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Physical changes in hen eggs stored at different temperatures
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Gaziantep University, Faculty of ABSTRACT
Engineering, Department of Food
Engineering, 27310, Gaziantep, Tirkiye Eggs are among the most nutritious foods, but they are perishable. Immediately after they are laid,

ageing processes begin in shell eggs, altering their chemical, physical and functional properties.
This study aimed to determine the effect of storage temperature on the shelf life of hen eggs ac-
cording to changes in some important physical properties (weight, pH, Haugh Unit, Albumen In-
dex, and Yolk Index). The studied temperatures were selected as possible refrigerator and room
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over 8.5 — 9.0 during storage, depending on the temperature. Haugh unit, albumen index, and yolk
index decreased, and the area of both yolk and albumen increased during storage.
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Introduction

The egg is a kind of important animal protein resource ob-
tained from fowl. There are different egg types, such as duck,
bird and turkey. However, in Codex Alimentarius, egg refers
to common hen eggs, which are easier to produce and more
nutritious. Hen eggs contain high-quality protein, important
vitamins, and minerals (Afacan, 2023). The product com-
prises 65.6% water, 12.1% proteins, 10.5% lipid, 0.9% car-
bohydrates and 10.9% minerals. Chicken eggs are used as the
basic ingredient in many products due to their high nutritional
value and multifunctional properties, such as emulsification,
foaming, gelling, thickening and flavouring, which improve
the textural and sensory development of foodstuffs (Rossi et
al., 2010). Egg composition may vary, not only in terms of
genetic heritage but also in the chicken's feeding method.
Housing conditions are another factor that affects this. Egg
composition may vary depending on the hen's feeding
method and genetic heritage. Housing condition is also an-
other factor that affects the egg structure. The determination
of shelf life and its relation to storage temperature is im-
portant. In order to determine shelf-life, the most important
parameter has to be selected. There are some useful methods
to determine the change in the quality of eggs' external and
internal qualities. Chemical (protein content, lipid content,
and solid content) and physical (colour, weight of egg, and
height of albumen) are the most commonly used. In addition,
the age and breeding environment of the hen have an im-
portant impact on the level and quality of egg components
(Suk & Park, 2001). Traditional cages, free range and barns
are examples of breeding methods for chicken animals. In-
stead of using standard feed for their chickens, some egg pro-
ducers prefer to supplement the feed with chia seeds, fish oil,
etc., to increase their nutritional value. In addition to this
housing system, they have been feeding supplemented with
several nutrients (such as chia, fish oil, flaxseed, and grape
pomace) to improve the nutrition level (such as omega 3 fatty
acids) of the egg (Sherwin et al., 2010; Kara et al., 2016).
Also, egg quality can be affected by environmental condi-
tions such as humidity, temperature and storage times (Akyu-
rek & Okur, 2009). The good quality of the egg still corre-
sponds to the consumer's expectation. Knowledge of typical
egg structure, good quality characteristics, and deterioration
stages is necessary for effective egg quality parameter testing.
On the other hand, knowing the effect of shelf life and tem-
perature on food structure is necessary. Environmental con-
ditions on the farm, in the warehouse and at home become
important in deciding which process features to apply
(Feddem et al., 2017).
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Studies in the literature have examined the impact of storage
duration on hen egg quality. However, the other most im-
portant parameter, storage temperature efficiency, has not
been examined in detail. Therefore, the main objective of this
research was to investigate the effect of three different stor-
age temperatures on the shelf life of the egg according to
changes in physical properties.

Materials and Methods

One of the most important preference parameters when
choosing the eggs used in this study was their freshness.
Therefore, 150 freshly laid chicken eggs were supplied sim-
ultaneously from a previously informed local farm in Gazi-
antep. The laying hen was kept constant to ensure the homo-
geneity of the eggs used in the study (Gallus gallus var. do-
mesticus). Bought eggs were rested in the room until they
reached room temperature. After the suitable temperature was
reached, the surface of the egg samples was checked for
cracks, contamination or foreign matter and the defective
ones were separated. Intact eggs were grouped according to
weight and size differences. As a result, 130 eggs were used
as the representative samples for analyses. The selected tem-
peratures were possible for refrigerator and room tempera-
tures, such as 10, 20, and 30 °C. At each temperature condi-
tion, samples were divided into two lots (30 eggs for each
lot); weight and colour changes of the same eggs in the first
lot were followed periodically. The five eggs from the second
lot determined the other physical characteristics for each test
time. All chemicals used were reagent grade.

Weight Change Determination

Firstly, the egg samples were equilibrated at room conditions.
After that, their initial weight values were recorded. Ten eggs
were numbered and placed at three instead four different tem-
peratures (refrigerator’s door temperature (10°C), incubator
(20°C), and incubator (30°C)) to test their weight changes
(Feddern, 2017). The selected storage temperatures were de-
termined by considering the conditions of commercial sales
places. A precision balance (Precisa, 163 XB 220A, Dietikon,
Switzerland) was used to weigh the egg samples periodically.

Colour Determination

The eggshell colour was measured from the same side of the
samples, and a Hunter Lab Color Flex (A60-1010-615 Model
Colorimeter, Hunter Lab, Reston VA) was used for detection.
The L (Lightness), a (redness) and b (yellowness) values of
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the samples were obtained with the CIE Lab colour scale, and
the average value of three readings was reported.

Changes in pH, Weight, Area and Height Determination

Five trials were conducted for each temperature group. An
apparatus was set up using a precision balance to determine
the weight change of shell eggs, whole eggs, whites and
yolks. A glass material (190 x 190 mm) was put on the bal-
ance and calibrated with a spirit level. The board was placed
in front of the balance to stabilize the height and distance of
the photo taken. Lastly, the mechanism consisted of a small
box that displayed the height during the image analysis pro-
cess. At first, glass was put on the precision balance and tare
weight was taken. Once the shell was weighed, it was care-
fully broken on plate glass, preserving the membranes be-
tween the yolk and white. After five minutes, a picture of the
eggs was taken using a digital camera (Kodak, EasyShare,
C713). The weight of the whole egg was then recorded. Both
front and top photographs of the whole egg were taken to
measure the height of the yolk and the area of the yolk and
white. A pH meter (Eutech, EcoScan) was used to test the pH
of the whole egg (Afacan, 2023). Before pH measurement,
the egg yolk and white were mixed with a magnetic stirrer
until they became completely homogeneous. The area and
height of the yolk, and also an area of the albumin values,
were detected by image analysis software (UTHSCSA Image
Tool for Windows, Version: 3.00). A pin box was placed near
the whole egg and photographs were taken to obtain the
height of the egg yolk. System calibration measurement
(from pixels to millimetres) was made by taking the initial
height value of the box. The defined program determined the
yolk height. A similar system was utilized to measure egg
yolk and albumen areas. In this stage, the flat glass, which the
egg was broken, was the material and its length was meas-
ured. Calibration from pixel to millimetre was done using the
predetermined value. Then, the albumen surface, which
spread on the flat glass, was pointed. When marking was
made to create a closure, the program automatically calcu-
lated the albumen area. The same steps were applied to yolk
area calculations.

Haugh Unit and Other Parameters

The Haugh Unit shows the internal quality of the egg. This
approach was a correlation of albumen quality between the
height of the thick albumen (in millimetres) and the weight of
the egg (in grams) (Akyurek, 2009; Kirikgi et al., 2003). The
Haugh Unit equation was given as follows:

Haugh Unit (HU) = (100 log (h - 1.7w*37+ 7.6)) (1)

Where h shows the height of the albumen (mm), and w is the
weight of the egg (grams).

Equations 2 and 3 were used to calculate albumen and yolk
indexes, respectively:

Albumen index (%) =
((height of the albumen / diameter of the albumen) x 100)(2)
Yolk index (%) =

((height of the yolk / diameter of the yolk) x 100) 3)

The Shelf Life and Activation Energy

By definition, a product's shelf life is the amount of time it
can remain on the store shelf without any negative reaction
from the consumer (Labuza, 1982). Egg quality parameter
changes were found to obey zero order rate expression:

A=A¢—kt 4)

Where "A" refers to the amount left after the time of t, "A,"
refers to initial quality, k is the rate constant and " t" refers to
time. If the A is selected as the endpoint, t is to be shelf-life.
It is explained in the literature that the steeper the slope, the
more sensitive it will be to temperature fluctuations.

Arrhenius type equation can be used to determine tempera-
ture-dependent degradation reactions, given as:

k = ke EART

®)

Where ko is the pre-exponent constant, EA is the activation
energy (cal/mole), R refers to the gas constant (1.987 kcal /
(mole) (K)), and T refers to temperature (K). In (k) values of
each parameter determined were drawn concerning the in-
verse of absolute temperature (1/T); the activation energies
were calculated from the slopes of these lines since the slope
is equal to —Ea/R.

Statistical Calculation

Analysis of variance (ANOVA) was performed using SPSS
software (v.15.0.0) to investigate some parameter effects
(temperature and time) on the Haugh unit, weight change, and
pH of the egg. A univariate linear model was utilized, and the
Tukey multiple comparison test was selected as a post hoc
test.
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Results and Discussion
The Results of Egg Weight Change

Figure 1 shows the weight change determinations of the ana-
lyzed samples at three different storage temperatures. Ac-
cording to the results, it was determined that there was an in-
verse proportion between egg quality and egg weight. This
means that the rate of weight loss increases with the increase
in storage temperature. In the study, it was understood that
the highest weight loss was detected in egg samples placed at
the highest temperature (30°C), as seen in Figure 1. The main
reason for the loss of not only weight but also quality of eggs
is the loss of CO» and H,O through the shell pores (Suk &
Park, 2001). The weight change continues on the market
shelf, and after a while, the egg becomes stale, and the prod-
uct reaches the end of its shelf life. Therefore, one of the most
important quality parameters determining eggs' shelf life can
be expressed as weight loss.

Colour Change of the Egg Shell

This research investigated changes in colour properties dur-
ing storage to determine whether there is a relationship be-
tween eggshell colour and the shelf life of hen eggs. The L
(Lightness), a (redness) and b (yellowness) values of the stud-
ied egg samples stored at 10, 20 and 30°C are given in Table
1. It was observed that the "L value" had a decreasing ten-
dency during the storage period. This behaviour caused the
final colour of the eggshells to be darker than the initial col-
our. Similarly, the other colour parameters of "a" showed a

Research Article

decreasing trend with increasing storage time. This means
that the last colour of the egg changes from reddish to green-
ish. However, the "b value" showed an unstable change dur-
ing the storage period.

Determination of Haugh Unit

Haugh unit (HU) is the most useful data for estimating egg
freshness (Ahmadi & Rahimi, 2011). The variation of HU at
10°C, 20°C and 30°C was determined and given in Figure 2.
The observations showed that a steady decrease in HU oc-
curred during storage. HU 1is the correlation between egg
weight and the height of the albumin. Therefore, this situation
can be expected. In this study, it was understood that if the
eggs were to be stored for a longer period of time, they would
continue to lose weight. Similar trends were observed in the
literature (Kahraman Dogan and Bayindirli, 1996). The de-
composition rate constants (k) for each storage temperature
were calculated from the line slopes and demonstrated in Ta-
ble 2. The highest storage temperature (30°C) was found to
have the highest k value in direct proportion. After 20 days of
storage at 30°C, the acceptability of egg samples was lost due
to the highest rates of white height and weight decrease. A
decrease in the strength of the yolk vitelline membrane and
the inner shell membrane can relate to this decreasing trend
in white height. Another reason was the increase in the vis-
cosity of the egg yolk (Karoui et al., 2006). The increase in
the moisture content of the yolk explained these situations.

Table 1. Colour change of egg samples at 10, 20 and 30°C

Time (day)
0 46.67 020 125 50.87 030 213  49.06 0.20 1.76
4 47.57 023 126 5094 024 265 49.45 0.10 1.78
6 47.52 022 181 51.07 0.19 190 50.10 0.03 1.87
9 47.57 024 286 5099 020 231 49.55 0.06 3.14
12 4798 0.17 128  51.31 0.15 218 49.89 0.01 1.59
14 4799 020 1.14 51.66 0.17 244 50.12 0.02 2.48
16 48.02 019 132 5123 0.16 277 50.18 0.02 2.27
19 4779 016 132 51.16 0.15 1.81 50.07 -0.01 1.98
21 48.02 0.13 232 5093 0.13 206 50.12 -0.03  2.05
23 47.71 0.15 1.63 5128 0.3 193 49.83 -0.03  2.00
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C
5
(]
=
Time (d)
Figure 1. Weight loss of egg samples stored at 10, 20 and
30°C

Table 2. The deterioration rate constants (k) for quality
parameter change at the studied temperature range

Quality parameters Storage temperature°C

10 20 30
Weight Change (gr) 0.086 0.199 0.335
Haugh Unit 0.076 0.533 2.201
pH 0.019 0.030 0.048
Albumen Area (mm?) 159.433 297.060 465.456
Yolk Area (mm?) 5.334 12.697  99.340
Albumen Index 0.105 0.416 0.487
Yolk Index 0.074 0.512 1.508

Determination of pH

The pH results of the studied egg specimens are illustrated in
Figure 3. The pH value of fresh eggs was 7.6. During storage
of shell eggs, pH increased to a maximum of around 8.2.
Close values were reported by Karauri et al (2006), but the
authors only investigated the pH of egg white in their study
(Karoui et al., 2006). The eggshell can breathe, meaning this
material is moisture and gas (carbon dioxide) permeable
(Caner, 2005). When carbon dioxide gas is released from the
egg, the acidity in the egg matrix decreases. Additionally, the
evaporation of water from the eggshell surface due to pores
reduces acidity. Deterioration rate constants according to pH
changes are shown in Table 2. As the storage temperature in-
creased, gas solubility decreased, and the water evaporation
rate increased. Increasing constants with increasing storage
temperature indicate an increase in quality loss. It was seen
that deterioration rate and quality loss reached the highest

values at 30°C (Table 2). However, a non-linear pH increase
was detected. Albumin buffering ability against pH changes
is the weakest and appears to rapidly increase in the first few
days of storage, as reported by other researchers (Karoui et
al., 2006).

140

130

120

110 -

100 -

Haugh Unit

90 A

80 -

70

time (Day)

Figure 2. Haugh unit results of the egg samples stored at 10,
20 and 30°C

8,4

—e— 10C
—o— 20C

8,2 -
—v— 30C

8,0

7,8

pH

7,6

7,0 T T T T
0 5 10 15 20 25

time (day)

Figure 3. pH changes of egg samples stored at 10, 20 and
30°C
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Area Change Results of the Egg Albumen and Yolk

When a stale egg is cracked, the yolk flattens out, usually
gathering on one side, and the thick albumin around it thins
out, causing a large area of albumin to collapse and flatten,
forming a wider arc of liquid (Egg, 2000). Area variations of
egg white and egg yolk samples were examined and shown
in Figures 4 and 5, respectively. Degradation rate constants
for albumin and yolk areas, determined using the zero-order
rate equation, are tabulated in Table 2. Another study also de-
tected the same increasing results for albumin (Karoui et al.,
2006). The rate of increase was directly proportional to the
temperature change. The highest degradation rate was rec-
orded at a storage temperature of 30°C in both the albumin
and yolk areas.

Albumen Index and Yolk Index Determination

After the egg was broken on a flat surface, the albumin and
yolk index were determined and graphed using the height and
diameter of the albumen and yolk (Figure 6 - 7). Both white
and yolk indexes had a decreasing pattern. This may be at-
tributed to the inverse relationship between index values and
yolk and albumin area during storage. However, there was a
direct proportionality between yolk and albumin height and
index values. Similar observations were also stated by some
other authors (Kahraman Dogan and Bayindirli, 1996).
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Figure 4. Changes in albumen area of egg samples stored at
10, 20 and 30°C
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Figure 5. Changes in the yolk area of egg samples stored at
10, 20 and 30°C
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Figure 6. The yolk index of egg samples at 10, 20 and 30°C

Temperature Effect on Egg Quality

First, the natural logarithms of the rate constants were plotted
against the inverse of absolute temperature, and then the
straight-line relationship gave an Arrhenius-type behaviour.
Table 3 shows egg samples' calculated activation energies
(EA) for different quality parameters (weight change, Haugh

Unit, pH, albumen and yolk area, albumen and yolk index).

In the literature, activation energy is defined as the evaluation
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of the sensitivity of foodstuffs to temperature (Labuza, 1982).
It was determined that the sensitivity of egg quality parame-
ters to temperature decreased in the order of Haugh Unit, yolk
index and area, white index and area, pH and weight. Haugh
Unit is the most sensitive among all these because Haugh
Unit is a relationship between the weight of the eggshell and
flux height; also, both parameters are affected by storage tem-
perature. Egg yolk is more affected by temperature changes
than white. This may be due to the higher solids concentration
in the egg yolk. Therefore, as the egg ages, water enters the
white, causing the yolk to increase in size and become less
viscous.

