propanoat, 2-
(5'-hidroksimetil-2'-formilpirol-1'-il)-3-(4-hidroksifenil)-
propiyonik asit lakton, 2-(5-hidroksimetil-2-formilpirol-1-il )
propionik asit lakton, 2-(5-hidroksimetil-2-formilpirol-1-il)
izovalerik asit lakton, 2-(5-hidroksimetil-2-formilpirol-1-il)
izokaproik asit lakton ve 2-[2-formil- 5-(hidroksimetil)-1-pi-
rolil-] 3-metilpentanoik asit lakton gibi 11 adet pirol alkaloiti
de izole edilmistir.

Yapilan literatiir taramalarinda Morus nigra’nin alkaloid ice-
rigi ile ilgili detayli bilgiye rastlanmamistir. Issa ve Abd-
Aljabar (2017) Morus nigra’da alkoloid bulunmadigini ifade
ederken Lim ve Choi (2019), igeriginde alkaloidlerin bulun-
dugunu bildirilmislerdir. Bir bagka arastirmada ise alkaloid-
lerden morroles ve mulbainesleri icerdigi bildirmistir
(Akhlaq ve ark., 2016). Dolayisiyla elde edilen bu bilgiler 1s1-
ginda Morus nigra’nim alkaloid igeriginin daha detayl1 ince-
lenmesi gerektigi diistiniilmektedir.

Zhu ve ark., (2018) M. nigra, M. macroura ve M. alba’nin
aroma ve ugucu bilesenlerini analiz etmisler ve ii¢ ¢esit dut
meyvesinde de etil biitanoati (ethyl butanoate) en yiiksek
miktarda bulmuslardir. Metionolun en diisiikk M. nigra ve M.
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macroura tiurlerinde, 1-pentanoliin ise M. alba ¢esidinde ol-
dugu bulunmustur. Benzer sekilde M. nigra ve M. alba’nin
diisiik miktarda ucgucu bilesenlerden 2,4-nonadienal, metil
hegzanat, limonen, oktanol ve etil hegzanat igerdigi bildiril-
mistir (Sanchez-Salcedo ve ark., 2015).

Farmakolojik Ozellikler

Dut meyvesi, saglik {izerindeki potansiyel farmakolojik akti-
viteleri nedeniyle aragtirmacilarin ve tiiketicilerin dikkatini
¢eken, antosiyaninler agisindan zengin fonksiyonel bir gida-
dir (Bhattacharjya ve ark., 2021; Lee ve ark., 2017). Dut yap-
raklariin farmakolojik aktivitelerinin incelendigi ¢ok sayida
caligma (Bai ve ark., 2021; Ma ve ark., 2022) olmasina rag-
men meyvelerinin farmakolojik 6zellikleri {izerine yapilmis
siirli sayida ¢alisma bulunmaktadir (Bhattacharjya ve ark.,
2021). Dut meyvelerinin in vitro ve in vivo farmokolojik 6zel-
liklerinin aragtirildig1 caligmalar asagida 6zetlenmis ve Tablo
1 ve 2 ile Sekil 2°de sunulmustur.

Hipolipidemik Etki

Kardiyovaskiiler hastaliklar (KVH), her yil diinya ¢apinda
yaklasik 17 milyon insanin KVD'den (inme ve koroner kalp
hastalig1 dahil) 6lmesiyle en yaygin 6liim nedenleri arasinda
yer almaktadir (Ma ve Lee., 2016; Townsend ve ark., 2016).
KVH'in gelecekte kiiresel mortaliteye en biiylik katkiy1 sag-
layacagi tahmin edilmektedir (Lu ve ark., 2016). Hiperlipi-
demi KVH igin baslica risk faktorlerinden biridir (Nelson.,
2013). Hipolipidemik ilaglarin ¢cogunun potansiyel yan etki-
ler gostermesi ve pahali olmalari (Yang ve ark., 2010; Zhang
ve ark., 2013), alternatif tibbin kan lipid diizeylerini diisiir-
medeki etkinliginin belirlendigi caligsmalarda artis olmasina
sebep olmustur (Rabito ve Kaye., 2013).

Yang ve ark., (2010), %5 veya %10 dut meyve tozu ile tak-
viye edilmis yiiksek yaglh diyetle beslenen sicanlarin serum
ve karaciger trigliserit, toplam kolesterol ve serum LDL ko-
lesterol konsantrasyonlarinda 6nemli bir diigiis oldugunu bil-
dirmistir. %5 veya %10 M.alba dut meyve tozu ile takviye
edilmis yiiksek yagli diyetle beslenen siganlarda ise serum
yiiksek yogunluklu lipoprotein (HDL) kolesteroliinde bir ar-
tis oldugunu saptamiglardir. Ayrica arastirmacilar, dut mey-
velerinin yliksek diyet lifi ve linoleik asit i¢erigine sahip ol-
masi nedeniyle, dut meyvelerinin hipolipidemik bir etkiye sa-
hip olabilecegini 6ne siirmiislerdir.

Chen ve ark., (2005), Yeni Zelanda beyaz tavsanlarint 10
hafta boyunca yiiksek kolesterol diyeti (HCD) (%95.7 stve art
Purina yemi, %3 domuz yag1 ve %1.3 kolesterol) ve HCD ile
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%0.5 veya 1.0 oraninda M.alba dut meyvelerinin % su ekst-
rakt1 ile beslenmiglerdir. HCD yaninda %0.5 veya 1.0 ora-
ninda dut meyvelerinin % su ekstrakt1 verilen tavsanlarin sa-
dece domuz yagi diyeti ile beslenenlere gore daha diisiik top-
lam kolesterol, LDL kolesterol ve trigliserit seviyelerine sa-
hip oldugu tespit edilmistir. Ayrica bu ¢alismada HCD ya-
ninda %0.5 veya %1.0 dut meyvesi su 6ziitii ile beslenen tav-
sanlarin aorttaki siddetli aterosklerozunun %42-63 gibi
O6nemli bir oranda azaldig1 ve bu bulgularmn tavsanlari kan
damarlarimin histopatolojik incelemesi ile desteklendigi bil-
dirilmistir. Calismada dut meyvelerinin su ekstraktinin top-
lam kolesterol ve LDL kolesterol diizeyleri iizerindeki etkisi-
nin doza bagl oldugu ve dut meyvelerinin %0.5 veya %1.0
su ekstrakti ile beslenen tavsanlarda karaciger veya bobrek
fonksiyonlarindaki degisiklikler iizerinde olumsuz bir etki
gbzlenmedigi bildirilmistir.

30-60 yaslar1 arasindaki 58 hiperkolesterolemik yetiskin {ize-
rinde yapilan randomize kontrollii diger bir ¢alismada ise,
Sirikanchanarod ve ark., (2016) haftalik 45 g dondurularak
kurutulmus M.alba dut meyvesi tilketiminden (325 mg anto-
siyanin) sonra, deney grubunun kontrol grubuna goére 6nemli
Olciide daha diisiik toplam kolesterol ve LDL degerlerine sa-
hip oldugunu bildirmistir. Calismada ayrica dut meyvelerinin
tilketiminin ateroskleroz riskini azaltabilecegi ve LDL'nin
oksidasyonunu dnlemek icin anti-hiperlipidemik ve anti-ok-
sidatif yeteneklere sahip oldugundan hiperkolesterolemik
hastalar i¢in alternatif bir tedavi olarak kullanilabilecegi ra-
por edilmistir (Chen ve ark., 2005).

Bir bagka ¢aligmada ise M. nigra meyvesinin etanolik ekst-
raktlariin diizenli olarak Sprague-Dawley si¢anlarina veril-
mesiyle malondialdehit iceriginin azaltildigi, karaciger yag-
lanmasinin zayiflatildigi ve lipid metabolizmasi anormallik-
lerinin diizenledigi bildirilmistir. Boylece kara dut ekstrakti-
nin sicanlarda arteriyel ateroskleroz gelisimini baskiladig:
tespit edilmistir (Jiang ve ark., 2017).

Anti-Diyabetik Etki

Diyabet, insiilin sekresyonunun kusurlarindan kaynaklanan
hiperglisemi ile karakterize bir hastalik olup, KVH ve ¢esitli
organlarin yetersizligi gibi bir dizi saglik komplikasyonu ile
iliskilidir (Kalofoutis ve ark., 2007). Yapilan in vivo ¢alisma-
larda M.alba dut meyvesinin anti-diyabetik aktivitesi tespit
edilmis olup, M.nigra dut meyvesinin anti-diyabetik etkisinin
incelendigi bir ¢aligmaya rastlanmamustir.
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Tablo 1. Dut meyvelerinin in vitro farmakolojik 6zellikleri

Table 1. /n vitro pharmacological properties of mulberry fruits
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Sekil 1. Dut meyvelerinin baglica biyoaktif bilesimi

Figure 1. Major bioactive composition of mulberry fruits

Antidiyabetik

Sekil 2. Dut meyvelerinin farmakolojik 6zellikleri

Figure 2. Pharmacological properties of mulberry fruits
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Tablo 2. Dut meyvelerinin in vivo farmakolojik 6zellikleri

Table 2. /n vivo pharmacological properties of mulberry fruits

Farmokolojik

Etki Tiir Coziicii Etki mekanizmast Analiz Modeli Kaynaklar
Deneysel olarak periodontitis olustu-
rulan siganlarda bolgesel alveoler ke- . Talo
mik rezorpsiyonunun inhibe edilme- Erkek Wllstar S0 Yildirim ve
M. nigra Su sine bagli olarak periodontal iyi- ar ark., (2019)
lesme gozlemlenmistir.
Siyanidin-3-glikozidin PC12 hiicre-
lerinde antioksidan, MCAO siganla-
Anti-inflamatuar r}nda 1€ serebral ! skenpk hasar.uze- PC-12 hiicreleri ve =~ Kang ve ark.,
rinde noroprotektif etkileye sahip ol- MCAO sican (2006)
M. alba Su dugu goriilmiistiir. Ayrica endotel
disfonksiyonu 6nledigi bildilirilmis-
tir.
o pens . Parkinson hastalig1
Meyve suyunun verildigi parkinson ndiiklenmis erkek Fahimi
indiiklii farelerde Levodopa-induced Induxcnmis erxe animi ve
. Meyve dyskinesia (LID)’in engellendigi go- BALB/c farclere haf- Jahromy
M. nigra suyu riilmiistiir talik IQ— 1 5. ml/kg ve- (2018)
) rilmistir.
Antiparkinson Bes hafta boyunca fa'relere Vel‘llell Parkinson hastalig1
meyve suyunun parkinson hastalig diiklenmis erkek Gu ve ark.,
M. alba Su semptomlarini iyilestirici etkisi goz- fneuiienmis erxe (2017)

C57BL/6 fareler

lenmistir.