Table 3. Calculated activation energies of the egg samples
at each test parameter

Activation Energy

Quality Parameter

(kcal/mole)
Weight Change 3190.630 0.921
Haugh Unit 48467.396 0.933
pH 7472.829 0.996
The Area of Albumen 9136.013 0.994
The Area of Yolk 24776.768 0.938
Albumen Index 13216.958 0.841
Yolk Index 25722.170 0.979

(R2: coefficient of determination)

Shelf-life Determination Due to Different Quality
Parameters

Two important parameters were determined according to the
temperature dependence on the activation energy. Haugh unit
is the most sensitive parameter to temperature (Kemps et al.,
2006; Kul & Seker, 2004). Yolk index, yolk area, albumen
index, and albumen area are the next sensitive parameters af-
ter the Haugh unit. However, when the indices and Haugh
unit parameters were checked, the same parameter, height,
was observed. Therefore, if the Haugh unit is chosen as a
shelf-life determination parameter, the area, height, and
weight values should be considered simultaneously. Since pH
is an important indicator of egg deterioration (Kemps et al.,
2006), the changes in pH values were chosen as the second
important parameter for measuring the egg’s shelf life.

30
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Figure 7. Albumen index of egg samples at 10, 20 and 30°C

If the end of the experiment is considered the end of the con-
sumer's acceptance of the egg, the remaining quality parame-
ters appear to be different in percentage. In order to decide
the shelflife, an endpoint value must be assigned. Since there
was no criterion for any egg quality parameter or egg shelf-
life determination, it was assumed that 14% of the Haugh unit
values were lost and 86% remained. For the case of pH value,
a similar approximation was used also. Hence, the final qual-
ity parameter "A" in Equation 4 for the Haugh unit can be
considered as "0.86A0", and the final quality parameter "A"
for the pH parameter can be considered as "(1/0.86) A,". Be-
cause the samples' pH increased during storage, the highest
pH value for our sample was calculated as 8.3 (= 7.14*1/0.86)
and used in the calculation of values in Table 4. The shelf life
of the egg samples at different temperatures was determined
by substituting the new values obtained into the expression of
the zeroth order ratio (Table 4-A). It was found that according
to the Haugh Unit, at 10°C, the shelf life of the egg studied
was found to be 238 days (Table 4-A). It was questionable to
accept. Hence, it is clear that the most important step in shelf-
life estimation for any food is assigning the most important
parameter that must be followed and then assigning an end-
point at which the food is no longer acceptable. Then, instead
0f 0.86, 0.90 was inserted in the calculations, and the obtained
shelf-life values were also listed in Table 4-B. It was found
that a change from 0.86 to 0.9 caused such a huge change in
shelf life.
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Table 4. Calculated shelf-life values of the eggs using changes in Haugh Unit and pH values at 10, 20 and 30°C

Shelf life (d)
A B
Temperature (°C) Temperature (°C)
10 20 20
Haugh Unit 238.9 28.9 6.9 167.2 24.3 5.9
pH 58.3 38.7 24.2 38.2 25.3 15.8
Conclusion References

In this study, the following results were obtained by investi-
gating egg quality parameters, their temperature sensitivity
and egg shelf life: It was understood from the results that as
shell eggs age, significant physical changes occur in the yolk,
white, egg weight and shell colour. During the ageing pro-
cess, the flocked area and pH of the whole egg increased,
while the weight and flock height of the shell egg decreased.
Some of the egg quality parameters, such as egg weight, pH,
Haugh Unit, colour, white area and white height, showed zero
order of degradation kinetics. Lightness (L) and redness (a)
can indicate colour quality. While HU was found to be the
most sensitive parameter to temperature, weight change was
the least affected parameter. It has been understood that pH
is an important parameter in determining shelf life. Egg shelf
life decreased as the storage temperature increased. In order
to estimate shelf life, especially for perishable food products,
the most critical step is defining the value of the deterioration
mechanism causing food not to be consumable. Any mislead-
ing in the calculation will cause either the loss of food itself,
though it still has value, or the loss of food safety.
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ABSTRACT

A high intake of polyphenols has been shown to benefit health, protect against the risk of mental
disorders, and improve sleep quality. This study aimed to determine the relationship between pol-
yphenol intake, sleep quality, depression, stress, and anxiety in Turkish adults. This cross-sectional
study was conducted with adults aged 18-64 between December 5, 2023, and May 12, 2024, in
Istanbul, Tiirkiye. Participants completed a questionnaire with demographic characteristics, the
Mediterranean Dietary Adherence Screener (MEDAS), the Depression Anxiety Stress Scale, the
Pittsburgh Sleep Quality Index, and a 7-day food consumption record. Data were analyzed using
SPSS 24.0. One hundred nineteen adults (73.1% female, mean age 23.69 + 3.76 years) participated.
There was a statistically significant difference in MEDAS classification across tertiles of polyphe-
nol intake (p: 0.015). After controlling for confounders, the depression score significantly de-
creased across tertiles of polyphenol intake (OR: 0.990, p: 0.001). Similar results were observed
for the anxiety score (OR: 1.006, p<0.001). MEDAS scores showed a statistically significant dif-
ference across tertiles in unadjusted and all adjusted models (p: 0.049, p: 0.030, p: 0.020, and p:
0.015, respectively). Our findings revealed that dietary polyphenols may have a beneficial effect
on depression and anxiety.

Keywords: Anxiety, Depression, Dietary polyphenol, Sleep quality, Mediterranean diet
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Introduction

Many people around the world suffer from mental health dis-
orders. According to the World Health Organization (WHO),
there has been a 13% increase in mental health disorders in
recent years, making them the leading cause of disability
worldwide (WHO, 2022).

Depressive disorder (also known as depression) involves a
persistent depressed mood or a loss of enjoyment or interest
in activities over a long period (WHO, 2023). Up to 350 mil-
lion people worldwide suffer from depressive disorders
(Skonieczna-Zydecka et al., 2018). Anxiety, while a normal
feeling in various situations, can become a permanent prob-
lem in individuals with anxiety disorder. Anxiety is a leading
cause of disability, alongside depression (WHO 2022, 2023).

Not much is known about the aetiology of depression. How-
ever, it has been observed that its actiology is similar to in-
flammatory diseases such as cardiovascular disease, diabetes
and cancer. These include reduced insulin sensitivity, endo-
thelial dysfunction and increased proinflammatory cytokine
production (Behl et al., 2022). Additionally, depression and
obesity have a bidirectional relationship, with obese individ-
uals being more likely to experience depression (Mannan et
al., 2016). Evidence suggests that depression and obesity are
related to inflammation (Kivimaki et al., 2014), impaired gly-
cemic control (Kivimaki et al., 2009) and genetic predisposi-
tion (Harbron et al., 2014).

Sleep is essential for maintaining homeostasis, circadian
rhythm, metabolism, organ function, and other physiological
functions. It is known that sleep disorders result in psycho-
logical disorders, physical dysfunction and decreased quality
of life (Hibi, 2023). Moreover, sleep deprivation is strongly
related to an increased risk of depression among all age
groups (Ouyang & Sun, 2019; Short et al., 2020; Liu et al.,
2021). A regular sleep pattern has been linked to better diet
quality, potentially mediated by body weight status and obe-
sity-related disorders (Manna & Jain, 2015; Mousavi et al.,
2022).

Over the past few years, food ingredients have been shown to
affect mental health disorders and the quality of sleep. Die-
tary intake has been shown to affect sleep quality and depres-
sion in previous studies (Bremner et al., 2020). Fruit and veg-
etable intake, rich in anti-inflammatory compounds such as
carotenoids and polyphenols, is inversely associated with de-
pression (Bayes et al., 2020). Polyphenols are defined as sec-
ondary metabolites that are abundant in fruit and vegetables
as well as coffee, tea, red wine and dark chocolate (Bayram

et al., 2021) and may regulate oxidative stress, neuroinflam-
mation and gut microbiota to reduce depressive behaviours
(Bayes et al., 2020; Tayab et al., 2022). However, only one
study has evaluated polyphenol intake and sleep quality,
showing that high polyphenol intake is negatively associated
with depression, stress, and sleep quality among overweight
and obese women (Golmohammadi et al., 2023).

The Mediterranean diet, rich in polyphenols, has numerous
health benefits, including reduced risk of chronic diseases
and depression and improved sleep quality (Castro-Barquero
et al., 2018). However, no study has examined how polyphe-
nols, Mediterranean diet adherence, sleep quality, and risk of
depression, stress, and anxiousness are associated with poly-
phenols in Turkish adults. This study aimed to calculate the
average daily polyphenol intake and to determine the rela-
tionship between polyphenol intake and sleep quality, depres-
sion, stress and anxiety in Turkish adults.

Materials and Methods

Participants

This cross-sectional study was conducted on adults aged 18-
64 between December 5, 2023, and May 12, 2024, in Istan-
bul, Turkey. A power analysis was performed for sample se-
lection. A prevalence of 20%, a type 1 error rate (o) of 0.05,
a type 2 error rate (B) of 0.20 and a power (1-8) of 0.80 were
calculated. The minimum total number of participants was,
therefore, set at 100.

The participants were administered a face-to-face question-
naire that included demographic characteristics, the Mediter-
ranean Dietary Adherence Scale (MEDAS), the Depression
Anxiety Stress Scale (DASS-21), the Pittsburgh Sleep Qual-
ity Index (PSQI), and a 7-day food consumption record. The
participants' height and body weight values were taken in ac-
cordance with their statements. Body mass index (BMI) was
calculated as body weight (kg) / height (m)?.

The study's inclusion criteria were adults aged 18 and 64 with
a normal BMI (18.5-24.9 kg/m?) and no history of chronic
disease. Exclusion criteria included adults with diabetes, car-
diovascular disease, kidney or liver disease, thyroid disor-
ders, cancer, those following a special diet, chronic alcohol
consumers, menopausal women, and pregnant or lactating
women. The study received ethical approval, and informed
consent was obtained from the participants.
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Mediterranean Dietary Adherence Screener

Schroder et al. (2011), and Martinez-Gonzalez et al. (2012)
developed the Mediterranecan Dietary Adherence Screener
(MEDAS). Pehlivanoglu et al. (2020) established the Turkish
validity and reliability of the scale. The scale consists of 14
questions, each scoring 0 or 1 point based on consumption
amounts, and the total score is calculated. The interpretation
of the total MEDAS score is as follows: < 7 indicates low
Mediterranean diet adherence (MDA), > 7 indicates moderate
MDA, and > 9 indicates high MDA.

Pittsburgh Sleep Quality Index

Sleep quality was determined using the Pittsburgh Sleep
Quality Index (PSQI) developed by Buysse et al. (1989). The
PSQI consists of seven items, each measured at one-month
intervals and scored between 0 and 3. The PSQI total score
ranges from O to 21, with higher scores indicating poorer
sleep quality. Poor sleep quality is indicated by a score above
five (Buysse et al., 1989).

Depression, Anxiety, and Stress Scale Short Form

Depression, Anxiety and Stress Scale Short Form (DASS-21)
is a 4-Likert-type scale developed by Lovibond and Lovibond
(1995). The Turkish version's validity and reliability were
evaluated by Saricam (2018). The questionnaire was de-
signed to assess levels of depression, anxiety and stress levels
and consisted of seven items for each of the three scales.
Items 3, 5, 10, 13, 16, 17, and 21 represent the depression
score; and according to the total score, 0 to 4 is normal, 5 to
6 is mild depression, 7 to 10 is moderate depression, 11 to 13
is severe depression and >13 is extremely severe depression.
Items 2, 4, 7, 9, 15, 19, and 20 represent the anxiety score,
and total scores between 0 to 3 mean normal, between 4 and
5 of mild anxiety, between 6 and 7 of moderate anxiety, be-
tween 8 and 9 of severe anxiety, and >9 of extremely severe
anxiety. Additionally, items 1, 6, 8, 11, 12, 14, and 18 repre-
sent the stress score, and the total scores between 0 and 7
mean normal, between 8 and 9 of mild stress, 10 and 12 of
moderate stress, 13 and 16 of severe stress, and >16 are in-
dicative of extremely severe stress (Saricam, 2018).

7-Day Food-Record Method

The 7-day food recall method assessed the participants' poly-
phenol and nutrient intakes. Participants wrote the foods they
ate for 7 days and their quantities on the food consumption
record form. A photographic atlas showing the portion size of
the food was used for the quantities of the foods (Rakicioglu
et al., 2009). Additionally, participants were contacted for
each food for which quantities were not specified. Packaged
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products were written as brand and weight, and the contents
were checked again to minimise the margin of error. The Nu-
trient Database (BeBIS Pro for Windows, Willstitt, Ger-
many; Turkish version BeBiS 9) determined daily energy and
nutrient intakes.

Assessment of Total Polyphenol Intake

We used a tool developed by (Hinojosa-Nogueira et al., 2021)
to assess total polyphenol intake. This tool contains 302
foods, and the total polyphenol values were obtained from the
Phenol Explorer database (http://phenol-explorer.eu/). Food
products were classified into 16 groups: oils and olives, cocoa
and derivatives, fruits and derivatives, vegetables, nuts, cere-
als and derivatives, legumes, soy and derivatives, infusions,
tubers, processed foods, herbs, juices, alcoholic drinks, cof-
fee, and condiments. Total polyphenol intake was divided
into tertiles: <25th percentile (Tertile 1, T1), 25th-75th per-
centile (Tertile 2, T2), and >75th percentile (Tertile 3, T3):
T1: <853.88 mg/d, T2: 853.88-1418.41 mg/d, and T3:
>1418.41 mg/d.

Statistical Analyses

SPSS 24.0 was used to analyse the data. Categorical data are
presented as numbers (n) and percentages (%), while quanti-
tative data are presented as means (X) and standard devia-
tions (SD). The distribution of variables was verified using
the Kolmogorov—Smirnov test. The chi-squared test was used
for categorical variables, and ANOVA was used for quantita-
tive variables. The associations between tertiles of polyphe-
nol intake and mental health, sleep quality and MEDAS
scores were assessed using multivariate logistic regression
analysis. A p-value < 0.05 was considered statistically signif-
1cant.

Results and Discussion

Table 1 shows the general characteristics of the participants.
The study included 119 adults (73.1% female; the mean age
was 23.69 +3.76 years). Most participants (50.4%) were grad-
uated from university, and 68.9% were employed. It was
found that 83.2% of the participants did not exercise regu-
larly, and 9.2% had no regular sleep patterns.

Table 2 presents the relationship between tertiles of polyphe-
nol intake of depression, anxiety, stress, PSQI and MEDAS
scores and classification. There was no statistically signifi-
cant difference in depression, stress, anxiety, PSQI and
MEDAS scores by tertile of polyphenol intake. However, the
difference between MEDAS classifications was statistically
significant across tertiles of polyphenol intake (p: 0.015).
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Table 1. General characteristics (n: 119)
Total (n: 119)

Parameters n %
Age (Mean £ SD) 23.69 £3.76
Gender
Woman 87 73.1
Male 32 26.9
Education Levels
Primary School 1 0.8
Secondary School 1 0.8
High School 49 41.2
University 60 50.4
MA or PhD 8 6.7
Employment status
Employee 82 68.9
Unemployed 37 31.1
Regular Physical exercise
No 99 83.2
Yes 20 16.8
Regular sleeping
No 11 9.2
Yes 108 90.8
Height (cm) 168.99 +8.76
Body weight (kg) 65.32 £14.22
BMI (kg/m?) 22.75 +£3.85

MA: Master's degree, PhD: Doctoral degree, BMI: Body mass

index

Table 3 shows the total polyphenol, energy, macro and mi-
cronutrient intake among tertiles of polyphenol intake. Par-
ticipants in T3 had significantly higher energy (p< 0.001),
carbohydrate (p< 0.001), protein (p: 0.002), total fat (p:
0.014), fibre (p< 0.001), and MUFA (p< 0.001) intakes com-
pared to participants in other tertiles. Additionally, significant
differences were observed in micronutrient intakes, including
beta-carotene (p: 0.001), vitamin A (p: 0.004), vitamin E (p:
0.030), vitamin C (p< 0.001), thiamine (p: 0.001), riboflavin
(p: 0.002), vitamin Bs (p: 0.003), folate (p< 0.001), panto-
thenic acid (p: 0.003), sodium (p: 0.046), potassium (p<
0.001), iron (p< 0.001), magnesium (p< 0.001), zinc (p:
0.004), and phosphorus (p: 0.006). Additionally, caffeine in-
take was higher in T3, with a statistical difference (p: 0.001).

There were statistical differences between tertiles in coffee,
cocoa and derivatives (p: 0.004), condimental (p: 0.002), nuts
(p: 0.008), infusions (p: 0.007), legumes (p< 0.001), vegeta-
bles (p< 0.001) (Figure 1).
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Figure 1. Total polyphenol intake (mg/d) is classified into
fifteen food groups for over polyphenol tertiles

Table 4 shows the relationship between polyphenol tertiles
and participants' mental health, sleep quality and Mediterra-
nean diet adherence. In all three adjusted models, depression
scores decreased significantly among tertiles of polyphenol
intake (p<0.001, p<0.001 and p: 0.001, respectively). A sim-
ilar pattern was observed for the anxiety scores (p< 0.001).
MEDAS scores showed a statistically significant difference
between tertiles both unadjusted (OR: 1.298, p: 0.049) and in
all adjusted models for T3 (OR: 1.412, p: 0.030 for Model 1,
OR: 1.472, p: 0.020 for Model 2, and OR: 1.534, p: 0.015 for
Model 3, respectively) (Table 4).

A high intake of polyphenols has been shown to benefit
health and protect against the risk of mental disorders. Ac-
cording to our results, total polyphenol intake was negatively
correlated with both depression and anxiety levels, but there
was no relationship between polyphenol intake and sleep
quality. On the other hand, there was a significant relation-
ship between polyphenol intake and MEDAS.

The antioxidant properties of polyphenols play a crucial role
in mental health by positively affecting the brain and poten-
tially alleviating depressive symptoms (Bayes et al., 2020;
Tayab et al., 2022). The importance of dietary polyphenols in
controlling pathways involved in neurogenesis and neuropro-
tection has been highlighted by studies that may have impli-
cations for the improvement of mental health, including de-
pression (Huang et al., 2019; Bayes et al., 2020). Observa-
tional studies have indicated that higher dietary polyphenol
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intake is associated with a reduced risk of depression (Mofrad
et al., 2019; Sangouni et al., 2022; Golmohammadi et al.,
2023). Additionally, interventional studies have suggested
that polyphenols may help decrease depressive symptoms
(Fisk et al., 2020; Lin et al., 2021; Kabra et al., 2022). While
our initial analysis showed no relationship between depres-
sion and tertiles of total polyphenol intake, the results

changed when we adjusted for confounders. After these ad-
justments, we observed a significant decrease in depression
scores across tertiles of polyphenol intake. This indicates that
polyphenols may have a beneficial effect on depression, but
this effect is only apparent when other influencing factors are
taken into account. These findings highlight the significance
of considering confounders in nutritional research to uncover
potential health benefits.

Table 2. Relationship between tertiles of polyphenol intake of depression, anxiety, stress, PSQI and
MEDAS scores and classification

Total polyphenol intake (mg/d)

T1 (n: 30) T2 (n: 60) T3 (n: 29) p-value
(<853.88 mg)  (853.88-1418.41 (>1418.41 mg)
mg)

Depression score 7.97 £5.49 5.73 +4.58 7.70 £5.72 0.232
Anxiety score 6.07 £5.20 5.10 +4.51 4.67 £4.15 0.611
Stress score 8.24 +£5.33 6.67 +4.67 7.43 £4.65 0.290
PSQI Score 6.63 £2.55 6.45+£2.92 6.97 £2.81 0.655
MEDAS Score 5.70 £1.70 6.17 £1.97 6.76 £2.46 0.227
Stress classification 0.128
Normal (0-7 scores) 19 (63.3) 36 (60.0) 11 (37.9)
Mild (8-9 scores) 3(10.0) 8 (13.3) 10 (34.5)
Moderate (10-12 scores) 2(6.7) 10 (16.7) 4(13.8)
Severe (13-16 scores) 4(13.3) 5(8.3) 2(6.9)
Extremely severe (>16 scores) 2 (6.7) 1(1.7) 2(6.9)
Ancxiety classification 0.773
Normal (0-3 scores) 16 (53.3) 25 (41.7) 10 (34.5)
Mild (4-5 scores) 3 (10.0) 10 (16.7) 5017.2)
Moderate ( 6-7 scores) 2(6.7) 8 (13.3) 6 (20.7)
Severe (8-9 scores) 4(13.3) 6 (10.0) 2(6.9)
Extremely severe (>9 scores) 5(16.7) 11 (18.3) 6 (20.7)
Depression classification 0.286
Normal (0-4. scores) 10 (33.3) 26 (43.3) 9 (31.0)
Mild (5-6 scores) 6 (20.0) 9 (15.0) 507.2)
Moderate (7-10 scores) 5(16.7) 17 (28.3) 5(17.2)
Severe (11-13 scores) 3(10.0) 4(6.7) 6 (20.7)
Extremely severe (>13 scores) 6 (20.0) 4 (6.7) 4 (13.8)
PSQI classification 0.530
Good sleep quality (<5 scores) 9 (30.0) 25 (41.7) 10 (34.5)
Poor sleep quality (> 5 scores) 21 (70.0) 35(58.3) 19 (65.5)
MEDAS classification 0.015*
Low MDA (<7 scores) 26 (86.7) 47 (78.3) 16 (55.2)
Moderate MDA (7-9 scores) 4(13.3) 11 (18.3) 8 (27.6)
High MDA (>9 scores) - 2(3.3) 517.2)

*p<0.05, PSQI: Pittsburgh Sleep Quality Index, MEDAS: Mediterranean Dietary Adherence Screener,
MDA: Mediterranean diet adherence
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Table 3. Total polyphenol, energy, macro and micronutrient intake among tertiles of polyphenol intake

Total polyphenol intake (mg/d)

T1 (n: 30)
(<853.88 mg)

T2 (n: 60)

(853.88-1418.41 mg)

T3 (n: 29)
(>1418.41 mg)

Total polyphenol intake (mg)  692.28 £129.19*®  1047.21 £160.46*¢ 1953.18 £404.60°¢  <0.001%**
Energy (kcal) 1264.69 £206.71° 1321.06 £234.07 1583.00 £366.41° <0.001*
Protein (g) 51.55+11.38° 60.03 +£10.55° 62.01 £16.50° 0.002*
Protein (E %) 16.90 +4.19* 18.93 +3.88%¢ 16.14 +£2.91°¢ 0.002*
Carbohydrate (g) 136.00 £30.70° 141.54 £30.88 176.56 + 45.05° <0.001**
Carbohydrate (E %) 43.73 +4.65 43.87+5.11 45.69 £5.96 0.529
Total fat (g) 55.85£10.98° 55.33 £14.64¢ 66.80 £17.25%¢ 0.014*
Total fat (E %) 39.23 £3.96 36.98 £4.98 37.62 £5.06 0.093
Fibre (g) 14.88 £4.30° 16.59 £3.78¢ 19.56 £4.39¢ <0.001**
SFA (g) 19.17 £3.76 18.70 £5.20 21.43 £5.95 0.113
MUFA (g) 18.31 £3.76° 18.47 £4.98 24.13 £5.80° <0.001**
PUFA (g) 13.02 +£5.20 12.74 £5.28 15.37 £5.60 0.190
Cholesterol (mg) 257.97 £108.72° 314.74 £104.49* 274.41 £106.17 0.030%
n-3 (g) 1.28 £0.63 1.48 £0.58 1.25+0.49 0.091
Linolenic acid (mg) 0.98 £0.46 1.06 £0.50 1.06 £0.45 0.688
n-6 (g) 11.45£5.27 10.92 £5.00 13.75£5.72 0.116
Sodium (mg)* 1823.72 £540.03° 1997.65 +644.54 2333.45 +807.37° 0.046*
Potassium (mg) 1636.92 £287.70° 1851.68 £307.80° 2222.69 £647.16°¢  <0.001**
Vitamin A (mcg) 543.90 £168.94° 642.75 £503.39 1057.99 +£472.52° 0.004*
Beta carotene (mg) 1.64 £0.93° 1.80 £1.16 3.05+£2.37° 0.001**
Vitamin C (mg) 48.48 £17.61° 60.98 £22.19 82.84 £38.09° <0.001**
Calcium (mg) 473.07 £170.23? 599.72 £205.892 508.50 £133.57 0.007*
Iron (mg) 7.49 £1.65° 8.39 £1.76° 10.42 £3.30°¢ <0.001**
Vitamin E (mg) 12.27 £6.80° 11.87 £5.38¢ 17.02 +8.295¢ 0.030%
Thiamine (mg) 0.64 +£0.14° 0.74 £0.17 0.84 +£0.27° 0.001%*
Riboflavin (mg) 1.01 +£0.342> 1.27 £0,322 1.12 £0.41° 0.002*
Niacin (mg) 19.56 +4.14° 22.11 +4.11* 24.44 £8.37 0.008*
Vitamin B6 (mg) 0.97 £0.24° 1.13 £0.242 1.27 £0.42° 0.003*
Folate (mcg) 175.62 £41.40° 207.66 £46.05¢ 256.04 £97.84°¢ <0.001**
Vitamin B, (mcg) 3.63£2.26 491 +2.20 4.40 £5.26 0.181
Biotin (mcg) 30.51 £9.54° 38.14 +£10.97° 38.01 £14.11° 0.004*
Pantothenic acid (mg) 3.40 £0.75*° 3.98 £0.75° 423 £1.37° 0.003*
Vitamin K (mcg) 47.33 +£24.76° 61.72 +£40.63¢ 90.85 £66.51°¢ 0.002*
Magnesium (mg) 192.26 £39.01%° 217.01 £36.78*¢ 257.12 £62.61°¢ <0.001**
Zinc (mg) 7.46 £2.05% 8.78 £1.70° 9.23 +2.38° 0.004*
Phosphorus (mg) 837.88 £215.36%° 994.69 £206.56% 970.75 £233.13° 0.006*
Caffeine (mg) 27.56 £26.16° 41.57 +£3.033 68.14 £63.31° 0.001**

*p<0.05, **p< 0.001. ANOVA test was used. *Differences between T1 and T2, ® Differences between T1 and T3,
¢ Differences between T2 and T3. ¥ only from foods. SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids,

PUFA: Polyunsaturated fatty acids, n-3: Omega-3, n-6: Omega-6.
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Table 4. The relationship between polyphenol intake and mental health, sleep quality, and adherence to
Mediterranean diet in participants

Model 1

Model 2

Model 3

Tertiles UOR (95% CI) p-value AOR* (95% CI) p-value AOR" (95% CI) p-value AOR" (95% CI) p-value
Depression score T1 1.000 (referans) 1.000 (referans) 1.000 (referans) 1.000 (referans)

T2 0.943 (0.864-1.029) 0.140 0.933 (0.848-1.026) 0.247 0.939 (0.854-1.033) 0.196 0.946 (0.856-1.046) 0.282

T3 1.027 (0.933-1.130) 0.584 1.009 (0.900-1.130) <0.001** 0.994 (0.883-1.119) <0.001** 0.990 (0.873-1.123) 0.001%*
Anxiety score T1 1.000 (referans) 1.000 (referans) 1.000 (referans) 1.000 (referans)

T2 1.023 (0.924-1.132) 0.661 1.024 (0.919-1.141) 0.669 1.033 (0.925-1.154) 0.125 1.048 (0.930-1.181) 0.442

T3 1.108 (0.954-1.197) 0.249 1.105 (0.977-1.273) <0.001** 1.103 (0.965-1.265) <0.001** 1.006 (0.956-1.283) <0.001**
Stress score T1 1.000 (referans) 1.000 (referans) 1.000 (referans) 1.000 (referans)

T2 0.996 (0.881-1.060) 0.467 0.966 (0.878-1.063) 0.480 0.971 (0.882-1.070) 0.551 0.977 (0.885-1.079) 0.649

T3 1.034 (0.932-1.146) 0.532 1.054 (0.937-1.186) 0.383 1.034 (0.915-1.169) 0.593 1.031 (0.909-1.172) 0.633
PSQI score T1 1.000 (referans) 1.000 (referans) 1.000 (referans) 1.000 (referans)

T2 0.976 (0.833-1.144) 0.767 0.991 (0.837-1.173) 0.913 0.998 (0.840-1.184) 0.169 1.033 (0.862-1.239) 0.723

T3 1.044 (0.868-1.255) 0.647 1.072 (0.869-1.324) 0.516 1.036 (0.831-1.290) 0.755 1.089 (0.861-1.377) 0.477
MEDAS score T1 1.000 (referans) 1.000 (referans) 1.000 (referans) 1.000 (referans)

T2 1.122 (0.901-1.398) 0.305 1.141 (0.892-1.460) 0.294 1.150 (0.893-1.480) 0.278 1.175 (0.903-1.529) 0.230

T3 1.298 (0.999-1.685) 0.049* 1.412 (1.034-1.927) 0.030* 1.472 (1.063-2.040) 0.020* 1.534 (1.086-2.167) 0.015*

*p< 0,05, **p<0,001. Model 1: adjusted for age, BMI, gender and energy, Model 2: Model 1 + education level + physical activity, Model 3: Model 2 + linolenic acid + caffeine intake. The reference group was tertile 1

of polyphenol intake.

Anxiety disorders are very common and have been associated
with an increased risk of coronary heart disease. However,
the link between diet and anxiety has received less attention.
Vegetarian and traditional diets rich in phytochemicals are re-
lated to a lower prevalence of anxiety (Jacka et al., 2010;
Mofrad et al., 2019). Contrary to these findings, Golmoham-
madi et al. (2023) reported no relationship between polyphe-
nol intake and anxiety. Our findings revealed a noteworthy
relationship between anxiety and polyphenol intake after ad-
justing for confounders. This suggests that polyphenol con-
sumption may have a positive impact on reducing anxiety
levels, but this effect becomes evident only when other influ-
encing factors are controlled for. These results suggest that
dietary polyphenol intake positively affects mental health and
emphasise the importance of considering confounding varia-
bles in such studies to reveal true associations.

The risk of mental disorders such as depression can be in-
creased by stress. A study reported that a higher dietary phy-
tochemical index was associated with a decreased risk of
stress in women (Mofrad et al., 2019). Similarly, Golmoham-
madi et al. (2023) found that higher dietary polyphenol intake
was negatively associated with stress after adjusting for vari-
ous factors. However, our findings showed no association be-
tween stress and polyphenol intake. In previous studies, the
effects of stress and polyphenol intake were observed in
women (Mofrad et al., 2019; Golmohammadi et al., 2023).
Including both men and women in this study may have influ-
enced the results in this way. Furthermore, polyphenols might
not have a direct mechanism of action affecting stress levels,
or the effects may not be significant enough to produce ob-
servable changes.

Additionally, polyphenols, commonly found in the Mediter-
ranean diet, have been linked to a lower prevalence of mental
disorders, especially depression and anxiety (Bayes et al.,

2020; Dominguez et al., 2021; Melguizo-Ibafiez et al., 2023).
Furthermore, polyphenol-rich foods have been associated
with improvements in depressive symptoms (Fisk et al.,
2020). According to our study, the difference between
MEDAS classification was statistically significant in tertiles
of polyphenol intake. In both unadjusted and adjusted mod-
els, MEDAS scores showed a statistically significant differ-
ence between tertiles. This suggests that dietary polyphenol
intake may be important in influencing MEDAS scores, po-
tentially impacting overall dietary quality and health out-
comes.

Short sleep duration is associated with obesity, hypertension,
type 2 diabetes, cardiovascular disease, and all-cause mortal-
ity compared to normal sleep duration (Yin et al., 2017).
These associations are thought to be partly mediated by
changes in nutritional intake, including fruit and vegetables,
which affect body weight and risk of chronic disease (Noor-
wali et al., 2018). Total polyphenol intake was reported to be
inversely associated with sleep duration (Noorwali et al.,
2018). Similarly, Golmohammadi et al. (2023) found that
higher dietary polyphenol intake was inversely associated
with sleep quality after adjusting for multiple factors. Addi-
tionally, it has been shown that individuals following the
Mediterranean diet are less likely to experience poor sleep
quality, insufficient sleep duration, excessive daytime sleep-
iness or insomnia symptoms (Scoditti et al., 2022; Godos et
al., 2024). We found no relationship between sleep quality
and polyphenol intake despite investigating the potential link.
This suggests that, within the scope of our research, polyphe-
nol consumption does not appear to significantly impact sleep
quality, and factors other than polyphenol intake may play a
more important role in influencing how well people sleep.

There are several limitations to the study. Firstly, the study
was cross-sectional, meaning we cannot establish a cause-
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and-effect relationship or the direction of the findings. Sec-
ond, the sample size is small and predominantly female,
which may limit the generalizability of the results to the entire
population. Third, residual confounders in our study, includ-
ing categorical variables (employment status, marital status,
educational status, physical activity, etc.), may have been a
factor. Despite these limitations, the study has several
strengths. First, we used the 7-day Food Record Method, con-
sidered the best method for analysing food consumption
(FAO, 2018). Second, the study controls for a wide range of
confounders. Third, the Phenol Explorer database accurately
calculated total polyphenol intake.

Conclusion

After controlling for confounders in this study, depression
and anxiety scores were significantly reduced across tertiles
of polyphenol intake, but no association was found between
polyphenol intake and sleep quality. Furthermore, there was
a significant association between polyphenol intake and
MEDAS. In conclusion, our findings revealed that dietary
polyphenols may have a beneficial effect on mental health
disorders such as depression and anxiety. However, dietary
polyphenols were not associated with sleep quality. Future
prospective studies with larger sample sizes are needed com-
pared with current results.
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determine the textural and sensory properties of vegan burger patties produced with plant-based
(soy and pea) protein sources instead of meat protein. For this purpose, 14 different vegan burger
patties produced with soy and pea-based protein alternatives were obtained from different brands
in the Istanbul market. Burger patties were analysed in terms of moisture content, cooking prop-
erties, instrumental colour, texture profile, and sensory properties. According to the results, pea-
based burger patties have a higher moisture content and cooking loss and a lower cooking yield
than soy-based patties. The L* and a* values of the pea-based patties tended to be higher than
those of the soy-based patties, while the b* values were generally higher. In addition, the texture
profile analysis of soy and pea-based burger patties shows differences in texture attributes that
may affect consumer preference and overall eating experience. In the sensory evaluation, a signif-
icant difference between soy and pea-based burger patties was observed only for juiciness and
spicy taste characteristics. The research findings shed light on alternative proteins' textural and
sensorial properties and their role in the food industry, particularly in developing vegan burger
patties. These differences in sensory attributes and colour and texture analysis between soy and
pea-based burger patties highlight the importance of ingredient selection and formulation in de-
veloping plant-based protein products.