Jiao ve ark., (2017), yedi hafta boyunca M.alba dut meyve-
sinin iki farkl1 polisakkarit fraksiyonu (MFP50 ve MFP90) ile
beslenen diyabetik si¢anlarin aglik glukozu, aglik serum in-
siilini, homeostaz modeli insiilin direnci, trigliserit ve oral
glukoz tolerans1 degerlerini diisiirdiigiinii saptamiglardir.
Kontrol grubu olarak saf su ile beslenen diyabetik siganlarla
karsilastirildiginda, MFP50 ve MFP90 ile beslenen diyabetik
siganlar, sirasiyla %26.5 ve %32.5 oraninda daha diisiik se-
rum insiilin diizeyine sahip oldugunu bildirilmislerdir. Ayrica
hem MFP50 hem de MFP90'!n serum alanin transaminaz
(ALT) diizeylerini diistirdiigiinii bulmuslar ve ayn1 zamanda
bunlarin potansiyel hepatoprotektif etkileri oldugunu diigiin-
miiglerdir. MFP50'in MFP90'dan daha stabil bir hipoglise-
mik etkisi olmasina ragmen, MFP90'!n MFP50'den daha iyi
bir hipolipidemik etkisi tespit edilmistir. Benzer bulgular
Guo ve ark., (2013) tarafindan da bildirilmig ve 2 hafta bo-
yunca M.alba dut meyvesi polisakkaritleri ile beslenen diya-
betik siganlarin aglik kan sekerinde diisiis oldugu saptanmis-
tir.

Wang ve ark., (2013) tarafindan yapilan bir bagka calismada,
2 hafta boyunca M.alba dut meyvesinin etil asetat ekstrakti
ile beslenen diyabetik siganlarin, aglik kan sekeri ve glikozile

edilmis serum protein seviyelerinde 6nemli bir diisiis oldugu
bildirilmistir. Ayrica, dut meyvelerinin etil asetat ekstraktinin
diyabetik sicanlarda katalaz (CAT), glutatyon peroksidaz
(GSH-Px) ve siiperoksit dismutazin (SOD) antioksidan akti-
vitelerini 6nemli Olclide arttirdigimi ve 2,2-difenil-1-pik-
rilhdrazil (DPPH) ile siiperoksit anyon radikallerine karsi
giiclii a-glikozit inhibitor aktiviteye ve radikal siipiirticti akti-
vitelere sahip oldugu rapor edilmistir.

Yan, ve ark., (2016) ise 8 hafta boyunca giinde 50 ve 125
mg/kg viicut agirligt dozlarinda M.alba dut meyvesinin an-
tosiyanin ekstrakti ile beslenen erkek (db/db) farelerin koles-
terol diizeylerinde 6nemli bir diisiis oldugunu, aclik kan se-
keri, leptin, serum insiilin ve trigliserit ile adiponektin diize-
yinde ise artis oldugunu bildirmislerdir. Arastirmacilar ayni
zamanda dut meyvesinin, dut meyvesinin antosiyanin ekst-
raktinin insiilin ve leptinin direncini arttirmak i¢in kullanila-
bilecegini 6ne siirmiislerdir. Bu sonuglar, diger arastirmacila-
rin (Wang ve ark., 2013, Guo ve ark., 2013 ve Jiao ve ark.,
2017) elde ettigi veriler ile birlikte degerlendirildiginde, dut
meyvelerinin anti-hiperglisemik ve anti-hiperlipidemik etki-
leri nedeniyle diyabet tedavisinde dnemli bir rol oynayabile-
cegini diislindiirmektedir.
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Diger taraftan M. nigra meyvesinin anti-diyabetik etkisinin
incelendigi ¢alismaya rastlanmazken yapragi ile ilgili sinirh
sayida ¢alismanin oldugu tespit edilmistir (Abd ve ark., 2011;
Kojima ve ark., 2010; Wei ve ark., 2018).

Anti-Obezite Etkisi

Obezite geleneksel olarak belirli bir boy, cinsiyet ve yastaki
bireyler i¢in en diisiik 6liim oranina karsilik gelen ideal agir-
ligin >%20 {izerinde bir agirlik olarak tanimlanmakta olup tip
2 diyabet, kalp hastalig1 ve kanser gibi hastaliklarin ortaya
¢ikma riskini arttirmaktadir (Lee ve ark., 2017). Yapilan bazi
caligmalar obezitenin dislipidemiye katkida bulunmada
onemli bir rol oynadigini gostermistir (Ebbert ve Jensen
2013; Jung ve Choi 2014; Klop ve ark., 2013; Turan ve
Tuncay 2020).

Lim ve ark., (2013) diisiik (133 mg dut yapragi ekstresi ve 67
mg dut meyve ekstresi/kg/giin) ve yiiksek (333 mg dut yap-
rag1 ekstresi ve 167 mg dut meyve Oziitii/kg/giin) dozlarda
M.alba dut yapragi ekstresi ve dut meyvesi ekstresi kombi-
nasyonu ile beslenen yiiksek yagli diyetle indiiklenen obez
farelerin viicut agirhigr artisinda, acglik plazma glukozunda,
insiilin ve insiilin direncinin homeostaz model degerlendir-
mesinde énemli bir azalma oldugunu bildirmistir. Dut yap-
rag1 oziiti ve dut meyve Oziitli kombinasyonunun yiiksek
dozu, glikoz kontroliinii biiytik 6l¢iide iyilestirdigi, manganez
siiperoksit dismutaz, indiiklenebilir nitrik oksit sentaz, mono-
sit kemoatraktan protein-1, C-reaktif protein (CRP), timor
nekroz faktor-a protein ve interldkin-1 diizeylerini de diistir-
diigl bildirilmistir. Bu nedenle, dut yaprag: ekstresi ve dut
meyvesi ekstresi kombinasyonunun, obezitenin neden oldugu
oksidatif stres ve iltihab1 modiile ederek anti-obezite ve anti-
diyabetik 6zelliklere sahip oldugu ileri siiriilmektedir.

Kim ve ark., (2014) yapmis olduklari c¢aligmada
M.alba meyve pyrrol akoloidlerinin pankreatik lipaz aktivi-
tesini durudurucu etkisinden dolay1 obeziteyi onleyici etkisi-
nin oldugunu bildirilmistir.

Peng Peng ve ark., (2011), 12 hafta boyunca M. alba dut
meyve suyu ekstresi ile beslenen erkek hamsterlarda, yiiksek
yagl diyete bagh viicut agirligi ve i¢ organlarda yaglanmanin
daha diisiik oldugunu, bunun yaninda serum triasilgliserol,
kolesterol seviyelerinde, LDL/HDL oraninda bir azalma ol-
dugunu bildirmislerdir. Ayni zamanda, dut meyve suyu ekst-
raktinin yag asidi sentezini, 3-hidroksi-3-metilglutaril-koen-
zim A (HMG-CoA) rediiktazin1 ve hepatik peroksizom proli-
feratorii ile aktive olan reseptdr a ve karnitin palmitoiltrans-
feraz-1'i yiikselttigi ifade edilmistir. Arastirma sonucunda,
dut meyve ekstraktinin viicut agirhigini azaltmak igin kullani-
labilecegi ve lipoliz ile lipogenezi diizenledigi 6ne siiriilmiis-
tur.

Review Article

Literatiir taramasinda karsilasilan M.alba ile ilgili ¢alismala-
rin aksine M. nigra meyvesinin anti-obezite etkisine dair bir
arastirmaya rastlanmamustir.

Anti-Tiimor ve Anti-Kanser Etki

Diinya Saglk Orgiitine (DSO) bagh Uluslararas1 Kanser
Arastirma Ajansi (IARC)’nin 2020 yilinda hazirladig: ra-
porda her yil diinya genelinde 10 milyon yetiskinin hayatini
kanser sebebiyle kaybettigi belirtilmigtir. Kanser sayilarinda
gdzlenen artigin yam sira tedavide uygulanan kimyasallara
kars1 olusan ilag direnci ve yan etkiler sebebiyle alternatif te-
davi arayis1 artmaktadir (Wild ve ark., 2020).

M. alba, kok, kok kabugu ve yapraklarindan ekstrakte edilen
fenolik bilesikler vasitasi ile antikanser etkiler gostermekte-
dir. Yapida en ¢ok flavonoitler bulunmaktadir, ayrica mora-
sinler, fenolik asitler, alkoloidler, kumarinler, kalkonlar ve
stilbenler de elde edilmistir (Chan ve ark., 2020). Literatiirde;
kolon, mide, meme ve karaciger kanseri ile, [6semi ve mye-
lom hiicre dizileri iizerine yapilan arastirmalar mevcuttur
(Chen ve ark., 2021). Ozellikle, M. alba metanol ekstraktlari
ile yapilan caligmalarda, ekstrelerin antiproliferatif etkileri
oldugu gosterilmis; kolon ve mide kanserinde yapilan hiicre
dizisi ¢calismalarinda, en etkin ekstrenin kokten hazirlananlar
oldugu bildirilmis, bunu sirasiyla yaprak, dal ve meyve izle-
mistir (Chon ve ark., 2009).