Keywords: Pea-based burger patties, Sensorial properties, Soy-based burger patties,
Textural properties
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Introduction

Meat, the highest quality protein source among animal-origi-
nated food, has an excessively savoury taste and nutritional
attributes. Meat proteins are classified into two groups. Some
of them have all amino acids essential for the human body,
whereas the rest conduce to the food industry via their func-
tional features (Asgar et al., 2010; Piazza et al., 2015; Xiong,
2004). An increasing acceleration has been recorded in global
meat production, reaching 357 million tons in 2021 (FAO-
STAT, 2023). It is possible to say that this situation occurred
initially due to developments in the industry, followed by a
hectic work pace and personal preferences (Joseph et al.,
2020). On the other hand, the world population seems to be
growing rapidly and is estimated to be almost 9 billion by
2050. This means that people will need much more meat re-
sources than humans consume. For this reason, food factories
have developed alternative products that can replace meat.
However, consumers have become aware of the negative as-
pects of conventional meat, such as health effects, environ-
mental impacts, animal welfare, ethnical and religious be-
liefs, personal preferences and habits.

In terms of health impact, the high-fat content of meat, which
contains saturated fatty acids, causes serious health problems
such as cholesterol, stroke, diabetes type 2, colorectal cancer,
cardiovascular (CV) and cerebrovascular diseases (Cengiz &
Gokoglu, 2005; Muguerza et al., 2004; Profeta et al., 2021;
Richi et al., 2015; Simopoulos, 2002). Excessive intake of red
meat and meat products in routine diets seriously threatens
human health (Apostolidis & McLeay, 2019). For this reason,
the World Health Organization (WHO) recommends that fat
is between 15% and 30% of the calories in the diet, while
saturated fat should take place less than 10%. Also, it defends
that cholesterol intake must be limited to 300 mg/d in protec-
tive activity for CV diseases (WHO, 2003).

Livestock are a major part of the ecosystem, and the ecosys-
tem's functional movement relates to these animals' presence.
Raising livestock and meat production in recent years seems
to have vital effects on the environment, such as greenhouse
gas emissions and water pollution, leading to decreased bio-
diversity and increased climate change (Katare et al., 2022).
From this point of view, it is evaluated as a situation that trig-
gers meat consumers to experience anxiety (de Vries et al.,
2011; Erisman et al., 2011; Escribano et al., 2021; Profeta &
Hamm, 2019).

Animal welfare is another major reason for rejecting meat
consumption. The idea of protecting animal rights also sup-
ports it. This situation significantly affects people's choice to
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abandon animal protein and look for new alternatives (Tha-
vamani et al., 2020). Because of this, humans may tend to a
flexitarian or vegetarian diet or veganism (Profeta et al.,
2021). Moreover, according to ethnic and religious beliefs,
meat consumption differs in some geographies. The prohibi-
tion of different animal meat products in Muslims, Jews, and
Hindus alternative protein sources will fulfil the needs of con-
sumer communities (Asgar et al., 2010). High meat prices are
also one of the main reasons forcing food plants to switch to
other protein sources (Bhat & Karim, 2009; Boye et al.,
2010).

Alternative protein sources are divided into five groups:
plant-based alternative proteins, pulses, single-cell protein
(algae, mycoprotein) insects, and cultured meat (Onwezen et
al., 2021). Plant-based protein sources have the most wide-
spread production and consumption network. Legumes such
as soy, peas, beans, lentils, and chickpeas are used for this

purpose.

Soybean proteins are the largest source for manufacturing
texturized protein products worldwide. Soybean contains
35% to 40% protein, which is high quality due to its relatively
well-balanced composition of amino acids, especially lysine
(Dubois & Hoover, 1981; Golbitz & Jordan, 2006; Klein et
al., 1995). Also, they play a major role in food functionality
via some features such as gelling/textural capabilities, water
absorption, fat absorption, emulsification, elasticity, and col-
our control (Singh et al., 2008). Pea protein has become an
increasingly preferred protein source in recent years because
it is a non-genetically modified organism (GMO), gluten-
free, highly nutritious, and low-allergenic (Lam et al., 2018).
Pea protein exhibits a balanced amino acid profile, character-
ized by high levels of the amino acid lysine (Lu et al., 2020).
Pea seeds comprise approximately 23.4% protein, 21.2% to-
tal dietary fibre and 49.0% starch (Tulbek et al., 2024).

Plant-based meat alternatives reduce the burden by producing
less greenhouse gas emission, using less water (Keoleian &
Heller, 2018; Tilman & Clark, 2014) and leaving several
times less environmental footprint than industrial meat pro-
duction (Reijnders & Soret, 2003). The fact that it has bene-
ficial aspects in terms of health also causes people to tend to-
wards this direction. Even if consumers are still cautious
about the taste and edibility of these products, this can be con-
sidered an important transition to sustainable food consump-
tion (Szenderak et al., 2022).
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Based on this information, this study was carried out to de-
termine the textural and sensory qualities of vegan burger pat-
ties produced with plant-based protein sources such as soy
and pea instead of meat protein.

Materials and Methods
Sampling

Fourteen vegan burger patties produced with plant-based pro-
tein alternatives (soy and pea) from different brands commer-
cially available in Istanbul, Tiirkiye were collected from Sep-
tember 2023 — May 2024.

Seven soy-based (SB) and seven pea-based (PB) burger pat-
ties from three different batches were obtained from the mar-
kets at different times and delivered immediately to the labor-
atory in their original packaging (-18°C).

Physical and Cooking Properties

The moisture content of burger patties was determined by
drying 2 g of homogenised sample in a digital moisture ana-
lyzer (Sartorious MA45, Germany) at 105°C to constant
weight.

The cooking properties (cooking loss [CL], cooking yield
[%], reduction in the diameter of the burger [%], and reduc-
tion in burger thickness [%]) of burger patties were calculated
using the following equations (Murphy et al., 1975).

Immediately after opening, the raw burger patties were
cooked in an electric cooker at 150-170°C for 6 minutes (ap-
plying heat to both patty's faces for an average of 3 minutes).

Cooking loss = Weight of raw burger — Weight of cooked
burger

Cooking yield % = (Weight of cooked burger / Weight of raw
burger) x 100

Reduction in the diameter of the burger % = (Diameter of raw
burger — Diameter of cooked burger) / (Diameter of raw
burger) x 100

Reduction in burger thickness % = (Thickness of raw burger
— Thickness of cooked burger) / (Thickness of raw burger) x
100

Instrumental Colour Analysis

CIE L* (lightness), a* (redness) and b* (yellowness) values
of burger patties were determined using the HunterLab Color
Flex Colour Measurement System (Hunter Associates Labor-
atory, Inc., USA). All colour measurements were evaluated

in "daylight" mode using diffuse illumination (D65 2° ob-
server) with a viewing aperture of 8 mm and a port size of 25
mm. Five measurements were taken from each sample, and
the arithmetic means of the results were calculated (AMSA,
2012).

Texture Profile Analysis

The textural profiles of the vegan burger patties were deter-
mined by Instron (Model 3343, Instron, UK) texture profile
analyser. For the evaluation of the texture profile analysis
(TPA) of the samples, 6 measurements were performed for
each burger sample and the arithmetic averages were calcu-
lated. Hardness (N), cohesiveness, springiness (mm), chewi-
ness (J), gumminess (N) and adhesiveness (J) properties were
used to determine the texture profile of the analysed burger
samples. The values of these properties were calculated using
the following areas and distances and their related equations
(Bourne, 1978).

Sensory Analysis

Twelve trained panellists (5 females and 7 males, aged be-
tween 25 and 55) evaluated the sensory properties of the ve-
gan burger patties, serving each one raw or cooked (ISO
8586, 2023).

Raw burger samples were subjected to sensory evaluation im-
mediately after the packages were opened, and cooked burger
samples were subjected to sensory evaluation after being
cooked in an electric cooker at 150-170°C for 6 minutes.

The samples were evaluated in terms of appearance, colour,
odour, texture (both raw and cooked samples) and flavour
(cooked samples only) attributes using a 10-point bipolar
scale (0: extremely weak; 10: extremely strong) and arithme-
tic averages were recorded.

Statistical Analysis

The statistical differences between and within soy and pea-
based vegan burger patties groups were determined using
ANOVA (one-way analysis of variance). Duncan’s test was
used to control the significance of differences between the
groups (SPSS, 2017). The trial was conducted with three rep-
licates at different times.

Results and Discussion

In the last decade, several types of new generations of non-
meat protein alternatives with meat-like texture, aspect, die-
tary facts, aroma, and taste have entered the market (Hu et al.,
2019; Lu et al., 2020). With the unique imitation of meat, they
are expected to positively impact vegetarians and traditional
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meat-eaters (Szejda et al., 2020). In this context, the present
study aimed to evaluate the textural and sensory qualities of
vegan burger patty samples produced with plant-based pro-
tein sources such as soy and peas.

The component information given in the label of vegan burg-
ers is given in Table 1. Although the products were produced
with the same plant base, it was observed that there were dif-
ferences in nutrient values from producer to producer. The
protein values of soy-based burger patties varied between 12
and 21%. On the other hand, the protein values of pea-based
burger patties were detected in a much wider range of 12 to
44%. Despite the differences between the components, the
energy values of the products were close to each other, while
the energy amount increased in parallel with the increase in
protein level.

The moisture content and cooking properties of vegan burger
patties are shown in Table 2. Pea-based burger patties' mois-
ture content and cooking loss were higher than soy-based
ones. However, the cooking yield of pea-based vegan burger
patties was lower than soy-based burger patties. The average
moisture content varied between 40-62% (n: 7, ~50%) in pea-

based burger patties, while it was around 41-57% in soy-
based samples. Since the moisture loss caused by the cooking
process was higher in pea-based samples, hardness was ob-
served with increased binding in the products. Meanwhile,
the preservation of the raw product form was higher in soy-
based vegan burger patties with higher cooking yields. Simi-
larly, Bakhsh et al. (2021) reported the average moisture con-
tent of the plant-based meat analogue examined in their study
as 51.53+0.54%. Simard et al. (2021), who compared plant-
based patties' physicochemical and cooking properties with
animal-based burger patties, determined that the proportions
of the specified parts were lower in plant-based ones. The
same study reported that moisture loss was lower in plant-
based burger samples; high protein content and low fat and
starch content in the meatball composition helped the product
retain water. Studies have shown that moisture retention and
cooking loss percentage are inversely proportional. Likewise,
Chin et al. (2004) confirmed with their data that soy is another
plant-based ingredient that reduces cooking weight loss. It is
stated that reduced cooking loss is emphasized in product de-
velopment to attract consumers who appreciate juicier prod-
ucts (Yietal., 2012).

Table 1. Label information of proximate properties of soy and pea-based vegan burger patties (n=14)

Parameters
Sample
Protein (%) Fat (%) Carbohydrate (%) NaCl (%) Energy (kcal) Dietary fibre (%)
SB1 13.82 13.47 10.9 1.19 227.48 3.72
SB2 21.4 13.5 6.7 0.9 235 -
S SB3 14.2 14.9 2.9 1.14 207 -
oy-based vegan g, 13.5 4.1 73.4 0.3 339 -
burger patties
SBS 14.6 13.5 10.9 1.2 231 3.7
SB6 16.9 12.32 9.37 1,77 224.4 4.22
SB7 20.59 14.07 8.07 0.8 241
PB1 12 12 8 1.5 197 4
PB2 17.5 13.9 7.6 2.6 225.5 4.4
Pea-based PB3 12.7 13.7 8.5 2 209 -
ca-based Vegan  ppy 34.73 8.44 41.64 2 393.12 -
burger patties
PBS 36.16 8.23 43.2 1.8 391 -
PB6 18 8 6 1.2 168 -
PB7 44.1 7 33.2 0.6 234.8 9.8
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Table 2. Instrumental colour (CIE L* a* b*) and cooking parameters of soy and pea-vegan burger patties (n=14)

Parameters
Moisture Cooking Cooking Re(!uction in Red}l ction in
(%) Loss Yield (%) diameter thickness
(%) (%)
SB1  43.102:0.27  8.41°£0.05  15.14t0.23  54.82°+0.04 23.64°:0.04 76.45%:0.20 11.88:0.02 16.67°+0.04
SB2  32.552:0.61 1333024 17794042 5075%0.11 5444002  93.84:0.06 3.26%0.01  7.14%£0.02
SB3 5649044  737%0.16  27.19%0.17 52.7140.09  5.00%:0.04  9491:0.03 6.17°£0.02 25.00%:0.44
Soy-based SB4 445204027 17352031 1548035 56.97%0.13  9.29%:0.04  90.0740.03  2.332:0.09 13.33%+0.15
Vea%fizsb“rger SB5  40.16:0.56 10.06%0.18 16.96%+0.22  53.60:0.13  27.90:0.45  71.6740.08 10.00°+0.09 -
P SB6  36.170:0.68 132544028 252004053 54.52°+0.18  3.67%:0.09  94.66%0.15 4.11°£0.05 20.00°+0.45
SB7  41.64%4035 14.020+0.13 22.52:0.72  41.170.08  3.79%£0.09  93.39%:0.09  5.41%:0.04 .
P L wkk wkk fkk fkk wkk k% k%
PBI 50761046 10.1640.66 18.50°:0.35 51.48°:0.13 17.6060.27 81.62°:0.13  7.69%+0.05 ]
PB2  39.79%:0.44 12.88£0.19 18.17°0.55 49.75%:0.11 21.77t0.04 75.538:0.13  4.17°+0.08 20.00%:0.89
PB3 44394029  18.65::0.09 13.924£0.14 59.11°:0.05  3.780.09  89.460.09 1.00°0.13  1.67°0.09
Pea-based PB4 41774029 11384025 17.30°:0.55 40.762:0.09 18.51°+0.09  79.26%0.12  2.15%£0.07 6.25°+0.11
;Z%;:sb“rger PB5 45216032 14.97°:029 15.64t035 58.06°t0.03  5.58%:0.13  94.42b+0.19 3.45t0.13 20.00%:0.34
PB6  4849°:0.69 18.09%:033 22.05%045 51.89%£0.04 17.9620.01 83.649:0.06 4.30°+0.13 5.38°+0.17
PB7 44441045 737015 224794034  62.09%0.04  1.82%0.05  96.00%:0.45 - -
P L wkk wkk fkk fkk wkk k% k%

a-g Values within a column with different superscripts differ significantly at p<0.001(***)

The instrumental colour values of soy and pea-based burger
patties are given in Table 2. The lightness (L*), redness (a*),
and yellowness (b*) values of soy-based burger patties
ranged between 32.55-56.49, 7.37-17.35 and 15.14-27.19, re-
spectively. L*, a* and b* values of pea-based burger patties
ranged between 39.79-50.76, 9.37-18.65 and 13.92-22.47, re-
spectively. The mean L* and a* values of pea-based burger
patties were higher than soy-based burger patties, while the
mean b* values of soy-based burger patties were higher than
pea-based ones (Figure 1). The difference between soy and
pea-based samples was significant only in the lightness value.
This was due to the darker colour of pea-based burger patties
compared to soy-based ones. Bakhsh et al. (2021) reported
that the yellowish colour in products is due to the soy protein
content. Kyriakopoulou et al. (2019) reported that a yellow-
ish-brown colour directly affects the final product quality.
Also, the reason why plant-based burgers showed lesser
green-red (a¢*) and blue-yellow (b*) colour is because of the
compound which is called “leghemoglobin”, known as sym-
biotic haemoglobin (De Marchi et al., 2021). However, most
plant-based burgers on supermarket shelves have soy or pea
protein as ingredients, which help create the impression of
‘bleeding’ to imitate meat better, making these products more
attractive to consumers (Slade, 2018).