Gastrointestinal sistem kanserleri diinyadaki en yaygin kan-
ser tlirlerinden biridir (Pourhoseingholi ve ark., 2015; Sung
ve ark., 2021) ve yaygin olarak Helicobacter pylori 'nin mide
karsinogenezini tetikledigi Dbilinmektedir (Nishizawa ve
Suzuki 2015; Tan ve ark., 2018; Xiang ve ark., 2021).

Huang ve ark., (2011), 5 haftalik balb/c erkek farelerin 7 hafta
boyunca antosiyanin agisindan zengin M.alba dut meyvesi
ekstrakti ile beslenmesinden sonra, farelerde atipik glandiiler
hiicreler (AGS) tiimor ksenograft biiyiimesinin inhibe edildi-
gini bildirmislerdir ve bu sonuglar dut meyvelerinden elde
edilen antosiyaninlerin mide kanseri olusumunu 6énlemek i¢in
kullanilabilecegini diigiindiirmektedir.

M. nigra meyvesinin igerdigi biyoaktif bilesenlerden dolay1
antikanser etki gosterdigi ¢esitli ¢aligmalarda bildirilmistir
(de Padua Lucio ve ark., 2018; Lobo ve ark., 2010; Mujtaba
ve ark., 2021). Benzer sekilde kara dut meyvesinin icerigin-
deki siyanidin ve pelarginidin bilesenlerinin tiimor gelisimini
durdurucu etkisi ve kanser hiicrelerinin canliligim azaltict
etki gosterdigi rapor edilmistir (Cho ve ark., 2017). Cho ve
ark., (2017) yaptiklar1 caligmada meyvedeki siyanidin-3 gli-
kozidin MDA-MB-453 hiicrelerinde kanser olusturulmus disi
farelerde timor gelisimini durdurdugunu tespit etmislerdir.
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Kikuchi ve ark., (2010), Morus alba kok kabuklarindan elde
edilen Albanol A’nin insan 16semi hiicre dizisinde (HL60) ve
insan DNA topoizomeraz I ve II’de etkilerini incelediginde,
prokaspaz-3, 8 ve 9’un inhibe edildigini gosterirken, kaspaz
2,3, 8 ve 9 seviyesinde artis oldugunu saptamis ve bax/bcl-2
oraninda da artis oldugunu gostermistir. Caligmada, Albanol
A’nin, apoptozisi belirgin sekilde indiikledigini, hiicre dizisi
tizerinde sitotoksik 6zellik gosterdigini ve su anda losemi te-
davisindeki aktif kullanilan hedeflerden olan topoizomeraz I
ve Il {izerine inhibitor etki gosterdigini tespit etmislerdir. Bir
baska ¢alismada, M. alba’dan extrakte edilen flavonoit 4’ -O-
methylkuwanon E’nin, All-trans retinoik asit ile benzer kim-
yasal yapist olmasi {izerine insan monositik hiicre kiiltiirii
tizerine etkisi incelenmis ve sonugta doz bagimli biiyiime in-
hibisyonu ve p38 kinaz bagimli monositik diferansiasyon
gozlenmis ve toksik etki izlenmemistir (Kollar ve ark., 2015).

Kronik Lenfositik Losemi ile, en sik goriilen hematolojik ma-
lignite olan Multiple Myelom ile iliskili yapilan baska bir
hiicre dizisi ¢alismasinda, M. alba kok kabuklarindan elde
edilen ursolik asitin intraselliiler olarak hastalik patogene-
zinde 6nemli rol oynayan B-katenin, c-myc ve siklin d1’in
hiicre i¢i seviyelerini azalttig1 ve bdylece hiicre proliferasyo-
nunun engellendigi ve apoptozisin indiiklendigi gosterilmistir
(Song ve ark., 2021).

Hepatoprotektif Etki

M. alba ve M. nigra dut tiirlerinin meyve ekstraktlarinin ka-
racigeri koruyucu etkilerinin bildirildigi ¢alismalar bulun-
maktadir (Li ve ark., 2016; Youssef ve ark., 2017).

Dut meyvesi kabugunun (sikildiktan sonraki kati bilesen) an-
tosiyaninlerinin erkek Sprague Dawley siganlarinda karbon
tetrakloriir (CC14) ile indiiklenen karaciger fibrozu iizerin-
deki koruyucu etkisini arastiran bir ¢alismada, Li ve ark.,
(2016) dut meyve antosiyaninleri ile beslenen siganlarin
ALT, aspartat amino transferaz, kolajen tip-III hiyaliironidaz
asit ve hidroksiprolin diizeylerinde azalma oldugunu bildir-
mislerdir.

Chang ve ark., (2013) ise hiicre modeli olarak insan hepatom
hiicresi HepG2'yi kullanarak M. alba meyve antosiyanin
ekstraktlarinin (MAE) hepatosit lizerindeki koruyucu etkile-
rini ve mekanizmalarimi arastirdiklart ¢alismada, MAE"in
yag asidi sentezini baskiladigini ve yag asidi oksidasyonunu
artirarak oleik asit tarafindan indiiklenen lipid birikiminin iyi-
lesmesine katkida bulundugunu bildirmistir. Caligma kapsa-
minda, MAE'nin hipolipidemik etkilerinin, AMPK'nin (Ak-
tive Edici Protein Kinaz) fosforilasyonu, lipid biyosentezinin
inhibisyonu ve lipolizin uyarilmasi yoluyla meydana geldigi

ifade edilmistir. Bu nedenle, dut meyvelerinin alkol kullani-
mina bagli olmayan karaciger yaglanmasi hastaligini 6nleye-
bilecegi diisiiniilmektedir.

M. nigra sulu meyve ekstraktlarinin incelendigi bir hiicre kiil-
tirii (HepG2) calismasinda igerigindeki fenolik bilesenlerin
karacigerde toksin birikmesini dnledigi ve hepatoprotektif et-
kiye sahip oldugu bildirilmistir (Youssef ve ark., 2017).

Antioksidan, Sitotoksitite ve Oksidatif Strese Karst
Koruyucu Etki

Serbest radikaller viicuttaki biyolojik molekiillerin redoks
durumunu degistirerek oksidatif stresin artmasina neden ol-
maktadirlar. Ancak viicuttaki eksojen antioksidan seviyesi
arttirilir ise antioksidanlar, reaktif oksijen tiirlerinin ve reaktif
nitrojen tiirlerinin neden oldugu hasar1 6nleyerek serbest ra-
dikallerin neden oldugu oksidatif hasarin etkilerini ortadan
kaldirabilmektedirler (Memete ve ark., 2022). Buna bagli ola-
rak metabolik sendrom (kardiyovaskiiler hastalik, diyabet vb)
riskinin azalmasi ve bagisiklik savunmasinin artmasi sagla-
nabilmektedir.

M. nigra ve M. alba meyvelerinin antioksidan aktivitelerinin
karsilastirildig: farkli ¢aligmalarda M. nigramin M. alba’dan
daha yiiksek antioksidan kapasiteye sahip oldugu bildirilmis-
tir (Afran 2012; Sanchez-Salcedo ve ark., 2015).

Gecmis yillarda yapilan bir ¢alismada dondurularak kurutul-
mus dut meyvelerinin streptozotosin ile indiiklenmis Sprag
Dawley siganlarin eritrositlerindeki zararli oksidatif madde-
leri azaltarak anti-oksidatif savunma mekanizmasini gii¢len-
dirdigi bildirmistir (Hong ve ark., 2004). Tiirkiye’de yetisen
M. nigra meyve ve yapragmin antioksidan aktivitelerinin
farkl ¢oziicliler kullanilarak karsilastirildigi bir bagka calis-
mada en yiiksek antioksidan aktivitenin (%33.1) yapragin
metanol ekstraktinda gézlendigi bunu ise meyvenin metanol
ekstraktinin (%28.7 inhibisyon) takip ettigi bildirilmistir
(Yigit ve ark., 2008). Benzer sekilde, Sirbistan’da yetisen M.
nigra meyvesinin etanol, etanol-su ve su ekstraktinin antiok-
sidan aktivitesinin arastirildig1 bir diger ¢aligmada da etanol-
su karisiminin da %71.41 DPPH aktiviteye sahip oldugu ra-
por edilmistir (Kostie ve ark., 2013).

Farkli meyvelerin resveratrol igeriginden kaynaklanan anti-
oksidan aktivitelerinin incelendigi bir ¢alismada M.
rubra’nin en yliksek resveratrol igerigine ve Java erigi
(Syzygium cumini) ile Jak meyvesi (Artocarpus heterophyl-
lus)’den daha fazla antioksidan aktiviteye sahip oldugunu bil-
dirmistir (Shrikanta ve ark., 2015).

Mahmood ve ark., (2017) dut meyvesinin farkl tiirlerinin an-
tioksidan aktiviteleri tizerine olgunlagsma diizeyi ve kurutma
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tiplerinin etkisini inceledikleri ¢alismalarinda M. alba ve M.
nigra'nin antioksidan aktivitesinin olgunlagma ilerledikce art-
tigin1, bununla birlikte havali kurutucularda kurutulan tama-
men olgunlagmis dut meyvesinin daha yliksek antioksidan
aktiviteye sahip oldugunu bildirmislerdir.

Dut meyve ekstraktinin insan karacigeri HepG2 hiicrelerinde
etil karbamat (EC) kaynakl sitotoksititeye kars1 koruyucu et-
kisini arastiran bir ¢aligmada, Chen ve ark., (2017),
M.alba dut meyvesi ekstrakt tedavisi (0.5 mg/mL, 1.0
mg/mL ve 2.0 mg/mL) ile hiicre canliliginda azalma olmadi-
gin1 bildirmislerdir. Bu nedenle arastirmacilar, dut meyvele-
rinin EC kaynakli sitotoksisite ve oksidatif strese karsi ko-
ruma saglamak i¢in kullanilabilecegini 6ne slirmiislerdir.

M. alba dut meyvesi tiikketiminin farelerde anti-yorgunluk ak-
tivitesi lizerindeki etkisini arastiran Jiang ve ark., (2013), dut
meyvelerindeki antosiyanin varliginin, egzersize bagl oksi-
datif stresi ve fiziksel yorgunlugu azaltmak i¢in bir antioksi-
dan gorevi gorebilecegini ileri stirmiislerdir.

Beyin Hasarina Karsi Koruyucu (Noroprotektif) Etki

Esansiyel yag asitleri (omega 3, omega 6), norol
fonksiyonlarin giiclendirilmesinde gerekli olan
hormonlardan eikozanoidlerin (tromboksanlar, l6kotrienler
ve prostaglandinlerin) iiretilmesinde goérev almaktadirlar
(Feng ve ark., 2015). Dut meyvesi icerigindeki esansiyel yag
asitlerinin beyin aktivitesini giiclendirici, LDL degerini
diigiirticii ve kolesterolden kaynakli nérotoksisite olusumunu
engelleyici etkisi oldugu rapor edilmistir (El-Sayyad 2015).
Yang ve ark., (2016) farkli olgunluklardaki M. alba
meyvesinin  noroprotektif  aktivitesini  tip-2  diyabet
indiiklenmis C57BL6/J fareler kullanarak arastirmis ve
olgunlagmis meyvelerin néroprotektif aktivitesinin en yiiksek
oldugunu bildirilmistir.

Kang ve ark., (2006), dut (Morus alba L.) meyve ekstraktla-
rindan izole edilen C3G'nin in vitro hidrojen peroksite maruz
kalan canlilarda PC12 hiicreleri iizerinde sitoprotektif bir etki
ve oksijen glikoz yoksunlugunun neden oldugu serebral iske-
mik hasar tlizerinde bir néroprotektif etki gosterdigini bildir-
mistir. Bu nedenle, dut meyvelerinin in vivo ve in vitro iske-
mik oksidatif stresin ndroprotektif etkileri oldugu ileri siiriil-
mektedir.

Yiiriitiilen farkli bir calismada Alzheimer hastaliginin arasti-
rilmasinda kullanilan APP/PS1 transgenetik farelere 1.5-3
hafta boyunca M. alba ekstrakti (100 mg/kg viicut agirligi)
verilmis ve sonrasinda yapilan histolojik analizler ile meyve
ekstraktinin farelerdeki korteks ve hipokampus dokularinda
AP plaklarinin ve néron apoptozunu azalttig1 tespit edilmistir
(Liu ve Du 2020).
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Shin ve ark., (2021) Morus alba ekstraktinin oksidatif stresin
uygulandig1 hipokampal ndronal HT-22 hiicrelerindeki ve
skopolaminin indiiklendigi hafiza bozuklugu olan farelerdeki
noroprotektif etkisini analiz etmislerdir. Elde edilen sonug-
larda meyve ekstraktlarimin TrkB/Akt yolunun aktivasyo-
nunu stabilize ederek beyin-tiirevli norotrofik faktér (BDNF)
ve antioksidan enzimlerin ekspresyonunu diizenleyerek noro-
nal hiicreleri oksidatif stres kaynakli apoptoza kars1 korudu-
gunu gostermislerdir (Shin ve ark., 2021).

Sonugclar ve Gelecek Arastirmalari

Kendine has rengi, tad1 ve aromasi ile gida endiistrisinde
o6nemli bir yer tutan dut meyvesi, basta flavonoller, antosiya-
ninler, flavanonoller ve fenolik asitler olmak {izere zengin bir
mineral ve vitamin kaynagidir. Epidemiyolojik caligmalar,
iizimsii meyvelerden 6zellikle dut meyvesinin kullanildig:
diyetlerin biyoaktif bilesenlerinden dolay1 antidiyabetik, an-
tioksidan, noroprotektif, hipolipidemik, anti-obezite, anti-inf-
lamatuar, hepatoprotektif, antiparkinson, anti-tiimor- anti-
kanser, antimikrobiyal etkileri oldugunu ve bagisikligin art-
masina olumlu katki sagladigini gostermektedir.

Son yillarda, bogiirtlengillerden dut tiirlerinin iiretimi diinya
capinda artig gostermektedir. Bu durum gida ve saglik en-
diistrisinin dut meyvesinin sagliga faydalarin1 daha detayl
aragtirmasi i¢in dnemli bir firsat yaratmaktadir. Dut meyvesi-
nin bilesimindeki antosiyaninler, alkaloidler, flavonoidler ve
polifenoller gibi biyoaktif bilesiklerin miktar1 ve bilegimi tiir-
lere, cesitlere ve hatta ayni tiirlin farkli renklerine gore degis-
mektedir.

Yiizyillardir dut agacinin yapraklari, kabugu, kokleri ve mey-
veleri geleneksel olarak seker hastaligi, yliksek tansiyon, ka-
raciger, bobrek ve g6z hasarlarini tedavi etmek icin cesitli
dozlarda cay seklinde kullanilmigtir. Bununla birlikte, sinirl
sayida in vivo (hayvan ve klinik) ¢alisma olmasi nedeniyle,
dut tiirlerinin 6nerilen giinliik alim miktar1 (dozaj1) ve tedavi
stiresi ile ilgili yeterli bilimsel kanit olmadigindan tiiketici gii-
venligini degerlendirmek zordur.

Sonug¢

Sonug olarak, bazi dut tiirleri ve ¢esitlerinin biyoaktif bilesik-
leri ve bunlarin farmakolojik etkileri in vitro olarak ¢alisilmis
olmasina ragmen, dut meyvesi giinliik tiikketim miktari, tedavi
icin tiikketim stiresi ile saglik arasindaki nedensel iligkiyi kur-
mak i¢in daha detayl klinik ¢aligmalara ihtiyag vardir.
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Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gercek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmiglerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
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0z

Beslenme aligkanliklarinin bagirsak mikrobiyotasini etkiledigi bilinmektedir. Son déonemlerde be-
sin aliminin gesitliliginden ziyade besin alinan zamanin mikrobiyota iizerine etkisine odaklanilmis
ve bunun mikrobiyomu etkiledigi goriilmiistiir. Aralikli orucun mikrobiyotadaki yararli mikroor-
ganizmalar artti1, patojen mikroorganizmalar1 azalttig1 rapor edilmis olsa da etki mekanizmasi
tam olarak aciklanamamistir. Bu derlemenin amaci aralikli oru¢ ve mikrobiyota iliskisini incele-
yen giincel ¢alismalart yorumlamaktir.

Anahtar Kelimeler: Aralikli orug, Bagirsak beyin ekseni, Beslenme, Mikrobiyota

ABSTRACT
The effect of intermittent fasting on gut microbiota

Nutritional habits are known to affect the gut microbiota. Recently, it has been focused on the
effect of the time taken in food on the microbiota rather than the variety of food intake, and it has
been seen that this affects the microbiome. Although it has been reported that intermittent fasting
increases beneficial microorganisms in the microbiota and decreases pathogenic microorganisms,
its mechanism of action has not been fully explained. The purpose of this review is to interpret
current studies examining the relationship between intermittent fasting and microbiota.
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Giris
Aralikli Orucg

Beslenmenin insan sagligini yakindan ilgilendirdigi eski ¢ag-
lardan bilinmektedir. Son zamanlarda kiiresel hastalik yiikii-
niin artmasi ile bu hastaliklarin tedavisinde enerji alimmin
veya besin alinan zamanin kisitlanmasina giden bir takim
beslenme tedavileri uygulanmaktadir (Di Daniele, 2019). Bu
uygulamalardan popiilerligini koruyan aralikli aglik diyetleri;
dontistimlii a¢lik, zaman kisitl beslenme ve 6zellikle Miislii-
man toplumlarin dini geregi tuttuklar1 Islami orug olarak si-
niflandirilmaktadir (Mirmiran ve ark., 2019).

Aralikli aclik diyetlerinin ¢ikis noktasi 5:2 oraninda beslen-
meyi 6n goren diyetlerdir. Buna gore bireyler haftanin 5 giinii
normal beslenirken diger 2 giiniinde ise kadinlar 500
kkal/giin; erkekler ise 800 kkal/giin ve altinda enerji alirlar
(Yumuk ve ark., 2015). Donlisiimlii aglik bireylerin besinleri
istedikleri miktar ve zamanda istedikleri gibi tiikettikleri bes-
lenme giinlerinden sonra doniisiimlii olarak ihtiya¢ duydugu
enerjinin sadece %25 ini tiikkettikleri aglik giinlerini icermek-
tedir (St Onge ve ark., 2017). Zaman kisith beslenme genel-
likle 8 saatlik yeme igmenin serbest oldugu zaman diliminden
sonra 16 saatlik siire i¢ginde yeme igmenin tamamen kesildigi,
giiniimiizde de siklikla uygulanan beslenme ¢esididir (Longo
ve Mattson, 2014). Islami orug ise Miisliiman toplumlara gore
her yilin farkli donemlerine denk gelen Ramazan ayinda, bir
giin icerisindeki imsak vakti ile giines batimina kadar gegen
siireyi Allah’in emirleri dogrultusunda yemeden, igmeden vb.
birtakim hususlardan uzak durarak ge¢irmektir (Patterson ve
Sears, 2017). Ramazan ayinda orug siiresi mevsimsel ve cog-
rafik farkliliklara gore 29-30 giin ve 12-22 saat arasinda de-
gismektedir. Orug a¢ kalinan siire ile kiyaslandiginda zaman
kisith beslenme ile benzerlik gostermektedir.