The texture profile analysis of soy and pea-based vegan
burger patties is shown in Tables 3 and 4. The differences in
the ingredients of soy and pea-based burger patties with dif-

ferent commercial formulations provided a significant differ-
ence in the texture profile analyses of the samples (p<0.05).
The hardness, cohesiveness, springiness, adhesiveness, gum-
miness and chewiness properties of vegan burgers were sim-
ilar in some patty formulations. At the same time, a signifi-
cant difference was observed in the rest of the vegan burger
patties (Table 3-4). The adhesiveness properties of pea-based
vegan burger patties were equivalent (p>0.05). At the same
time, significant differences were observed in all textural
properties for both based on vegan burger patties (p<0.05).
However, the variation in tenderness and juiciness properties
depending on the ingredients used in the formulations also
affected the chewiness properties of the products (p<0.001).
Meanwhile, the differences in hardness, springiness, gummi-
ness and chewiness were significant in the raw samples of soy
and pea-based burger groups. In contrast, there were signifi-
cant differences in springiness, adhesiveness and cohesive-
ness after cooking (p<0.05, Figure 2-3). The hardness and
chewiness values of cooked soy and pea-based samples that
lost moisture after cooking started showing similar character-
istics (p>0.05). In the study of Forster et al. (2024), most
plant-based burger samples were evaluated as high in terms
of cohesiveness. Also, all plant-based burgers generally re-
ceived lower scores for the attributes meaty, sweetness, and
umami and showed higher scores for bitterness and lingering
spice flavours. Samard et al. (2021) also reported that the ad-
hesiveness, chewiness and hardness of the samples were
weaker than the meat-based samples due to the presence of a
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weaker protein network compared to the structure of meat. In
the present study, a significant difference was recorded in the
adhesiveness of soy-based burger patties. Mabrouki et al.
(2023) also stated that chewing before swallowing was nec-
essary for patties made from beef rather than patties-origi-
nated peas. This difference is due to the different binding
components used in the product formulation. When consider-
ing sensory parameters, no statistical difference was observed

CIE L*
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5,00

0,00

Soy based burger

Research Article

in the appearance and colour characteristics of vegan burgers
of different brands produced by adding peas. In contrast, a
significant difference was found in colour intensity between
patties produced with soy. This is thought to be because of
different additives or spices used in the composition of the
patties, which affect the product's colour.

ar b*
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Figure 1. Comparison of instrumental colour values of soy and pea-based burger patties
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Figure 2. Comparison of texture profiles of raw soy and pea-based burger patties
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Figure 3. Comparison of texture profiles of cooked soy and pea-based burger patties

Table 3. Means and standard errors (SE) of textural properties of soy-based vegan burger patties (raw/cooked)

Soy-based HARDNESS SPRINGINESS ADHESIVENESS COHESIVENESS GUMMINESS CHEWINESS

vegan burger
patties Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

SB1 3 1.078% 0007 2.583 0.112  0.080°  0.025  0.621°  0.008  0.669° 0010 1.729%¢  0.079
SB2 3 1742¢ 0.049 3.500° 0190 0.225° 0028 0388 0011  0.677° 0034 2367  0.163
SB3 30806 0.011 2209¢ 0081 0312° 015  0339¢ 0005 0273 0.008  0.604¢  0.033
= SB4 32804 0349 2749 0449 0828 0309  0372¢ 0036  1.128° 0241  3.088°  0.727
= SBS 30 1.349% 0,026 2.042¢  0.032  0.041° 0011  0.646°  0.008  0.871° 0.019 1.778"¢  0.052
SB6 305457 0.034  4.580° 0201 0.241°  0.046 0456 0015  0249° 0.020 1138  0.083
SB7 305027* 0243 23759 0.081 0.169° 0014 0528  0.023  1983* 0413  4556°  0.906
SB1 3 4754 0045 16670 0.140 0.139°  0.046  0.625*  0.008  2972° 0.040  4.959°  0.440
SB2 302896 0175 3.209° 0110 0.253* 0076 0358 0007  1.036° 0062 3334¢ 0246
2 SB3 301289 0.059 3.084® 0227 0416™  0.83  0.241° 0015  0315¢ 0032 0980  0.128
2 SB4 309173 0154 2750 0220 0.646° 0139 0.469° 0016 4303 0142 11723 0.700
g sBs 307574 0356 2458 0.033  0.508°  0.140  0.568"  0.010  4.28%° 0.158 10.536*  0.381
S SB6 30986 0.059 3.083® 0.083 0204 0042 0453  0.009  0447¢ 0.032 1384  0.120
SB7 306320 0.044 3250° 0.083 0207 0017  0372¢ 0021  0.191¢ 0054 0.607°  0.164

n: number of analyzed samples. *: p<0.05. **: p<0.01. ***: p<0.001.
a-f Values within a column with different superscripts differ significant.
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Table 4. Means and standard errors (SE) of textural properties of pea-based vegan burger patties (raw/cooked)

Pea-based

b HARDNESS SPRINGINESS ADHESIVENESS COHESIVENESS GUMMINESS CHEWINESS
‘egan burger

:)jl%fies Hree Mean SE Mean SE Mean SE. Mean SE Mean SE. Mean SE

PB1 3 0.509¢  0.013 3.750P 0.935 0.361% 0.053 0.500° 0.008 0.254%  0.009 0.988° 0.263

PB2 3 0.978*  0.037 1.958¢ 0.193  0.132¢ 0.036 0.448¢ 0.015 0.440°  0.027 0.857° 0.087

PB3 3 0.667¢  0.015 4.875% 0.161  0.481° 0.177 0.442¢ 0.014 02944 0.007 1.436> 0.074

= PB4 3 0.546° 0.023 4.0832 0.250  0.289% 0.024 0.3644 0.019 0.197¢f  0.006  0.802°  0.045

§ PB5 3 0.816¢  0.025 5.167% 0.264  0.9422 0.104 0.419¢ 0.025 0.339°  0.010 1.764> 0.145

PB6 3 1.2352  0.050 4.54220 0.170  0.511b 0.026 0.5852 0.011 0.725%  0.041 3.258*  0.087

PB7 3 0.6549  0.029 3.626° 0.178  0.252%¢ 0.053 0.285¢ 0.023 0.186 0.016 0.682¢ 0.078

PB1 3 3.842¢  0.150 1.750¢ 0.064 0.176 0.043 0.566° 0.013 2.181°  0.126 3.854¢ 0.376

PB2 3 3.909¢ 0.133 2.417¢4 0.124 0.184 0.059 0.585% 0.010 2282 0.057 5.533° 0.371

a PB3 3 2.6629  0.216 2.2924 0.122 0.106 0.035 0.505¢ 0.009 1.336°  0.087 3.035¢ 0.192

E PB4 3 3.581¢  0.147 2.792% 0.122 0.223 0.053 0.566° 0.019 2.034*  0.130 5.639° 0.345

8 PB5 3 5.718*  0.459 2.750b¢ 0.135 0.207 0.066 0.570° 0.005 3.260*  0.264 8.903* 0.716

Q PB6 3 4901° 0244  2.459bd  0.062 0.173 0.027 0.6202 0.009 3.041*  0.171 7.516* 0.596

PB7 3 1.112¢  0.083 3.1252 0.153 0.275 0.118 0.3334 0.027 0.3819  0.058 1.164° 0.148

n: number of analyzed samples. NS: Not significant.
a-f Values within a column with different superscripts differ significantly at p<0.001(***)

The sensory properties (appearance, colour, odour, texture
and flavour) of soy and pea-based vegan burger patties are
shown in Figures 4 and 5. A significant difference was ob-
served in colour intensity between the soy-based burger pat-
ties. However, there was no significant difference in the ap-
pearance and colour characteristics of pea-based vegan
burger patties belonging to different brands. This is thought
to be because of different additives or spices used in the com-
position of burger patties on the product's colour. There was
no difference between the odour characteristics of vegan
burger patties produced with soy and peas. When soy and
pea-based burger patties were compared with each other in
terms of odour characteristics, the mealy odour characteris-
tics of pea-based samples were determined to be more intense
than soy-based samples, and this difference was found to be
significant (p<0.05, Fig 4). There was a significant difference
in adhesiveness attributes between the vegan burger patties
produced with soy (p<0.01). This difference is due to the dif-
ferent binding components used in the product formulation
(e.g. pea starch, potato starch, methylcellulose, carrageenan).
Different spice ratios used in the formulation provided a sta-
tistical difference between soy-based vegan burger patties.
The difference between pea-based burger patties was signifi-
cant only in tenderness and juiciness (p<0.05). In comparison
between the soy and pea-based burger patties, a significant

difference was observed in only juiciness and spicy taste at-
tributes (p<0.01). Pea-based burger patties were juicier than
soy-based ones, while soy-based patties had a more spicy fla-
vour than pea-based patties (Figures 4-5). The difference in
juiciness observed between the pea-based vegan patties pro-
duced with different ingredients caused the pea-based prod-
ucts to be perceived as juicier than soy-based ones. The soy-
based product was reported as a factor that negatively af-
fected the juiciness (Chin et al., 2024). In comparing the taste
characteristics of the soy and pea groups, only the difference
in spicy taste characteristics was found to be significant. Dif-
ferent spice ratios used in the formulation created a statistical
difference between soy-based burger patties. Briefly, food
scientists are investigating strategies to improve the quality
parameters of meat analogues. In parallel with the increasing
consumer demand, all efforts are focused on developing for-
mulations and cooking methods to improve alternative pro-
tein sources' colour, flavour, and texture. In this context, it
should be noted that the choice of protein source is an im-
portant factor to consider, as it can affect the sensory charac-
teristics of the final product (Fiorentini et al., 2020). Also, the
textural quality is influenced by many factors. Smaller parti-
cles create a smoother texture, while larger particles create a
more granular texture. The particle organisation plays an im-
portant role in texture perception (Ilic et al., 2024).
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Figure 5. Comparison of sensory properties (texture) of soy and pea-based burger patties
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Conclusion

There is a growing trend towards plant-based protein sources
due to animal welfare, health effects, environmental impact,
and ethnic and religious beliefs. Therefore, patties produced
with plant-based protein alternatives can be a good alternative
to animal-based patties. To successfully produce meatless
plant-based protein patties with a texture that is as close as
possible to that of a meat-based burger patty, the textural and
sensorial properties of the patties must be well understood. In
the present study, texture profile analyses of soy and pea-
based burger patties showed differences in texture character-
istics, which may affect consumer liking and preferences.
Among the sensory characteristics of soya and pea-based
burger patties, only the difference in juiciness and spicy fla-
vour was significant. The differences in textural and sensorial
attributes between soy and pea-based burger patties highlight
the importance of ingredient selection and formulation in de-
veloping plant-based protein products. In conclusion, the re-
search findings remark on plant-based protein sources' tex-
tural and sensorial quality profiles to understand and meet
consumer expectations and demands for these products. Also,
it should be added that protein source is an important factor
which is decisive over the sensory characteristics of the final
product.
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ABSTRACT

This study aimed to investigate the relationship between nutrition literacy (NL) score and quality
of life (QoL) score for adults aged 19-64. The study included 430 adults. Data were collected
through a questionnaire, the Evaluation Instrument of Nutrition Literacy on Adults (EINLA),
and the European Health Impact Scale (EUROHIS). Sociodemographic data, anthropometric
measurements, and biochemical parameters of adults were collected. The data were interpreted by
T-test, One-Way Analysis of Variance (ANOVA), Chi-squared Test, and Pearson correlation
analysis through the SPSS 21.0 IBM package program. 59.8% of participants had sufficient
NL. Participants with enough EINLA scores had significantly lower body weight, body fat
mass, fasting blood glucose, and triglyceride. The mean EUROHIS scores of participants with
bachelor/postgraduate degrees were considerably higher than those with primary school gradu-
ates. A negative correlation was found between the age and BMI of the participants and their NL
scores. It has been shown that there is a very weak positive correlation between the NL score and
the QoL level of adults. As the NL level of adults increases, the QoL is expected to improve.
According to the findings obtained from the research, it is necessary to increase the community's
level of NL.

Keywords: Literacy, Nutrition, Nutrition literacy, Quality of life.
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Introduction

According to the World Health Organization (WHO), health
is a state of complete physical, mental, and social well-being
(WHO, 1948). Although many factors affect health, nutrition
is a critical part of health (WHO, 2018). Among the reasons
that prevent sufficient and balanced nutrition, the low nutri-
tion literacy (NL) level of adults is an important factor
(Kadioglu, 2019).

Nutrition literacy is an adult’s ability to access, understand
and interpret food and nutrition information and to apply this
information to his/her life. Increasing the level of NL contrib-
utes to accessing accurate information about nutrients, mak-
ing and implementing healthy nutritional decisions, and pro-
tecting and maintaining an adult's health (Aktas & Ozdogan,
2016).

Quality of life (QoL) is defined as how a person perceives
his/her place in life in terms of the culture and values in which
he/she lives within the framework of his/her life goals and
expectations (WHO, 2012). The prolonged life expectancy of
the public has made QoL more important (Eser, 2014). Adults
need to be nutritionally literate at a sufficient level for the
prevention and management of nutrition-related diseases that
negatively affect QoL (T.C. Saglik Bakanligi, 2015).

There is a strong relationship between nutrition and QoL. A
better QoL can be maintained with a sufficient and balanced
diet (Sahin, 2014). It is thought that the QoL can be improved
with an increase in the level of NL of the public (Rochman et
al., 2018). The study aimed to determine the relationship be-
tween NL levels and adult QoL.

Materials and Methods
Objective and Type

This cross-sectional study was conducted with 124 males
and 306 females between May 6, 2019, and January 6, 2020,
at Kiitahya Evliya Celebi Training and Research Hospital to
determine the relationship between NL levels and QoL in
adults.

Sample of the Study

GPOWER 3.1 package program was used to determine the
sample size. As a result of the calculations made by taking
the 95% confidence level, 0.05 margin of error and the power
of the test (1-B) 0.80 (effect size=0.2447225), the minimum
sample size was determined as 416 people. Four hundred
thirty voluntary adults between the ages of 19-64 years, who

were at least in primary school, not pregnant and not wear-
ing a pacemaker and who applied to the diet outpatient
clinic for the first time, participated in the study.

Data Collection

Data were obtained using a personal information question-
naire, the Evaluation Instrument of Nutrition Literacy on
Adults (EINLA) and the European Health Impact Scale
(EUROHIS) (Cesur, 2014; Eser et al., 2011). Necessary per-
missions were obtained from the scale owners. The personal
information questionnaire includes gender, age, education,
health status, general characteristics, anthropometric meas-
urements, dietary habits, physical activity status and blood
tests (fasting blood glucose (FBG), total cholesterol, low-
density lipoprotein (LDL), high-density lipoprotein (HDL)
and triglycerides) performed in the last 6 months.

The height of the participants was measured with a Mesilife
brand height meter. Body weight, body fat mass and fat per-
centage were measured using a Jawon X-Contact bioelectri-
cal impedance analyser (BIA). Body mass index (BMI) was
calculated according to the formula "body weight (kg) /
height’ (m?)" using body weight and square meters of
height. World Health Organization values were taken as a
reference in the evaluation of the BMI of the participants
(WHO, 2023).

Instruments

Evaluation instrument of nutrition literacy on adults
(EINLA): The EINLA, the validity and reliability of which
was performed by Cesur, Kocoglu and Sumer (2015), con-
sists of five subsections and a total of 35 questions. The
first sub-section consists of 10 questions on general nutri-
tion information, the second sub-section consists of 6
questions on reading comprehension, and the third sub-sec-
tion consists of 10 questions on food groups. The fourth sub-
section consists of 3 questions on portion sizes, and the fifth
sub-section consists of 6 questions on food labelling and nu-
merical literacy (Cesur et al., 2015). Each correct answer is
worth one point. In total, scores between 0-11 were reported
as insufficient, 12-23 as borderline, and 24-35 as sufficient
(Cesur, 2014). Cronbach's alpha on this scale was 0.76 in this
study.

European health impact scale (EUROHIS): EUROHIS is
a QoL scale comprising eight questions. Responses to sur-
vey items were based on a five-point Likert type (1 = not at
all; 5 =completely). The EUROHIS total score is formed
by a simple summation of scores on the eight items.
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As the scale score increases, the QoL increases. Eser et al.
(2011) performed its validity and reliability. In this study,
Cronbach's alpha on this scale was 0.77.

Statistical Analysis

The data obtained in this study was evaluated through SPSS
21.0 IBM (Statistical Program for Social Sciences) program.
The Kolmogorov-Smirnov test was utilised to assess the nor-
mal distribution conformity of the quantitative data. Since
the sample group was normally distributed, parametric
tests were used. Descriptive statistical methods were used to
analyse sociodemographic data: T-test (t), One-Way Analy-
sis of Variance (ANOVA) (F), and Chi-squared test (X?)
were used to compare groups. The Pearson Correlation
analysis (r) method was used to determine the relationship
between variables. The results were considered statistically
significant for p<0.05.

Ethical Dimension of the Research

Permission was obtained from Kiitahya Health Sciences
University Non-Interventional Clinical Research Ethics
Committee (Decision no: 2019/04, Date: 19.03.2019). In-
stitutional permission was obtained from the Kiitahya
Evliya Celebi Training and Research Hospital administration.
This study was conducted by the guidelines outlined in the
Declaration of Helsinki. Data collection started after in-
formed consent was obtained from all participants.

Results and Discussion

Among the adults who participated in the study, 71.2% were
female, 35.6% were between the ages of 34 and 48, and
35.1% had bachelor/ postgraduate degrees. Participants with
at least one chronic disease diagnosed by a doctor comprised
63.5% of the sample. The BMI distribution of the partic-
ipants showed that 37.7% were obese and 30.7% were over-
weight (Table 1).

When the scores obtained from the EINLA are analysed,
59.8% of the adults are at the sufficient NL level. While
62.1% of the participants were inadequate for the fifth section
and 44.9% for the fourth section (Table 2). Nutrition literacy
is one of the most important points for adults in public to
exhibit sufficient and balanced nutrition behaviours (Unal,
2017). In this study, the NL of 59.8% of the participants
was sufficient. In various studies, the rate of sufficient NL
varies between 32.1% and 94.4% (Cesur, 2014; Ozdenk &
Ozcebe, 2018; Pinarli, 2019; Uzun, 2019; Unal, 2017). This
may be due to methodological differences in the studies, the
scales used, and the dates of the studies. Similar to the find-
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ing in this study, Son's study on adults in Afyonkarahisar re-
ported that 61.4% of the participants were nutritionally lit-
erate at a sufficient level (Son, 2023). Unal showed that
94.4% of adults had sufficient NL. Unal's study was con-
ducted with adults who applied to the obesity counselling
unit (Unal, 2017). Therefore, it is thought that adults may
have a high level of awareness about nutrition and,
therefore, a high level of NL. In another recent study,
81.8% of adults were nutritionally literate. Since the study
by Demirer and Yardimei (2023) was conducted on adults
working at universities, this rate may have been high. In the
study conducted in Kirsehir, the percentage of adults with a
sufficient level of NL (32.1%) (Ozdenk & Ozcebe, 2018)
was lower than in this study, which may be due to the
difference in the socio-economic development levels of the
cities where the research was conducted.

Participants were analysed in three groups: sufficient, border-
line, and insufficient regarding EINLA scores. While no
significant difference was found between genders
(p=0.142), a significant difference was found in terms of
age groups, education level, disease and BMI group
(p<0.001) (Table 3). Participants with sufficient EINLA
scores are mostly distributed in the 19-33 age group (45.1%)
and bachelor/ postgraduate degrees (52.5%). In contrast,
those with insufficient scores are mostly distributed in those
with disease (85%) and obese people (60%).

Supporting the finding in this study, Unal also found no
difference between genders (Unal, 2017). In many studies,
the NL of women was found to be higher (Kalkan, 2019;
Michou et al., 2019; Son, 2023; Demirer & Yardimci, 2023).
The lack of difference between genders in this study may be
because men are now involved in cooking and food shopping
in our public.

In this study, in parallel with the literature, the distribution
of people with sufficient NL level was in the group of
bachelor/postgraduate degrees (Cesur, 2014; Spronk et al.,
2014; Unal, 2017; De Vriendt, Matthys, Verbeke, Pynaert &
De Henauw, 2019; Michou et al., 2019). As an adult's educa-
tional level increases, nutritional knowledge increases (Ce-
sur, 2014; Zoellner et al., 2019).

The nutritional knowledge level of an adult may be effec-
tive in preventing nutrition-related diseases (Madali et al.,
2017). In this study, it was noted that adults with chronic
diseases exhibited inadequate NL levels. A low level of NL
may make a person more vulnerable to developing the dis-
ease. Cesur showed no relationship between chronic disease
status and NL level (Cesur, 2014). Unal stated that adults
with chronic diseases had higher NL levels (Unal, 2017).



Research Article

Food and Health 10(4), 286-295 (2024) ® https://doi.org/10.3153/FH24027

Based on their EINLA scores, Table 4 shows the participants'
mean anthropometric measures and biochemical parameters.
It was determined that there was a significant difference be-
tween the groups in terms of body weight (F=14.579,
p<0.001), body fat mass (F=14.798, p<0.001), FBG
(F=17.170, p<0.001), and triglyceride (F=3.701, p<0.05)
values. Participants with sufficient EINLA scores had sig-
nificantly lower body weight, body fat mass, FBG, and tri-
glyceride values than those with insufficient and borderline
scores.

In this study, participants with sufficient EINLA scores
had significantly lower body weight, body fat mass, fasting
blood glucose and triglyceride values than insufficient and
borderline scores. Mearns et al. showed a positive correlation
between NL and high-density lipoprotein value (Mearns et
al., 2017). Another study reported that people who received
nutrition education had significantly lower fasting blood glu-
cose levels, low-density lipoprotein and total cholesterol
(Malek, 2010). It has been shown that NL may affect blood
glucose and blood lipid profile.

When the QoL was compared according to the participants'
general characteristics, no significant difference was ob-
served in EUROHIS scores regarding gender, age group,
disease status and BMI. There was a significant differ-
ence in EUROHIS total scores according to the education
level of the participants (p<0.05). It was shown that partici-
pants in primary school had significantly lower EUROHIS
total scores than those with bachelor/ postgraduate degrees
(Table 5).

In this study, there was a significant difference in EURO-
HIS total scores according to the educational status of the
participants. Akbal found that university graduates had
higher EUROHIS scores (Akbal, 2010). Similarly, Eser
et al. showed that adults with lower education levels
had lower EUROHIS scores (2011). In parallel with the in-
crease in an adult's education level, his/her economic income
increases, and he/she can lead a better-quality life.

Table 6 shows the positive correlation between the total
score and the first, second, and fifth subscale scores of the
EINLA and EUROHIS total scores (r=0.166, p=0.001;
r=0.187, p<0.001; r=0.172, p<0.001; r=0.102, p<0.05, re-
spectively).

A negative correlation was discovered between age, all sub-
sections, and the total scores of the EINLA. In parallel with
this result, some studies have reported that the NL level de-
creases with age (Lassetter et al., 2015; Michou et al., 2019).

This may be related to the fact that the elderly have more dif-
ficulty with math calculations, reading food labels, and por-
tion calculations than younger people.

There was an inverse correlation between BMI and the first,
second, third and fifth subsections and total scores of the
EINLA. In parallel with the findings in this study, various
studies have also shown a negative correlation between BMI
and NL (Erem & Bektas, 2023; Lassetter et al., 2015;
Mearns et al., 2017; Pinarl, 2019; Unal, 2017). At the same
time, it was found that adults with sufficient NL had lower
body weight and fat mass. Mearns et al. (2017) and Pinarli
(2019) found a negative correlation between NL and body
fat percentage in their studies. NL has the necessary
knowledge about sufficient and balanced nutrition and
contributes to an adult making the right food choices in this
direction (Unal, 2017).

This study demonstrated a weak positive correlation between
the EINLA and EUROHIS scores. Some studies have
shown a positive correlation between QoL and NL (Cesur,
2014; Erem & Bektas, 2023). Sufficient and balanced nu-
trition improves QoL by preventing nutrition-related dis-
eases and providing the best health status (Amarantos
et al.,, 2001). People with sufficient knowledge about nu-
trition can pay more attention to their diets, read more food
labels, and make more effort to choose healthy food when
shopping for food. Thus, they can be protected from nutri-
tion-related diseases and have a higher QoL.

Limitations

The study's limitations include the fact that only adults living
in Kiitahya were included in the sample, and the results can-
not be generalised to the population. In addition, the study
was conducted in a hospital and was based on self-report.
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Table 1. Sociodemographic Characteristics and BMI Classification of the Participants (n:430)

n %
Gender
Male 124 28.8
Female 306 71.2
Age group
19-33 149 34.7
34-48 153 35.6
49-64 128 29.7
Education level
Primary school 123 28.6
Secondary school 42 9.8
High school 114 26.5
Bachelor/ Postgraduate degree 151 35.1
Profession
Housewife 135 31.4
Government employee 118 27.4
Self-employment 64 14.9
Labourer 53 12.3
Retired 23 53
Not working 37 8.7
History of disease
Yes 273 63.5
No 157 36.5
Diseases
Obesity 162 34.0
Diabetes mellitus 83 17.4
Hypertension 75 15.7
Digestive System Diseases 53 11.1
Kidney Diseases 46 9.6
Cardiovascular Diseases 41 8.6
Other (Liver Diseases, Neurological Diseases) 17 3.6
BMI Group
Underweight 15 35
Normal 121 28.1
Overweight 132 30.7
Obese 162 37.7

mean=SD

Age (years) 40.23£12.46

*Participants marked more than one option. fPatient adults answered.

Table 2. Distribution of the Total and Subsection Scores of the Participants in the EINLA

Insufficient Borderline Sufficient

n ) n % n %
EINLA total 20 4.7 153 35.6 257 59.8
EINLA Sub-section
1. General Nutrition Information 11 2.6 135 314 284 66.0
2. Reading Comprehension 36 8.4 118 274 276 64.2
3. Food Groups 31 7.2 71 16.5 328 76.3
4. Size of Servings 193 449 169 393 68 15.8
5. Food Label and Numerical Literacy 267 62.1 110 256 53 12.3

EINLA: Evaluation Instrument of Nutrition Literacy on Adults
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Table 3. Comparison of the General Characteristics of the Participants According to Their Scores in the EINLA

Insufficient Borderline Sufficient

n % n %
Gender
Male 5 25.0 53 346 66 25.7 3.902 0.142
Female 15 75.0 100 654 191 74.3
Age group
19-33 1 5.0 32 209 116 45.1
34-48 5 25.0 47 30.7 101 39.3  70.275 <0.000%
49-64 14 70.0 74 48.4 40 15.6
Education level
Primary school 17 85.0 77 50.3 29 11.3
Secondary school 1 5.0 24 15.7 17 6.6 142,981 <0.000*
High school 1 5.0 37 242 76 29.6
Bachelor/ Postgraduate degree 1 5.0 15 9.8 135 52.5

History of disease

Yes 17 85.0 116 75.8 140 545  23.032 <0.000*
No 3 15.0 37 242 117 45.5

BMI Group

Underweight - - 2 1.3 13 5.0

Normal 1 5.0 26 17.0 94 36.6  45.508 <0.000*
Overweight 7 35.0 42 275 83 323

Obese 12 60.0 83 542 67 26.1

Chi-squared test. *p<0.001

Tablo 4. The Mean Anthropometric Measurements and Biochemical Parameters of the Participants Ac-
cording to the EINLA Scores.

Insufficient Borderline Sufficient
Mean SD Mean SD Mean SD F p

Body weight 84.22 15.46 80.04 15.36 72.35 1597  14.579** <0.000

(kg)

Body fat mass 28.10 11.23 25.84 10.99 20.85 9.20 14.798** <0.000
(kg)

FBG (mg/dl) 118.90 38.55 116.25 45.32 97.10 24.06 17.170** <0.000

Total 202.20 29.51 196.10 46.67 187.51 39.22 2.756 0.065
cholesterol

(mg/dl)

Triglycerides 177.75 111.09 172.40 129.33 141.26 113.11 3.701* 0.025
(mg/dl)

HDL (mg/dl) 46.90 6.68 47.75 10.45 49.79 10.56 2.262 0.105
LDL (mg/dl) 122.90 26.05 117.51 38.74 112.68 32.90 1.480 0.229

ANOVA test. *p<0.05, **p<0.001
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Table 5. Distribution of EUROHIS Total Scores According to General Characteristics of Participants

EUROHIS total score t/F ]
(Mean £SD)
Gender'
Male 29.02+5.11 1.408 0.160
Female 28.26+4.77
Age group?
19-33 28.32+4.47
34-48 29.08+4.84 2.037 0.132
49-64 27.95+5.31
Education level*
Primary school 27.47+5.61
Secondary school 28.00+5.55 3.247 0.022*
High school 28.76+4.79
Bachelor/ Postgraduate degree 29.23+4.22
History of disease’
Yes 28.18+4.97 1.749 0.081
No 29.01+4.66
BMI group®
Underweight 28.27+3.84
Normal 28.93+4.39 6.807 0.078
Overweight 29.08+4.78
Obese 27.68+5.28

EUROHIS: European Health Impact Scale
*p<0.05, TT-Test, 1One-Way ANOVA

Table 6. Correlation Between Age, BMI, EUROHIS, and Sub-section and Total Scores of the Participants in the EINLA

Age BMI EUROHIS Total score
[EINLA Sub-section r r r
1. General Nutrition Information -0.374% -0.333f 0.187
2. Reading Comprehension -0.2961 -0.250% 0.172
3. Food Groups -0.2647 -0.229° 0.081
4. Size of Servings -0.141° -0.058 0.063
5. Food Label and Numerical -0.4307 -0.400" 0.102
Literacy
EINLA total score -0.453% -0.394f 0.166
Pearson Correlation. BMI; Body mass index, EINLA; Evaluation Instrument of Nutrition Literacy on Adults, EUROHIS; Eu-
ropean

Health Impact Scale
*p<0.05, Tp<0.01



Research Article

Food and Health 10(4), 286-295 (2024) ® https://doi.org/10.3153/FH24027

Conclusion

It is thought that the prevalence of obesity can be reduced by
increasing the NL level of adults in the public. In this con-
text, some policies should be established, and various train-
ing programs should be organised to increase the NL levels
of adults in our country. Since the NL level of middle-aged
and older adults and adults with chronic diseases is insuffi-
cient, nutrition training should be organised for these
groups. Although the readability levels of the materials used
in nutrition education should be considered, they must ap-
peal to all individuals in the public. Nutrition education
should be aimed at individuals applying what they have
learned. It is important to increase the educational status of
individuals to increase the public's QoL. As the NL level of
the public increases, the QoL is also predicted to increase. It
is recommended that experts should organise necessary
training and conferences on nutrition. Thus, it is thought
that the QoL of individuals in the public can increase.
This study contributed to the literature as a study inves-
tigating the relationship between NL and QoL and shows
that further studies with different populations are needed.
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ABSTRACT

The microbiome of human beings, especially the gut microbiota, appears to be the most potent
element of the human body responsible for health and disease. Various herbs and spices often used
in cooking and exceptionally high in bioactive substances like polyphenols, terpenes, and flavo-
noids are getting more attention for their proposed effect on gut health. This study aims to examine
the links between culinary herbs and spices and the gut microbiome and to review the latest re-
search findings. Human microbiota has a variable number of bacteria, and the composition and
properties of their microbiomes depend on diet, lifestyle, and environmental factors. The current
literature demonstrates that phytochemicals in spices and herbs can modify gut microbiota, which
may result in lower inflammation, better digestion, and prevention of non-communicable diseases.
It has been proven with further studies that herbs such as cinnamon, ginger, turmeric and rosemary
are beneficial for the intestines and have shown positive results in animal and human studies. In
conclusion, adding culinary herbs and spices to the diet provides a straightforward but powerful
means to preserve a healthy gut microbiota, and supports overall better health.

Keywords: Culinary herbs, Gut microbiota, Prebiotic, Spices
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Introduction

Bacteria are among the most important microorganisms that
inhabit the human body, although viruses, protozoa, fungi,
and archaea are also present. All together, they are known as
the human microbiome. The bacteria in the digestive system
are known as the gut flora or gut microbes. The human body
contains more bacterial cells than human cells, with around
40 trillion bacterial cells compared to 30 trillion human cells
(Sasso et al., 2023). The collective genome of gut bacteria is
more than 100 times larger than the human genome. Given
the microbiota's tremendous genetic potential, it is expected
to play a role in almost every physiological activity in the hu-
man body (Cénit et al., 2014; Hasan & Yang, 2019). The hu-
man microbiome is critical for both health and disease. It
works close to the digestive tract significantly (Jandhyala,
2015). The gastrointestinal tract is regularly influenced by
various environments, significantly affecting the structure,
functioning and metabolism of each individual's gut microbi-
ome (Kolodziejczyk et al., 2019). Diet is the main factor in
the development of the environment in the human gut. Hence,
host diet changes are responsible for microbiome alterations.
Gut bacteria perform these functions by digesting complex
carbohydrates and amino acids, fermenting food, digesting
proteins and lipids, and producing Short-chain fatty acids
(SCFAs) — acetate, propionate, and butyrate (Cani et al.,
2021).

Using spices and herbs in cooking and medicine can benefit
the stomach and other health issues. They have recently
gained attention in assessing gut microbes because of their
high concentrations of polyphenols, antioxidants, and anti-in-
flammatory properties. These components provide scope for
positive health impacts, which may include a reduction in in-
flammatory disorders, proper for cardiovascular diseases and
obesity in some cases, and prevent incidents of dementia
(Kim et al., 2017; Vamanu et al., 2019). The plant leaf is a
culinary herb, and any other dried part of the plant is termed
a spice. Spices can come from various parts of plants: buds
like cloves, bark like cinnamon, roots like ginger, berries like
peppercorns, seeds like cumin, and even the stigma of flowers
like saffron (Tapsell et al., 2006). Ancient medical systems
like Ayurveda, traditional African medicine, and traditional
Chinese medicine combine medicinal plants for enhanced bi-
ological effects over individual herbs (Mussarat et al., 2021).

The primary goal of this paper is to review recent research on
gut microbiota and culinary herbs and spices. This review fo-
cuses on cinnamon, ginger, turmeric, and rosemary due to
their well-documented bioactive properties and widespread

culinary and medicinal use. Cinnamon is known for its anti-
microbial and anti-inflammatory properties, ginger for its di-
gestive benefits, turmeric for its anti-inflammatory and anti-
oxidant effects, and rosemary for its antioxidant and mood-
enhancing effects. By exploring these herbs, the paper aims
to provide insights into how they can influence gut health and
overall well-being.