Bu tarz beslenme programlarinda yemek yeme zamanindaki
degisiklikler ve beslenme kalitesinin degismesi ile viicutta
birtakim degisiklikler meydana gelmektedir. Ramazan orucu-
nun lipit parametrelerini olumlu yonde etkileyerek koroner
kalp hastaligi riskinin azaltilabilecegi rapor edilmistir
(Akanji ve ark., 2000). Buna karsilik Ramazan ayinda gerek
uzun siireli aghiga karsilik yag dokusundan serbest yag asidi-
nin fazla salinmasi (Aybak ve ark., 1996) gerekse de Rama-
zan ayinda toplam yag ve karbonhidrat aliminda artig olmasi
nedeniyle serum trigliserit diizeylerinde artig oldugunu gos-
teren calismalar da mevcuttur (El Ati ve ark., 1995). Benzer
olarak aralikli aclik diyetlerinin kan glikoz seviyelerinin ko-
runmasi, viicuttaki glikojen depolarinin azaltilmasi, keton
olusumu, leptin seviyelerinin azalmas: ve adiponektin sevi-
yelerinin yiikselmesi gibi metabolik degisiklikleri {izerine ¢a-
lismalar da mevcuttur (Harvie ve ark., 2011).
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Saglikl bireyler iizerinde yapilan ¢alismalarin degerlendiril-
digi bir meta analizde Ramazan orucunun erkeklerde kadin-
lara kiyasla viicut agirligi ve bazi biyokimyasal parametre-
lerde daha yararli saglik sonuglart gelistirdigi bildirilmistir.
Buna gore her iki cinsiyette LDL kolesterol ve aclik kan se-
keri diizeyleri azalirken; kadinlarda viicut agirligi, toplam ko-
lesterol ve trigliserit seviyelerinin arttig1, erkeklerde toplam
kolesterol, LDL kolesterol ve viicut agirliginda énemli bir
azalma olurken trigliserit diizeylerinde kii¢iik bir diisiis ya-
sandig1 bildirilmistir (Kul ve ark., 2014). Mirmiran ve ark.
(2019) yaptiklar1 bir meta analizde Ramazan ayindaki aralikli
orucun lipit ve lipoprotein parametrelerinde iyilesme goster-
digini rapor etmistir. Fernando ve ark. (2019) meta analiz ¢a-
ligmasinda Ramazan orucunun hafif sisman ve sisman birey-
lerde yag yiizdesi ve viicut agirliginda 6nemli bir azalma sag-
ladigin1 gostermistir. Bu 6zelligi ile orucun obezite tedavisi
ve olusumunun 6nlenmesinde etkili olabilecegi diisiiniilebi-
lir.

Aralikli orugta uzun siireli aglik beraberinde otofajiyi dogu-
rur. Otofaji, hiicrenin uzun siireli aclikla kars1 kargiya kalmasi
durumunda besin elde etmek i¢in hiicre i¢i yapilarinin parga-
lanmasi olayidir. Besin yoklugunda otofajinin gerekli ihtiyag-
lar1 karsilayarak hiicre i¢ dengesinin korunmasinda onemli
bir faktor oldugu bildirilmistir (Ohsumi, 2001; Shintani ve
Klionsky, 2004). Ayrica otofajinin metabolizmanin diizen-
lenmesi, hiicre farklilagmasi, hiicre yaslanmasi ve oliimii,
hiicre ici patojenlerin yikilarak bagisiklik sisteminde énemli
bir etkiye sahip oldugu yoniinde ¢aligmalar da mevcuttur (Mi-
zushima ve ark., 2008). Orucun insan saglig1 tizerine etkileri-
nin popiilerligi giinden giine artmaktadir. Ozellikle Japon bi-
lim adam1 Yoshinori Ohsumi’nin uzun yillar yaptig1 ¢aligma-
lar sonucu a¢ kalmanin hiicrelerin sindirimden ¢ok, kendini
yenilemeye uyum saglayarak viicut direncini arttirdigini gos-
termesi (Takeshige ve ark., 1992; Tsukada ve Ohsumi 1993;
Mizushima ve ark., 1998; Ichimura ve ark., 2000) ve bu ¢a-
lismalar sayesinde 2016 yilinda Nobel Odiilii almas1 konuya
ilgiyi arttirmistir (Anonim, 2016).

Mikrobiyota

Genel anlamiyla mikrobiyota bakteri, mantar, arkealar, viriis
ve protozoanlar gibi ¢esitli mikroorganizma popiilasyonunun
belirli bir yeri kolonize etmesi olarak tanimlanmaktadir.
Bagka bir deyisle viicudumuzun deri, agiz, bosaltim sistemi,
akciger ve gastrointestinal sistemin (GIS) farkli bolgelerinde
yasayan mikroorganizmalarin timiidir ve bu mikroorganiz-
malarin konakg1 tizerinde onemli faaliyetleri mevcuttur (Se-
kirov ve ark., 2010).
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Insan mikrobiyotasinin kendi hiicre say1sinin yaklasik 10 kat
kadar yani 100 trilyondan fazla simbiyotik mikroorganizma
tarafindan kolonize edildigi diisiiniiliirken (Qin ve ark., 2010)
yakin tarihte bu sayinin 1,3 kati kadar oldugu tespit edilmistir
(Sender ve ark., 2016). Viicudun her bdlgesi farkli sayida
mikroorganizma barindirirken, bu bolgeler arasinda en cesitli
bakteri popiilasyonu bagirsaklarda bulunmaktadir (Human
Microbiome Project 2012; Blum 2017). Yetiskin bir insanin
ortalama ince bagirsak yiizolgiimii 400 m*’dir. Yaklasik ola-
rak 6 metre uzunlugunda olan ince bagirsak ve 1,5 metre
uzunlugundaki kolon, biitiin mikrobiyotanin %70’ini barin-
dirmaktadir. Bagirsak mikrobiyotasinin toplam agirlign 1-2
kg kadardir ve bu kiitlenin 6nceleri yaklagik 500-1000 mik-
roorganizma tiirli barindirdig: diisiiniiliirken (Ramakrishna ve
Krishnan, 2007) bu sayinin 35.000°den fazla oldugu bildiril-
mistir (Frank ve ark., 2007). GiS’te toplam 10" - 10" mikro-
organizma oldugu diisiiniilmektedir (Gill ve ark., 2006). Ay-
rica, toplam bakteri genleri perspektifinden tanimlanirsa, In-
san Mikrobiyom Projesi ve Insan Bagirsak Yolunun Metage-
nomu (MetaHIT) ¢aligmalari, insan mikrobiyomunda 10 mil-
yondan fazla gen olabilecegini disiindiirmektedir (Qin ve
ark., 2010).

Her ne kadar bagirsak mikroorganizmalari konak¢inin bagi-
siklik sistemi tarafindan patojen olarak goriilse de bagirsak
bakterilerinin ¢ogu patojenik degildir, aksine enterositlerle
birlikte simbiyotik bir iliski i¢indedirler. ABD insan Mikro-
biyom Projesi (HMP) (Human Microbiome Project, 2012) ve
Avrupa Insan Bagirsak Yolu Metagenomikleri (MetaHIT)
(Qin ve ark., 2010) ¢aligmalar1 saglikl bir bagirsak florasinin,
insanin genel sagligi ile yakindan iliskili oldugunu kanitla-
mistir.

Yetiskin bir bireyin bagirsak mikrobiyota kompozisyonu dort
biiyiik grubu icermektedir. Bunlar Firmicutes, Bacteroidetes,
Actinobacteria ve Proteobacteria (Tablo 1) olup; intestinal
mikrobiyotasmin yaklasik %95’ini Firmicutes ve Bacteroi-
des’ler olusturur (Claesson ve ark., 2011; Mariat ve ark.,
2009).

Bagirsak mikrobiyotasi beslenme, yasam tarzi, egzersiz,
stres, antibiyotik kullanimi gibi birgok faktdrden etkilenmek-
tedir. Modern insanla en az temas etmis, hi¢ islenmis gida tii-
ketmeyen, hi¢ antibiyotik kullanmamuis, cep telefonu maruzi-
yeti olmayan en ilkel yagsam bi¢imine sahip Kizilderililer’den
Yanomami Kabilesi’nin mikrobiyotasinin incelenmesi so-
nucu, modern insanlarin yaklasik %30’luk bir mikrobiyom
kaybi1 yasadigi ortaya konmustur (Clemente ve ark., 2015).

Tablo 1. Yetigkin Bir Bireyin Temel Bagirsak Mikrobiyota
Kompozisyonu (Tap ve ark., 2009)

Table 1. Basic Gut Microbiota Composition of an Adult Individual
(Tap et al., 2009)

Bakteri Alemi Bakteri Cinsi
Firmicutes Clostridium, Ruminoccoccus,
(cogunlugu Gram +) Eubacterium, Roseburia,

%79.4 Ruminococcus, Butyrivibrio,
Feacalibacterium, Lactobacillius

Bacteroidetes Porphyromonas, Prevotella

(Gram -) %16.9

Actinobacteria Bifidobacterium

(Gram +) %2.5

Proteobacteria Eschericia coli enetobacteriaceae

(Gram -) %1

Bagwsak Beyin Ekseni

Bagirsak mikrobiyatas: ve beyin birbiriyle ¢ift yonlii ileti-
simde olan iki sistemdir. Cift yonlii bu iletisim bagirsak mik-
robiyatasinin beyinden etkilenmesini i¢erdigi kadar; bagirsak
mikrobiyatasinin da beyni etkilemesi anlamina gelmektedir.
Beyin ve bagirsak etkilesimine dair birgok bilgi GIS’te bulu-
nan bakteriler iizerinden elde edilmektedir (Morais ve ark.,
2020).