Role of Culinary Herbs in Traditional Medicine
and Cuisine

Herbs and spices have a long history in culinary applications,
medicinal properties, and as natural preservatives (Tapsell et
al., 2006). Herbs and spices are traditional culinary ingredi-
ents used for flavour enhancement, food preservation, aro-
matic qualities, and most importantly, for medical use, in-
cluding digestive aid, nausea prevention, and boosting gen-
eral health in ancient and modern times (Dahl et al., 2023). A
papyrus from ancient Egypt, dating back to 1555 BCE, rec-
ords the use of coriander, fennel, juniper, cumin, garlic, and
thyme. The Sumerians utilised thyme for its health benefits
starting in 5000 BCE, while Mesopotamian farmers culti-
vated garlic from 3000 BCE. An ancient trade in spices with
Ethiopia lasted from 4500 to 1900 BCE. Egyptians highly re-
garded garlic, as garlic cloves were discovered in King Tu-
tankhamun's tomb. Mint leaves were found in pyramids in
Egypt dating back to approximately 1000 BCE (Block E,
1986; Chevallier A., 1996). Plants were used more often than
spices in ancient Greece and Rome. Hippocrates (460 BCE)
used over 300 substances, such as locally obtainable garlic
and real cinnamon. It has been claimed that garlic can help
with uterine cancer. Along with repairing the digestive sys-
tem, mint was also good to combat all kinds of breath prob-
lems. At the same time, liquorice honey was suitable as a des-
sert to treat all respiratory disorders, even colds, coughs,
asthma, and mouth sores. Although centuries before, garlic
was also used to improve memory (Sharangi, 2018). Ayur-
veda, the ancient medical system believed to have originated
in the Himalayas over 5000 years ago, was documented in
Sanskrit poetry around the Vedas in 1500 BCE. It reached its
peak in the seventh century. Ayurveda is a comprehensive
medical theory revered as the ultimate health science. It pre-
vents illness by promoting well-being and emphasising good
eating habits. Ayurvedic medicine uses various herbs and
spices to provide health-promoting benefits. Such herbs and
spices include turmeric, used to treat jaundice; basil, which
protects the cardiovascular system; mace, which helps with
gastrointestinal infections; cinnamon, which enhances blood
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circulation; and ginger, which is multipurpose and signifi-
cantly helps in the treatment of nausea. An anecdote elabo-
rates on an individual taking up to 50 grams of garlic per
week (Vladirmirescu, 2011).

Composition and Properties of Gut microbiota

The gut microbiota is a rich ecosystem of numerous microor-
ganisms, including bacteria, viruses, and eukaryotes. It is es-
timated to carry about ~3.8 X 1013 microbes, most residing
in the lower digestive tract, particularly in the large intestine
or colon (Dahl et al., 2023). The state of the host may be

diet
dietary pattern:

« Western diet
«  vegetarian diet

specific foods:

general lifestyle

Review Article

linked to the composition of the gut microbiota, which is af-
fected by direct and indirect factors, as shown by Sekirov et
al. (2010). The indirect influence of certain factors evidences
this fact. Various factors in the intestinal canal are affected
by transit time and the nutrients present in the intestine. These
factors can vary for individuals based on their health status,
medication use, dietary habits, smoking status, and levels of
physical activity (Figure 1). All these mentioned factors are
strongly interconnected. Many components that account for
the variability of gut microbiota have been discovered; how-
ever, 80% or more of these factors still lack explanation
(Rothschild et al., 2018; Zhernakova et al., 2016).

host genetics
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Figure 1. Factors affecting the structure of the human gut microbiota, especially emphasising the role of diet (Graf et al., 2015)




Food and Health 10(4), 296-305 (2024) e https://doi.org/10.3153/FH24028

Review Article

Understanding the prerequisites that cause changes in gut mi-
crobiota composition is essential for developing interventions
to improve health. Individuals consume foods rich in various
nutrients with different proportions of bioavailability, not re-
lying solely on individual nutrients. Thus, the concentration
of some of these nutrients depends on the consistency of the
ingested food and the interaction of its components. Moreo-
ver, research has shown that some eating patterns are associ-
ated with similar groups; for instance, people who consume a
lot of soda or sweets also tend to eat more snacks and fried
potatoes (Huseinovic et al., 2019). On the other hand, to de-
termine which dietary patterns are truly beneficial, future nu-
trition research should focus more on how individual foods
are combined (known as dietary patterns) rather than on the
consumption of specific nutrients to explore health outcomes
(Cespedes & Hu, 2015). Researchers have investigated vari-
ations in gut microbiota composition among people depend-
ing on diet types, such as vegan/vegetarian and omnivore di-
ets, and adherence levels to the Mediterranean diet. Neverthe-
less, the fact that the studies reflect only vegans or vegetarians
who strictly observe their diet does not necessarily mean that
their diet is intrinsically superior to that of non-vegetarians,
especially if the studies show only a small gap (only 4.5%) in
the Healthy Eating Index between vegans/vegetarians and
non-vegetarians (Parker & Vadiveloo, 2019).

Gut Microbiome and Health

The modulation of the gut microbiome can be achieved by
gradually adding new, particular bacteria to a person's diet,
for example, through prebiotics (Gibson et al., 2017). Regard-
ing short-chain fatty acids (SCFAs), anaerobic gut microor-
ganisms ferment indigestible carbohydrates—substances that
can be potentially beneficial for health—and release gases
(including SCFAs) and organic acids into the gut (Rastall &
Gibson, 2015). These SCFAs, like butyrate, propionate, and
acetate, positively influence gene expression, physiological
functions, and a range of health outcomes, including relieving
obesity indicators, managing the progression of type 2 diabe-
tes, and potentially acting as anticancer agents. As the pri-
mary energy source for colonic epithelial cells, butyrate can
be involved in apoptosis regulation, suggesting it can help
prevent colon cancer (Canfora et al., 2015; Zeng et al., 2019).
Acetate and propionate may contribute to fighting obesity and
weight management by releasing satiety hormones and con-
trolling satiety, as Canfora et al. (2019) suggested. Butyrate
can reduce fat accumulation in obese individuals, potentially
improving insulin sensitivity (Vrieze et al., 2012).

Culinary Herbs and Spices and Their Effects on
Gut Health

Culinary herbs are primarily fresh leaves and flowers. On the
other hand, the rest of the parts, including roots, seeds, bark,
stems, berries, and buds, are categorised as culinary spices
and are typically dried (Tapsell et al., 2006). Culinary spices
and herbs are rich in micronutrients and other bioactive com-
ponents such as polyphenols, terpenes, alkaloids, and flavo-
noids (Chandrababu & Bastola, 2019; Mukherjee &
Chakraborty, 2021; Opara & Chohan, 2014). Despite their in-
fluence on the gut microbiome among human groups, a de-
tailed investigation of these dietary components is still lack-
ing, making them an important element to consider in studies
on diet and the microbiome. Many pre-clinical research
works indicate the capability of cooking herbs and spices, or
their vital components, to impact the microbiota of the intes-
tinal system (Rosca et al., 2020; Yang et al., 2020).

For centuries, people have utilised herbs and spices to pre-
serve food, enhance taste, enrich aroma, and provide medici-
nal benefits such as aiding digestion, treating nausea, and pro-
moting overall health (Bock, 2012). Several herbs and spices
used in the past are still important for culinary and medicinal
purposes. For instance, liquorice root is commonly used as a
natural sweetener to aid digestion. The Mediterranean diet
uses garlic, mint, rosemary, thyme, and basil. Individuals
with irritable bowel syndrome often use mint supplements to
control their symptoms, while allicin, a compound in garlic,
is known to reduce cholesterol and high blood pressure.

Despite this evidence, these plants are suggested to contribute
to the health benefits of the Mediterranean diet, which re-
duces the likelihood of non-communicable diseases such as
stroke, heart disease, and various cancers (Martinez-Lacoba
et al., 2018; Tapsell et al., 2006).

Specific Culinary Herbs and Their Effects on
Gut Health

Cinnamon

It has been increasingly proven that cinnamon's antimicro-
bial properties and ability to reduce inflammation are respon-
sible for its protective impact against inflammatory bowel
diseases (Li et al., 2020). Cinnamon essential oil (CEO), a
natural plant-based extract, is considered safe as it is often
used in food seasoning and traditional herbal remedies. Re-
cently, the number of research papers describing the thera-
peutic properties of one of cinnamon's chemical components,
cinnamaldehyde, has increased (Chao et al., 2008).
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Hou (2015) conducted a study on pigs who were given 50
mg/kg of cinnamon oil in their diets, which reduced the inci-
dence of diarrhoea in pigs post-weaning. Cinnamon oil,
which contains antioxidant properties, also helps reduce in-
testinal damage and enhance intestinal absorption by improv-
ing the integrity of mucosal healing. Cinnamon oil can protect
the gut against damage from inflammation, infections, and
oxidative injuries. In another study carried out by Li et al.
(2020), mice that were given cinnamon oil exhibited better
variability and quantity of bacteria, with a reduction in Heli-
cobacter and Bacteroides and a rise in Bacteroidales and bac-
teria generating short-chain fatty acids like Alloprevotella
and Lachnospiraceae (Table 1).

Ginger

Ginger is from the Zingiberaceae plant family, and its scien-
tific name is Zingiber officinale Roscoe. Although it origi-
nated in Asia, it is now grown in the West Indies, Africa, In-
dia, and other tropical areas. The underground rhizome is
used to produce powdered ginger or spice. It comes in a range
of colours, from white to brown. The rhizome can be pro-
cessed into various products, including powder, syrup, and
volatile oil. Ginger has been widely utilised in the culinary
world since the 13th century (Singletary, 2010).

Ginger contains several bioactive substances responsible for
its known biological processes. These substances include
phenolic compounds, terpenes, lipids, and carbohydrates,
which are believed to provide numerous health benefits
(Jafarzadeh et al., 2021; Kiyama, 2020). The four main phe-
nolic components obtained from ginger are gingerol,
shogaols, paradols, and zingerone. These compounds are

known for their potent anti-inflammatory and antioxidant
properties in vitro (Black et al., 2010; Prasad & Tyagi, 2015).
Ginger root is often used in cooking as a seasoning or supple-
ment (Mohd Yusof, 2016). It can enhance the performance of
gut bacteria and restore their diversity without causing any
harmful effects on the stomach (Y. Lu et al., 2018; Ballester
et al., 2022).

Research conducted by Wang et al. (2021) studied the effects
of fresh ginger juice consumption on gut microorganisms in
healthy individuals. The study involved 123 participants who
consumed either ginger juice or a control solution daily. The
results showed increased intestinal flora species diversity fol-
lowing ginger juice intervention, accompanied by alterations
in specific bacterial taxa. Notably, there was a decrease in
pro-inflammatory bacteria and a rise in species with anti-in-
flammatory properties.

Another study by Shen et al. (2024) analysed the changes in
pain-related behaviour caused by the separate and combined
use of gingerol-enriched ginger (GEG) in diabetic neuro-
pathic pain (DNP) in rats. The study focused on alterations in
physical constructs of inhibition and pain sensitivity and the
definite role of the microbiome in neuropathic pain. Addition-
ally, the researchers investigated mitochondrial function. The
study involved 33 male rats divided into three groups: con-
trols, DNP, and GEG. Rats treated with GEG during drug
withdrawal showed elevated levels of certain gut microbiota
and reduced levels of others. Furthermore, GEG induced
changes not only in the development of mechanical hypersen-
sitivity but also in anxiety and depressive behaviours.

Table 1. Effects of culinary herbs and spices on gut microbiota

Herb or Spice Study Type

Effects on Gut Microbiota

Decrease Helicobacter and Bacteroides, increase
Alloprevotella and Lachnospiraceae (SCFA producers)

Increase bacterial diversity, decrease
pro-inflammatory bacteria

Animal (broilers); Hu- Increase beneficial bacteria in the ileum, minimal changes in

overall gut microbiota composition

References

Lietal., 2020

Wang et al., 2021;
Shen et al., 2024

Jietal., 2024;
Lopresti et al., 2021

Increased Lactobacillus and Firmicutes decrease

Cinnamon Animal (mice)
Ginger Human (clinical trial);
g Animal (rats)
Turmeric . ;
man (clinical trial)
Rosemary Animal (mice)

Bacteroidetes and Proteobacteria, which are associated with

Guo et al., 2018

antidepressant effects and reduced inflammation in mice.
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Turmeric

Turmeric, also known as Curcuma longa, belongs to the gin-
ger family. These plants are common in the southern and
southwestern Asia regions. In many countries around the
globe, turmeric is a common spice. This natural spice gener-
ally acts to suppress inflammation, kill microorganisms,
scavenge for oxidative radicals, and block the entrance of
cancerous cells. It is used as a spice and adds colour, taste,
and character to food products. Turmeric has been well-estab-
lished in India and China for ages and has been confirmed to
be a medicine used to cure diseases such as infections, de-
pression, and stress. Curcumin, a lipophilic polyphenol com-
pound, is the primary focus of turmeric's health benefits be-
cause it is derived from the herb's roots (Kocaadam & Sanlier,
2017; Vaughn et al., 2016). Curcumin is extracted from the
turmeric plant using a solvent and crystallised for purity
(Zam, 2018).

An experiment by Ji et al. (2024) researched the impact of
supplementing broiler diets with Lonicerae flos and turmeric
extract (LTE) on intestinal health and growth performance.
Three groups of broilers were studied: a control group
(CON), a group containing LTE at a concentration of 300 g/t
(LTE300), and another group containing LTE at a concentra-
tion of 500 g/t (LTE500). According to the outcomes, LTE
supplementation dramatically enhanced gut health and
growth performance, improved body and bone weight, and
decreased serum endotoxin levels. Additionally, LTE im-
proved the structure of the intestinal and immune systems.
Analysis of the data related to microorganisms showed that
the probiotic strain LTE300 was favourable for the human il-
eum.

Another study conducted by Lopresti et al. (2021) investi-
gated the impact of curcumin extract (Curcuge) on gut symp-
toms and mood in adults diagnosed with self-reported diges-
tive problems. The study was conducted for eight weeks with
79 randomly assigned to two groups: one receiving curcumin
and the other a placebo. The findings showed that curcumin
significantly reduced gastrointestinal symptoms and anxiety
levels compared to the placebo. These findings indicated that
the change in intestinal microbiota due to curcumin was min-
imal; the effect on small intestinal bacterial overgrowth was
non-significant. The study suggests that curcumin could aid
in relieving digestive symptoms and anxiety, although this
mechanism of action might not be linked to changes in gut
bacteria. More research is required to discover other mecha-
nisms of curcumin's action on gastrointestinal health.

Rosemary

Rosemary is a plant from the Lamiaceae family, renowned for
its use as an herb and seasoning (Sanchez-Camargo & Her-
rero, 2017). A component of the well-known Mediterranean
diet, it can add distinctive organoleptic characteristics (taste,
aroma, and texture) to food. Rosemary has been an important
part of traditional medicine for treating various minor issues,
such as indigestion and common colds, as well as more seri-
ous or lethal conditions (Gonzalez-Vallinas et al., 2015; Ul-
bricht et al., 2010). Polyphenols in rosemary extracts are
noteworthy because their high phenolic content endows them
with hepatoprotective, antibacterial, antifungal, and antioxi-
dant qualities (Alizadeh et al., 2016). Despite its food value,
rosemary is less commonly used due to its strong taste, odour,
and colour. Small industries use chemical methods to remove
these characteristics from antioxidants (Aziz et al., 2022).

A study conducted by Guo et al. (2018) found that extracts
from rosemary (RE) have antidepressant properties in mice
exposed to long-term constant stress, a model for depression
in animals. The researchers examined how RE affected de-
pressive-like symptoms, inflammation, and gut microbiota in
chronic restraint stress (CRS) mice. The treatment with RE
altered the gut microbiota's composition, increasing the pro-
portion of beneficial microorganisms such as Lactobacillus
and Firmicutes while decreasing the percentage of potentially
harmful bacteria such as Bacteroidetes and Proteobacteria
(Table 1).