Viicuda alinan ve sindirilemeyen posa ve prebiyotik besinler
bagirsak mikrobiyotasinda bulunan mikroorganizmalar tara-
findan fermente edilerek kisa zincirli yag asitleri (KZYA)
olusturulur. Bu KZYA beyni yoneten ndrotransmitter salgi-
lanmasinda goérev alir. Bu 6nemli norotransmitterlerin ba-
sinda dopamin, serotonin, asetilkolin ve gama amino biitirik
asit (GABA) gelir. Biiyiik ¢cogunlugu bagirsaklarda tiretilen
bu ndrotransmitterler Nervus Vagus siniriyle beyne iletilir.
Bu iletiye tam olarak bagirsak beyin ekseni denilmektedir. Bu
norotransmitterler hipotalamus, hipofiz ve bobrek iistii bezle-
rinin ¢aligmasinda gorev almaktadir. Bu bélgelerin dogru ¢a-
ligmamasi viicutta kortizol salinimina neden olarak kronik
inflamatuar hastaliklarin (diyabet, hipertansiyon, inme, meta-
bolik sendrom vb.) olugsmasina neden olmaktadir (Martin ve
ark., 2018).

Viicutta dopamin saliniminin azalmasi Parkinson (Zhang ve
ark., 2022); serotonin saliminin azalmasi depresyon, anksi-
yete, unutkanlik (Huang ve Wu, 2021; Liu ve ark., 2021); ase-
tilkolin salinimimin azalmast Alzheimer (Doifode ve ark.,
2021; Qian ve ark., 2021) ve GABA saliniminin azalmasi fib-
romiyaljiye (Clos-Garcia ve ark., 2019) neden olmaktadir.
Kortizol iiretimini azaltan 6nemli nérotransmitter GABA’dir
(McCarroll ve ark., 2019).

&9
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Diinya Saglik Orgiitii (DSO) tarafindan viicutta saglig1 boza-
cak derecede asir1 yag birikimi olarak tanimlanan obeziteden
diinyada yaklasik 600 milyon yetiskin ve 100 milyon ¢ocu-
gun etkilendigi bilinmektedir (GBD 2015 Obesity Collabora-
tors, 2017). Obezite 6zellikle Tip2 Diyabetes Mellitus (DM),
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jen ve yararli bakteriler arasindaki dengenin bozulmasiyla
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Sekil 1. Bagirsak Beyin Ekseni (Aydm ve Tuli, 2021)

Figure 1. Intestinal Brain Axis (Aydin and Tuli, 2021)
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Aralikli Orug¢ ve Mikrobiyota liskisi

Aralikl orug genellikle ne yenildiginden ziyade ne zaman ye-
nildigine odaklanir. Genel olarak diglanan bir besin olma-
makla birlikte calismalar aralikli oru¢ diyetlerinde alinan
enerjinin normal beslenmeye kiyasla %25-30 oraninda azal-
digmi rapor etmektedir. Bu durum viicut agirligi kaybi sag-
larken beraberinde bir takim metabolik degisiklikleri de ge-
tirmektedir (Most ve ark., 2017). Bunlardan bir tanesi de in-
sanin genel sagligiyla yakindan iligkili olan mikrobiyotadaki
degisimlerdir.

Tablo 2’de bagirsak mikrobiyotas1 ve aralikli orug ile ilgili
calismalar ve bu ¢alismalardan elde edilen sonuglar 6zetlen-
mistir. Aralikli oru¢ ve mikrobiyota iliskisini inceleyen ilk
caligmalar 2017 yilinda yayimmlanmistir. Buna gore aralikli

oru¢ beyaz yag dokusunu azaltirken bej yag dokusunu arttir-
makta; Firmicutes, Bacteroidetes, Actinobacteria, Tenericu-
tes ve Firmicutes/Bacteroidetes bollugunu arttirmaktadir (Li
ve ark., 2017). Beli ve ark. (2018) tarafindan 7 ay siiren bir
caligmada aralikli orucun Firmicutes bakterilerinde artisa ne-
den olmasina karsin diyabetik retinopati belirteglerinde an-
laml1 bir iyilesme sagladigi gosterilmistir. Wei ve ark. (2018)
8 haftalik ¢aligmasinda da benzer sonuglar gosterilmis olup,
DM belirteglerinde iyilesme oldugu gosterilmistir. Ulke-
mizde 2019 yilinda yayinlanan bir ¢alismada aralikli orugla
Akkermansia Muciniphila ve Bacteroides Fragilis mikroor-
ganizmalarinda artis gbzlemlenirken aclik glikoz ve total ko-
lesterolde diisiis yasandig1 (Ozkul ve ark., 2019), yakin tarihli
yapilan bir ¢alismada da benzer sonuclara ek olarak norot-
ransmitter salgilanmasinda gorev alan KZY A salimiminda ar-
tis oldugu rapor edilmistir (Guo ve ark., 2021).

Tablo 2. Aralikli Orug ve Mikrobiyota Iliskisini Inceleyen Calismalarin Genel Ozeti

Table 2. Summary of Studies Examining the Relationship between Intermittent Fasting and Microbiota

Calisma Yil Hedef

Tipi

Kaynak

Miidahale
Siiresi

Miidahalenin Etkisi

Hayvan Li ve ark. 2017

Bagirsak mikrobiyotasi

| Beyaz yag dokusu

1 Bej yag dokusu

| Obezite

1 Firmicutes

1 Bacteroidetes

1 Actinobacteria

1 Tenericutes

1 Firmicutes/Bacteroidetes

30 giin

Hayvan Beli ve ark. 2018

Bagirsak mikrobiyotast
Diyabetik retinopati (DR)

7 ay 1 Firmicutes

| Bacteroidetes

| Verrucomicrobia

| DR ug noktalar1

| Lokosit infiltrasyonu
| TNF-a mRNA

| Bagirsak miisini

1 Goblet hiicre say1si

1 Villus uzunlugu

1 Plazma peptidoglikan

Hayvan Cignarella 2018

Bagirsak mikrobiyotasi

4 hafta | Yag kiitlesi

| Yagsiz kiitle

1 Bagirsak bakteri zenginligi

1 Lactobacillaceae

1 Bacteroidaceae

1 Prevotellaceae

1 Antioksidatif mikrobiyal meta-
bolik yollar

| IL-17 iireten T hiicreleri

1 Diizenleyici T hiicreleri

Hayvan Wei ve ark. 2018

Bagirsak mikrobiyotasi

8 hafta | Kan sekeri
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DM

1 Insiilin duyarlilig:

1 B hiicre fonksiyonunda iyilesme
| Prevotellaceae

| Alistipes

| Ruminococcaceae

1 Parabacteroides

1 Blautia

Hayvan Li ve ark.

2019

Bagirsak mikrobiyotasi

30 giin

1 Bacteroides
1 Akkermansia
1 Erysipelotrichaceae

Hayvan Deng ve ark.

2020

Bagirsak mikrobiyotasi
Lipid profili

30 giin

| Viicut agirhigi
| Firmicutes/Bacteroidetes
1 Allobaculum

Hayvan Li ve ark.

2020

Bagirsak mikrobiyotast

1 ay

1 Akkermansia
| Alistipes

Hayvan Liu ve ark.

2020

Bagirsak mikrobiyotasi
DM

28 giin

| Insiilin direnci

| Bilissel bozukluk
| Beyaz yag dokusu
| Adiposit

| Plazma LPS

1 Lactobacillus

1 Odoribacter

Hayvan Shi ve ark.

2021

Bagirsak mikrobiyotasi
Kan basinci

10 hafta

1 Mikrobiyotada iyilesme
| Kan basinci

Insan Ozkul ve ark.

2019

Bagirsak mikrobiyotasi

29 giin

1 Akkermansia muciniphila
1 Bacteroides fragilis

| Aclik glikozu

| Total kolesterol

Insan Guo ve ark.

2021

Bagirsak mikrobiyotasi
Kardiyometabolik risk
faktorleri

8 hafta

| Yag kiitlesi

| Oksidatif stres

| Inflamatuar sitokinler

1 Vazodilator parametreler
1 KZYA {iretimi

| Lipopolisakkarit

1 Mikrobiyotada iyilesme

Insan Su ve ark.

2021

Bagirsak mikrobiyotasi

30 giin

| Viicut agirhigi

1 Bagirsak mikrobiyotasinin gesit-
liligi

1 Lachnospiraceae
1 Firmicutes

1 Clostridiales

| Bacteriodes

| Prevotellaceae

1T AST

| ALT

TAST/ALT
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Smirl sayidaki ¢aligma aralikli orucun bagirsak mikrobiyo-
tas1 lizerine olan temel mekanizmasini tam olarak aciklaya-
mamaktadir. Bagirsak mikrobiyotamizin énemli bir bileseni
olan Akkermansia muciniphila’nin mukoza tabakasina giiglii
bir sekilde yapigtigi (Derrien ve ark., 2004), diger mikroorga-
nizmalara oranla diyet degisiklikleri ve degisen diskilama
aligkanliklarindan daha az etkilendigi; diger bakteri gruplari-
nin tiikenmesine bagli olarak daha bol hale geldigi seklinde
yorumlanmustir (Ozkul ve ark., 2019). Benzer olarak aralikli
orucun Lachnospiraceae tiirlerinde bolluk sagladigi ve
Lachnospiraceae’nin Clostridiales ile insan bagirsagindaki
butirojenezin ana kaynagi olusturdugu rapor edilmistir (Su
ve ark., 2021) ancak bu bollugun tam olarak nasil saglandigi
aciklanamamustir. Bu gibi sonuglar mikrobiyotanin biitiin bi-
lesenleri igin de gegerli degildir. Beslenme periyotlar1 kadar,
tilketilen besinlerin igeriginin; CHO, yag, protein ve 6zellikle
posanin mikrobiyotayr etkiledigi bilindiginden tek basina
aralikli orucun etkisi agiklanamamaktadir.

Sonu¢

Aralikli orug diger diyet tiirlerinde oldugu gibi belirli bir pro-
sediire dayanmaktadir. Buna gore aralikli orucun temeli gii-
niin tlicte birlik zamaninda yeme igmenin serbest oldugu {igte
ikilik boliimiinde ise sinirlandirildig1 bir protokole dayanir.
Bu tarz beslenme programi kisinin fizyolojik durumuna, ya-
sina, cinsiyetine, giinliik beslenme bigimine ve kiiltiirel 6zel-
liklere gdre uygulanabilir.

Aralikli orucun bagirsak mikrobiyotasina etkisi yapilan ¢alis-
malara ragmen heniiz tam olarak netlestirilememistir. Ara-
likli orucun Lactobacillus ve Akkermansia gibi agirlik kaza-
niminin 6niine gegen mikroorganizmalarin artisini saglayarak
viicut yagini kontrol edip, insiilin duyarliligini iyilestirdigi ve
obezite ile ilgili diger metabolik degisiklikleri diizenledigi ra-
por edilmistir.

Genel olarak aralikli orucun bagirsak mikrobiyotasindaki ya-
rarli mikroorganizmalarin sayisini artirip, patojen mikroorga-
nizmalarin sayisini azaltarak modifiye ettigi yoniinde ¢alis-
malar olsa da gerek ¢aligmalarin gerekse caligsmalardaki kati-
limci sayisinin az olmasi bu konunun daha detayli olarak bii-
yiik 6rneklem sayistyla galisilmast gerektigini gostermekte-
dir. Ayrica caligmalarda mikrobiyota say1 ve gesitliligini et-
kileyen besinlerin (makro ve mikro besin igerigi) kompozis-
yonu ve biyoyararlaniminin net olmamasi bu konudaki eksik-
liklerden sayilmaktadir.

Sonug olarak aralikli orucun mikrobiyota iizerindeki etkile-
rini inceleyen ¢alismalar oldukga kisith olmakla birlikte ara-
likl1 orucun uzun dénemdeki etkilerini arastiran mevcut bir
calisma da bulunmamaktadir. Daha biiyiik drnekleme sahip

yapilacak ayrintili ¢alismalar, aralikli oru¢ ve bagirsak mik-
robiyotasi arasindaki iligkinin daha iyi anlasilmasina yar-
dimci olacaktir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gercek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmiglerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
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tained following a detailed explanation of the procedures
that they may undergo. Information on patient consent, the
name of the ethics committee, and the ethics committee
approval number should also be stated in the Materials and
Methods section of the manuscript. It is the author’s re-
sponsibility to carefully protect the patients’ anonymity.
For photographs that may reveal the identity of the pa-
tients, signed releases of the patient or of their legal repre-
sentative should be enclosed.
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“FOOD and HEALTH” journal requires experimental
research studies on vertebrates or any regulated inverte-
brates to comply with relevant institutional, national,
and/or international guidelines. The journal supports the
principles of the Basel Declaration (https:/animalre-
searchtomorrow.org/en) and the guidelines published by
the International Council for Laboratory Animal Science
(ICLAS) (https://iclas.org/). Authors are advised to
clearly state their compliance with relevant guidelines.

“FOOD and HEALTH?” journal advises authors to com-
ply with the IUCN Policy Statement on Research In-
volving Species at Risk of Extinction and the Conven-
tion on the Trade in Endangered Species of Wild
Fauna and Flora for research involving plants.

Plagiarism

Submitted manuscripts that pass preflight are scanned for
plagiarism using iThenticate software. Authors will be no-
tified if plagiarism/self-plagiarism is detected. Editors can
resubmit the article for any peer review or similarity check
during production, if necessary. High similarity scores can
cause an article to be rejected before or even after it is ac-
cepted. Depending on the type of article and the percent-
age of similarity scores from each article, the overall sim-
ilarity score is generally expected to be less than 20%.

Double-Blind Referee Evaluation

After the plagiarism check, the editors evaluate the appro-
priate ones in terms of originality, methodology, the im-
portance of the subject, and suitability to the journal's
scope. The editor directs the submitted articles to a fair
double-blind peer review (submits the articles that comply
with official rules to at least two national/international ref-
erees for evaluation) and gives approval by managing the
processes for publication after they are modified by the
authors in accordance with the referees' rules.

Open Access Statement

The journal is an open-access journal and all its content is
freely available to the user or institution. Users are permit-
ted to read, download, copy, print, and search or link the
full texts of articles in this journal without prior permis-
sion from the publisher or author. This conforms to the
Budapest Open Access Initiative (BOAI)’s definition of
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open access.

Open-access articles in the journal are licensed under the
terms of the Creative Commons Attribution 4.0 Interna-
tional (CC BY 4.0) license.

Article Processing Fee

All journal processes are free of charge. No article pro-
cessing, submission, or publication fee is charged for sub-
mitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain copyright to
their work licensed under a Creative Commons Attribu-
tion 4.0 International license (CC BY 4.0) (https://crea-
tivecommons.org/licenses/by/4.0/), and Publisher retains
the exclusive right to publish the work. The CC BY 4.0
license permits unlimited distribution and reproduction in
any medium, provided that the original work is properly
cited.

The copyright of any open-access article in the "FOOD
and HEALTH" journal published on the "ScientificWeb-
Journals" web portal hosted by "DergiPark" belongs to
the author(s).

Author's Responsibilities
Reporting Standards

Authors should present an accurate account of the work
performed as well as an objective discussion of the signif-
icance of the reports of original research. Underlying data
should be represented accurately in the paper. The Manu-
script should contain sufficient detail and references to
permit others to replicate the work. Fraudulent or know-
ingly inaccurate statements constitute unethical behavior
and are unacceptable.

Data Access and Retention

Authors are asked to provide the raw data in connection
with a paper for editorial review and should be prepared
to provide public access to such data (consistent with the
ALPSP-STM Statement on Data and Databases).

Originality and Plagiarism

The authors should ensure that they have written entirely


https://animalresearchtomorrow.org/en
https://animalresearchtomorrow.org/en
https://iclas.org/
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.budapestopenaccessinitiative.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.stm-assoc.org/2006_06_01_STM_ALPSP_Data_Statement.pdf

FOOD

and
HEAIL'TH

original works, and if the authors have used the work
and/or words of others that should be appropriately cited
or quoted.

By submitting articles to "FOOD and HEALTH" journal,
the author attests to the following:

e Proper reference is provided for all contents ex-
tracted from other sources

e Strong action will be taken against cases of plagia-
rism

e All the papers submitted have to pass through an in-
itial screening and will be checked through the Ad-
vanced Plagiarism Detection Software (iThenticate,
etc.).

Multiple, Redundant or Concurrent Publication

An author should not publish manuscripts describing es-
sentially the same research in more than one journal or pri-
mary publication. Submitting the same manuscript to
more than one journal concurrently constitutes unethical
publishing behavior and is unacceptable.

Acknowledgment of Sources

Proper acknowledgment of the work of others must always
be given. Authors should cite publications that have been
influential in determining the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have made a
significant contribution to the conception, design, execu-
tion, or interpretation of the reported study. All those who
have made significant contributions should be listed as co-
authors. Where there are others who have participated in
certain substantive aspects of the research project, they
should be acknowledged or listed as contributors.

The corresponding author should ensure that all appropri-
ate co-authors and no inappropriate co-authors are in-
cluded on the paper and that all co-authors have seen and
approved the final version of the paper and have agreed to
its submission for publication.
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Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment
that have any unusual hazards inherent in their use, the au-
thor must clearly identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any finan-
cial or other substantive conflicts of interest that might be
construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project
should be disclosed.

Fundamental Errors in Published Works

When an author discovers a significant error or inaccuracy
in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and co-
operate with the editor to retract or correct the paper.

Responsibility for the Editor and Reviewers
General duties and responsibilities of the editor;

o Actively seek the views of authors, readers, review-
ers, and editorial board members about ways of im-
proving their journal’s processes

e Encourage and be aware of research into peer re-
view and ‘journalology’ and reassess journal pro-
cesses in the light of new findings

e Work to persuade their publishers to provide them
with appropriate resources, guidance from experts
(e.g. designers, lawyers) and adequate training to
perform their role in a professional manner and
raise the quality of their journal

e Support initiatives designed to reduce academic
misconduct

e Support initiatives to educate researchers about
publication ethics

o Assess the effects of their journal policies on author
and reviewer behavior and revise policies, as re-
quired, to encourage responsible behavior and dis-
courage misconduct



FO O D and
HEAIL'TH

e Ensure that any press releases issued by the journal
reflect the message of the reported article and put it
into context

Duties of Reviewers;

Contribution to Editorial Decisions: Peer review assists
the editor in making editorial decisions and through the
editorial communications with the author may also assist
the author in improving the paper.

Promptness: Any selected referee who feels unqualified
to review the research reported in a manuscript or knows
that its prompt review will be impossible should notify the
editor and excuse himself from the review process.

Confidentiality: Any manuscripts received for review
must be treated as confidential documents. They must not
be shown to or discussed with others except as authorized
by the editor.

Standards of Objectivity: Reviews should be conducted
objectively. Personal criticism of the author is inappropri-
ate. Referees should express their views clearly with sup-
porting arguments.

Acknowledgment of Sources: Reviewers should identify
relevant published work that has not been cited by the au-
thors. Any statement that an observation, derivation, or ar-
gument had been previously reported should be accompa-
nied by the relevant citation. A reviewer should also call
to the editor's attention any substantial similarity or over-
lap between the manuscript under consideration and any
other published paper of which they have personal
knowledge.

Disclosure and Conflict of Interest: Privileged infor-
mation or ideas obtained through peer review must be kept
confidential and not used for personal advantage. Review-
ers should not consider articles in which there are conflicts
of interest arising from competition, cooperation, or other
relationships or affiliations with any of the authors, com-
panies, or institutions affiliated with the articles and
should withdraw from the peer review process.
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Rules that Authors Must Follow in
Submitting Articles

All submissions are screened by similarity detection
software. The similarity rate in the articles to be sent
to the journal should be below 20%.

In the event of alleged or suspected research miscon-
duct, e.g., plagiarism, citation manipulation, and data
falsification/ fabrication, the Editorial Board will fol-
low and act in accordance with COPE guidelines.

Each individual listed as an author should fulfill the
authorship criteria recommended by the ICMJE.
The ICMIJE recommends that authorship be based on
the following 4 criteria:

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work;

2. Drafting the work or revising it critically for im-
portant intellectual content;

Final approval of the version to be published;

4. Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appro-
priately investigated and resolved.

In addition to being accountable for the parts of the
work he/she has done, an author should be able to iden-
tify which co-authors are responsible for specific parts
of the work. In addition, authors should have confi-
dence in the integrity of the contributions of their co-
authors.

All those designated as authors should meet all four cri-
teria for authorship, and all who meet the four criteria
should be identified as authors. Those who do not meet
all four criteria should be acknowledged on the title
page of the manuscript.

“FOOD and HEALTH” journal requires correspond-
ing authors to submit a signed and scanned version of
the copyright transfer, ethics, and authorship contribu-
tion form (available for download at

https://dergipark.org.tr/tr/download/journal-file/19582)
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during the initial submission process in order to act ap-
propriately on authorship rights and to prevent ghost or
honorary authorship. If the editorial board suspects a
case of “gift authorship,” the submission will be re-
jected without further review. As part of the submis-
sion of the manuscript, the corresponding author should
also send a short statement declaring that he/she accepts
to undertake all the responsibility for authorship during
the submission and review stages of the manuscript.

“FOOD and HEALTH” journal requires and encour-
ages the authors and the individuals involved in the
evaluation process of submitted manuscripts to disclose
any existing or potential conflicts of interest, including
financial, consultant, and institutional, that might lead
to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study
from individuals or institutions should be disclosed to
the Editorial Board. To disclose a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Dis-
closure Form should be filled in and submitted by all
contributing authors. Cases of a potential conflict of
interest of the editors, authors, or reviewers are re-
solved by the journal’s Editorial Board within the
scope of COPE and ICMJE guidelines.

When using previously published content, including
figures, tables, or any other material in both print and
electronic formats, authors must obtain permission
from the copyright holder. Legal, financial and criminal
liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts
published in the “FOOD and HEALTH” journal re-
flect the views of the author(s) and not the opinions of
the editors, the editorial board, or the publisher disclaim
any responsibility or liability for such materials. The fi-
nal responsibility in regard to the published content
rests with the authors.

Manuscript Preparation

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation sys-
tem, available at

http://dergipark.gov.tr/journal/1 646/submission/start

Biot

c

Manuscripts submitted to the journal will first go
through a technical evaluation process where the edito-
rial office staff will ensure that the manuscript has been
prepared and submitted in accordance with the jour-
nal’s guidelines. Submissions that do not conform to
the journal’s guidelines will be returned to the submit-
ting author with technical correction requests.

Authors are required to submit the following forms dur-
ing the initial submission.

e Copyright Transfer, Ethic, Authorship Contri-
bution Forms (one pdf file available from
https://dergipark.org.tr/tr/download/journal-
file/19582)

e ICMIJE Potential Conflict of Interest Disclo-
sure Form (should be filled in by all contrib-
uting authors) Download this form from
http://www.icmje.org/conflicts-of-interest/  fill
and save. Send this to the journal with your other
files.

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes, fig-
ures, efc.), and tables in the one main text (word office
file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), normally 3-6 items
Introduction

Material and Methods

Results and Discussion

Conclusion
Compliance with Ethical Standards
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e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organizations or people
working with them, a conflict of interest may arise that
may affect your research. A full description is required
when you submit your article to a journal.

Ethics committee approval: Ethical committee approval
is routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the approval
of the ethics committee, and the authors may argue that
they do not need the approval of their work. In such situa-
tions, we consult COPE’s “Guidance for Editors: Re-
search, Audit and Service Evaluations” document and
evaluate the study at the editorial board and decide whether
or not it needs approval.

Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

e Disclosure: Explanations about your scientific / article
work that you consider ethically important.

References
Tables (all tables given in the main text)
Figures (all figures/photos given in the main text)

Manuscript Types

Original Articles: This is the most important type of
article since it provides new information based on orig-
inal research. The main text should contain “Intro-
duction”, “Materials and Methods”, “Results and
Discussion”, “Conclusion”, “Compliance with Ethi-
cal Standard” and “References” sections.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted in ac-
cordance with international statistical reporting stand-
ards. Information on statistical analyses should be pro-
vided with a separate subheading under the Materials
and Methods section and the statistical software that
was used during the process must be specified.
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Units should be prepared in accordance with the Inter-
national System of Units (SI).

Review Articles: Reviews prepared by authors who
have extensive knowledge of a particular field and
whose scientific background has been translated into
a high volume of publications with a high citation po-
tential are welcomed. These authors may even be in-
vited by the journal. Reviews should describe, dis-
cuss, and evaluate the current level of knowledge of
a topic in research and should guide future studies.
The main text should start with the Introduction and
end with the Conclusion sections. Authors may
choose to use any subheadings in between those sec-
tions.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within
the scope of the journal that might attract the readers’ at-
tention, particularly educative cases, may also be submit-
ted in the form of a “Short Communication” Readers can
also present their comments on the published manuscripts
in the form of a “Short Communication”. The main text
should contain “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”, “Com-
pliance with Ethical Standard” and “References” sec-
tions.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations used in the
tables should be defined below the tables by foot-
notes (even if they are defined within the main text).

\
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Tables should be created using the ‘“insert table”
command of the word processing software and they
should be arranged clearly to provide easy reading.
Data presented in the tables should not be a repetition
of the data presented within the main text but should
be supporting the main text.

and

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in
main document WORD files (in JPEG or PNG format)
through the submission system. Any information within
the images that may indicate an individual or institution
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear in
resolution and large (minimum dimensions: 100x100
mm). Figure legends should be listed at the end of the main
document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in
the main text. The abbreviation should be provided in pa-
rentheses following the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company, should be
provided in parentheses in the following format: “Discov-
ery St PET/CT scanner (General Electric, Milwaukee, W1,
USA)”

All references, tables, and figures should be referred to
within the main text, and they should be numbered con-
secutively in the order they are referred to within the main
text.

Limitations, drawbacks, and shortcomings of original ar-
ticles should be mentioned in the Discussion section be-
fore the conclusion paragraph.

References

Reference System is APA 6th Edition (with minor
changes)

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's date of publication must always appear, and these
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items must match exactly the corresponding entry in the
references list. The third kind of information, the page
number, appears only in a citation to a direct quotation.

....(Erkan, 2011).

....(Mol and Erkan, 2009).

....(Ozden et al., 2021).

....(Mol and Erkan, 2009; Erkan, 2011; Ozden et al., 2021).

Citations for a Reference Section:

An article

Olcay, N., Aslan, M., Demir, M.K., Ertas, N. (2021).
Development of a functional cake formulation with purpl
e carrot powder dried by different methods. Food and
Health, 7(4), 242-250. https://doi.org/10.3153/FH21025

A book in print

Harrigan, W.F. (1998). Laboratory Methods in Food Mi-
crobiology. Academic Press, pp. 308. ISBN:
9780123260437

A book chapter

Craddock, N. (1997). Practical management in the food
industry A case study. In Food Allergy Issues for the Food
Industry; Lessof, M., Ed.; Leatherhead Food RA: Leather-
head, U.K., pp 25-38. ISBN: 4546465465

A webpages

CDC (2020). Rift Valley Fever | CDC.
https:// www.cdc.gov/vhf/rvf/index.html (accessed
20.08.2020).

Revisions

When submitting a revised version of a paper, the au-
thor must submit a detailed “Response to the review-
ers” that states point by point how each issue raised
by the reviewers has been covered and where it can
be found (each reviewer’s comment, followed by the
author’s reply and line numbers where the changes
have been made) as well as an annotated copy of the
main document. Revised manuscripts must be sub-
mitted within 15 days from the date of the decision
letter. If the revised version of the manuscript is not

Vil


https://doi.org/10.3153/FH21025
https://www.cdc.gov/vhf/rvf/index.html

FOOD

and
HEAIL'TH

submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) be-
lieve that additional time is required, they should re-
quest this extension before the initial 15-day period
is over.

Accepted manuscripts are copy-edited for grammar,
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punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
publication before it is included in its scheduled is-
sue. A PDF proof of the accepted manuscript is sent
to the corresponding author and their publication ap-
proval is requested within 2 days of their receipt of
the proof.
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