Conclusion

Culinary spices and herbs are strong candidates for balancing
the microbiota and restoring gut health. Bioactive substances,
with their variety of physiological activities, may possess the
potential to protect from inflammation, improve digestion,
and lower the risk of chronic diseases. The value of herbs and
spices in traditional medicine underscores their significance
in human health across different populations and centuries.
The gut microbiome resides in the gastrointestinal tract, and
various factors such as diet, cooking methods, and existing
microbes can influence it. Recent research has demonstrated
that culinary herbs and spices can modify the microbiota in
the intestinal tract. Adequate and properly conducted clinical
trials are essential to validate that herbal remedies are sustain-
able methods of maintaining gut health and preventing gas-
trointestinal diseases. The widespread use of adding different
herbs and spices to the diet can be an easy and effective strat-
egy for bowel health and overall well-being. By utilising the
natural properties of these compounds on a small scale, we
can fine-tune our gut microbiome and help our immune sys-
tem combat various health threats.
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Ultra islenmis besinler seker, tuz, sivi ve kat1 yaglarin ana iiriin oldugu kimyasal gida katki maddelerini de
igeren ¢ok bilesenli endiistriyel formiilasyonlar olarak tanimlanmaktadir. Ultra islenmis besinlerin genel {ire-
tim amaglari; diisiik maliyetli ve toplu iiretim, uzun raf dmiirlii ve markali tirlinler elde etmektir. Ultra islen-
mis besinleri ifade etmek i¢in NOVA Grup 4 siniflamasi kullanilmaktadir. Paketli atistirmaliklar (cips, kek,
kraker, seker vb.), yemeye ve 1sitilmaya hazir dondurulmus iiriinler, et ve tavuk ekstrakti tirinleri (bulyon,
toz karigimlar), islenmis et tirtinleri (sosisli sandivig, nuggetstar), gazli icecekler, mesrubatlar, paket siit ve
kakaolu igecekler vb. iiriinler ultra islenmis besinleri olusturmaktadir. Ultra iglenmis 6zellikle saf seker ige-
rikli besinlerin fazla tiiketilmesi bos enerji alimina neden oldugundan elzem birtakim besin dgelerinin ali-
minda yetersizlige sebep olmaktadir. Ayrica ultra islenmis besinler giinliikk diyetin enerji yogunlugunu, seker,
doymus yag ve trans yag asidi seviyelerini arttirmaktadir. Yiiksek enerji yogunluklu beslenme diizeni ise
insanlarin viicut agirliklarinda artisa sebep olmaktadir. Ayrica yetersiz posa alimi ve obeziteye bagli olarak
diyabet, kardiyovaskiiler hastaliklari, hipertansiyon, bobrek hastaliklari, kolon, rektal ve meme kanseri gibi
kronik hastaliklar da ortaya ¢ikabilmektedir. Bu nedenle kiiresel gida sektoriiniin gelismesine karsilik tilkeler
kendi ulusal politikalarmi gelistirmeli ve halk saglig i¢in ultra islenmis besinlerin tiiketimini azaltict galis-
malar yapmalar1 gerekmektedir.

Anahtar Kelimeler: NOVA grup 4, Obezite, Saglik, Ultra islenmis besinler

ABSTRACT
The relationship of ultra-processed foods with some diseases

Ultra-processed foods are defined as multi-component industrial formulations that include chemical food
additives in food production where sugar, salt, oils and fats are the main products. General production pur-
poses of ultra-processed foods are to obtain low-cost and mass production, long shelf-life and branded pro-
ducts. NOVA Group 4 classification is used to express ultra-processed foods. Packaged snacks (chips, cake,
crackers, candy, etc.), frozen products, meat and chicken extract products (bouillon, powder mixtures), pro-
cessed meat products (hot dog, nugget star), fizzy drinks, beverages, packaged milk and cocoa drinks, etc.
constitute ultra-processed foods. Excessive consumption of ultra-processed foods, especially those containing
free sugar, causes the intake of empty calories and causes insufficient intake of some essential nutrients. Also,
ultra-processed foods increase the energy density, sugar, saturated fat and trans fatty acid levels of the daily
diet. A high-energy-density diet causes an increase in people's body weight. In addition to these results, chro-
nic diseases such as diabetes, cardiovascular diseases, hypertension, kidney diseases, and colon, rectal and
breast cancer may occur due to insufficient fibre intake and obesity. Therefore, in response to the development
of the global food industry, countries should develop their own national policies and work to reduce the
consumption of ultra-processed foods for public health.

Keywords: Health, NOVA group 4, Obesity, Ultra-processed foods
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Giris

Son yillarda kiiresel gida sektorii besinin islenmesinde ve tek-
nolojideki ilerlemeler nedeniyle ultra islenmis besinlerin bu-
lunabilirliginin ve alim giiciiniin artmasi, pazarlama aginin
geniglemesi ile sonuglanan belirgin degisiklikler gecirmistir.
Gelisen besin isleme teknikleri ile besinin yapisinda, igeri-
ginde ve lezzetinde dnemli degisiklikler gorilmiistiir. Gele-
neksel olarak hazirlanan yemeklerin yerini zamanla endiistri-
yel olarak iglenmis besinler almistir (Poti ve ark., 2017). Boy-
lece ultra islenmis besinler kisa siirede kiiresel gida sektorii-
niin en 6nemli unsuru haline gelmistir. Artan diinya niifusu,
giinliik caligma siirelerinin uzamasi, ucuz maliyetli iiretim ve
ultra islenmis besinlerin tiiketime hazir olmasi tikketimlerinin
bu denli yayginlagsmasina sebep olmustur (Cediel ve ark.,
2018).

Ultra islenmis besinler seker, tuz, sivi ve kati yaglarin ana
iirlin oldugu, gida iiretiminde kullanilmayan bazi maddelerin
(6zellikle az islenmis besinler) duyusal 6zelliklerini taklit et-
mek i¢in kullanilan, kimyasal gida katki maddelerini igeren
cok bilesenli endiistriyel formiilasyonlar olarak tanimlan-
maktadir (Steele ve ark., 2016). Alkolsiiz igecekler, tath veya
tuzlu paketlenmis atistirmaliklar ve Onceden hazirlanmis
dondurulmus yemekler gibi besinler ultra iglenmis besinlere
ornek olarak verilebilmektedir (Monteiro ve ark., 2018). Bu
besinlerin genel tiretim amaglart; diisiik maliyetli ve toplu
uretim, uzun raf omirlii ve markali iriinler elde etmektir.
Ultra islenmis besinler, islenmemis veya az islenmis besin-
lere gore maksimum lezzet, markalasma ve kiiresel pazar
yiikii ile 6nemli bir avantaja sahiptir (Monteiro ve ark., 2019).

Ultra iglenmis besinler islenmeleri sirasinda bazi besin 6gesi
kayiplarina ugrayabilmekte, kullanilan bilesenler daha yogun
islemlerden gegmekte ve genellikle enerji icerigi yogun, be-
sin 6gesi bakimindan dengesiz iiriinler olugsmaktadir. Ultra is-
lenmis besinlerin saglik agisindan olumsuz 6zelligi yag, seker
ve tuz i¢eriginin yiiksek olmasidir. Renklendiriciler, aromalar
ve emiilgatorler gibi katki maddeleri, bu enerji igerigi yogun
besinleri daha ¢ekici hale getirmek icin ilave edilmektedir
(Levine ve Ubbink, 2023). Pek ¢ok gozlemsel ¢aligmada ultra
islenmis besin tiikketiminin ¢ocuk ve yetigkinlerde viicut agir-
liginda artis ve yetiskinlerde obeziteye bagh pek cok kronik
hastalik riskinin artmasiyla iligkili oldugu gosterilmistir (Eli-
zabeth ve ark., 2020; Jardim ve ark., 2021; Zhang & Giovan-
nucci, 2023). Bu derleme ¢alismasinda ultra islenmis besinler
hakkinda detayli bilgi sunulup, bu besinlerin besin bilesimi
kalitesi ve bazi hastaliklar ile iliskisinin incelenmesi amag-
lanmustir.
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Besinlerin Isleme Diizeylerine Gore
Simiflandirilmasi

Ultra islenmis besinleri daha iyi anlayabilmek adina farkli is-
leme seviyeleri arasinda ayrim yapan besinlerin siniflandiril-
masina ihtiyag duyulmustur (Poti ve ark., 2017). Besinlerin
isleme diizeylerine gore yapilan birka¢ siniflama olmasina
ragmen yaygin olarak NOV A kullanilmaktadir. NOVA sinif-
lamas1 obezite ve tip 2 diyabette goriilen anormal artis sonrast
Brezilyali epidemiyologlar tarafindan 2014 yilinda gelistiril-
mistir ve dort alt gruptan olugsmaktadir (Fardet, 2018).

NOVA Grup 1 (Islenmemis veya Az Islenmis Besinler)

Islenmemis besinler, bitki ve hayvanlarin ham (¢ig) olanlarini
ifade etmek icin kullanilmaktadir. Az islenmis besinler ise
yenilebilir bitki ve hayvan dokularina haglama, kavurma,
Oglitme, alkolsiiz fermantasyon gibi basit isleme yontemleri-
nin uygulanmasiyla elde edilen besinlerdir (Elizabeth ve ark.,
2020). Bu islemler uygulanirken tuz, seker, sivi ve kat1 yag
gibi yeni maddeler eklenmemektedir. Bu islemler dogal be-
sinleri korumak, depolamaya uygun hale getirmek veya bu
besinleri glivenle yenilebilir ve tiiketilmesi daha keyifli hale
getirebilmek i¢in uygulanmaktadir (Monteiro ve ark., 2018).
Meyveler, kok ve yaprak sebzeler, baklagiller, mantar, %100
meyve ve sebze sulari, kirmizi et, tavuk, balik, deniz iiriinleri,
yumurta, siit, yogurt, tahillar, makarna, yagli tohumlar, baha-
ratlar, otlar, caylar, kahveler, igme sular1 vb. 6rnekler verile-
bilmektedir (Cooper, 2018).

NOVA Grup 2 (Islenmis Yemeklik Uriinler)

Islenmis yemeklik iiriinler yemegi hazirlamak ve pisirmek
i¢in kullanilan maddelerdir. Bu maddelere tuz, seker, pek-
mez, bal, un, bitkisel yaglar ve tereyagi gibi drnekler verile-
bilmektedir (Tristan-Asensi ve ark., 2023). Bu tiir iiriinleri tek
basina yenilemeyen, ancak bir yemekte kullanildiginda ye-
megin lezzetini arttiran ve yemegin hazirlanmasina katki sag-
layan iiriinler olarak diisiinmek gerekmektedir (Monteiro ve
ark., 2018).

NOVA Grup 1°de az iglenmis besinlerden daha yiiksek is-
leme seviyesini gostermek igin bu grup ‘orta derecede islen-
mis besinler’ olarak da adlandirilabilmektedir. Ornegin, has-
lanm1g yumurta az islenmis bir besin olarak kabul edilirken,
az miktarda yag kullanilarak kizarmig yumurta (omlet) ise
orta derecede islenmis bir besin olarak kabul edilmektedir
(Cooper, 2018).

Unlar da islenmis bir {iriin olarak kabul edilebilmektedir.
Ciinkii bugdaydan un elde edilirken gesitli vitamin, mineral
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ve posa kaybi yaganmakta ve sonug olarak lezzet yoniinden
yeni bir {iriin elde edilmektedir (Levine & Ubbink, 2023).

NOVA Grup 3 (Islenmis Besinler)

Bu gruptaki besinler NOVA Grup 1’deki besinlere NOVA
Grup 2’deki yemeklik iiriinlerin eklenmesiyle olugsmaktadir.
NOVA Grup 3’teki besinler ayni zamanda yiiksek islenmis
besinler olarak da ifade edilmektedir (Cooper, 2018). Burada
islemenin amact NOVA Grup 1 besinlerin dayanikliligini art-
tirmak veya duyusal niteliklerini degistirmek ve gelistirmek-
tir (Monteiro ve ark., 2018). Taze ekmek, taze peynir, bazi
konserve triinleri bu grup besinlere 6rnek olarak verilebil-
mektedir (Elizabeth ve ark., 2020).

Konserve iiriinlerin siniflandirilmasi da kendi i¢inde;

e Kendi suyunda veya %100 suyunda paketlenmis kon-
serve meyveler, tuz eklenmemis sebze ve baklagiller, su
i¢inde paketlenmis konserve baliklar az iglenmis besin-
ler (NOVA Grup 1),

e Seker, tuz, yag gibi diger maddelerin eklendigi konserve
iirlinler ise yiiksek islenmis besinler (NOVA Grup 3)
olarak siiflandirilmaktadir (Cooper, 2018).

Review Article

NOVA Grup 4 (Ultra Islenmis Besinler ve icecekler)

Bu gruptaki besinleri tamimlamak tiiketiciler, saglik personel-
leri ve arastirmacilar i¢in dahi zor olabilmektedir (Levine ve
Ubbink, 2023). Kisaca ultra islenmis besinler bir dizi endiist-
riyel islemden gecirilmis, ¢ogunlukla 6zel endiistriyel kulla-
nima sahip cok bilesenli formiilasyonlar olarak tanimlanabil-
mektedir (Steele ve ark., 2016). Ekmek yapiminda sadece un,
su, tuz ve maya kullanilarak olusturulan ekmekler islenmis
besinler grubuna; bu temel maddeler disinda ayrica emiilga-
tor, renklendirici ve bazi gida katki maddelerinin eklenme-
siyle olugsan ekmekleri ise ultra islenmis besinler grubuna da-
hil edilebilmektedir. Rafine edilmis bugday, yulaf, sade
kornflakes az islenmis besinler grubunda iken; igerisine se-
ker, lezzetlendirici ve renklendirici gibi gida katki maddele-
rinin eklenip islenmesiyle olugmus {iriinler ise ultra islenmis
besinler grubunda yer almaktadir (Monteiro ve ark., 2019).

Ayrica paketli atistirmaliklar (cips, kek, kraker, seker vb.),
yemeye ve 1sitilmaya hazir dondurulmus iiriinler, et ve tavuk
ekstrat1 iriinleri (bulyon, toz karisimlar), islenmis et tiriinleri
(sosisli sandivig, nuggetstar), gazli i¢ecekler, mesrubatlar,
paket siit ve kakaolu icecekler vb. {irlinler ultra iglenmis be-
sinleri olusturmaktadir (Monteiro ve ark., 2018).
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Sekil 1. Besinlerin isleme seviyelerine gore NOV A siniflamasi (Fardet, 2018)

Figure 1. NOVA classification of foods according to their processing levels (Fardet, 2018)

Tablo 1. PFDI’ya gore besinlerin siniflandirilmasi

Table 1. Classification of foods according to PFDI



Food and Health 10(4), 306-315 (2024) e https://doi.org/10.3153/FH24029

PFDI Grup 0
(islenmemis Besinler)

Taze sebze ve meyveler,
mantarlar, yagl tohumlar,
taze otlar, su vb.

PFDI Grup 1
(Az Islenmis Besinler)

Dondurulmus, kurutulmus,
vakumlanmis, paketlenmis
meyve, sebze ve mantar
konserveleri; %100 meyve
sulari, sekersiz elma
piiresi, bitkisel yaglar, su
icinde paketlenmis
konserve baliklar, pismis
tahillar, baklagiller, et ve
kiimes hayvanlari, deniz
iriinleri, haglanmig
yumurta, pastorize sade siit
ve yogurt, baharatlar, kuru

PFDI Grup 2
(Orta Derecede
Islenmis Besinler)
Tuz, seker veya

surup eklenmis sebze,

meyve veya baklagil
konserveleri; yag
eklenmis balik
konserveler, sebze
tursulari, tavada
kizartilmig sebze, et
ve yumurtalar; seker
veya tuz eklenmis
findik/tohum
ezmeler; bira, elma
sarabi, sarap vb.

PFDI Grup 3
(Yiiksek Derecede
Islenmis Besinler)
Yapilan yemekleri

kapsamaktadir.

Dogal peynirler,
kizartilmis besinler,
salamura besinler,
makarna, hazir
ekmek, kekler,
hamur isleri,
sarkiiteri et
uriinleri, viski, cin,
rom, votka vb.
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PFDI Grup 4
(Ultra islenmis Besinler)

Bu smiflama NOVA Grup
4 siniflamasina
benzerlik gosterir.
Paketlenmis kek, biskiivi,
kraker vb; kahvaltilik
gevrekler, enerji barlari,
paketli ekmek ve ¢orekler,
et ve tavuk ekstratlari (hot
dog, tavuk nugget),
zenginlestirilmis tiriinler,
islenmis peynirler,
margarinler, aromali siit ve
yogurtlar vb.

otlar vb.

Besinlerin isleme diizeylerine gore yapilan bir baska sinif-
lama ise The Processed Food Dietary Index (PFDI) asagidaki
tabloda verilmistir (Cooper, 2018).

Ultra Islenmis Besinlerin Uretim Asamalar

Son yillarda endistriyel besin isleme teknikleri diinya ca-
pinda hizli bir degisim gostermistir. Isitma, dondurma, ku-
rutma, yikama, fermantasyon, 6glitme, pastorizasyon, paket-
leme ve diger pek ¢ok islem besin isleme tekniklerindendir
(Crimarco ve ark., 2022). Pastdrizasyon gibi islemler ham be-
sinlerin giivenligine katki saglarken, kurutma ve dondurma
gibi islemler ise besin 6gesi kaybinin dnlenmesine yardim et-
mektedir. Bununla birlikte teknolojinin gelismesiyle besin is-
lemenin dogasi, kapsami ve amaci biiyiik dl¢iide degismis ve
cogu kez islenmig besin {iriinlerinin besin kalitesini etkilemis-
tir (Seale ve ark., 2020). Besinler giderek daha fazla islem
dizisine tabi tutularak iglenir hale gelmistir. Bu daha kapsamli
isleme teknikleri ise {iriinleri taze besinlerden daha uzun siire
giivenle koruyabilmeyi miimkiin hale getirmistir (Crimarco
ve ark., 2022).

Ultra islenmis besinlerin iiretimini saglayan siirecler asagi-
daki endiistriyel adimlar1 igermektedir (Monteiro ve ark.,
2019; Capozzi, 2022);

1. Biitiin besinlerin seker, stvi/kat1 yaglar, proteinler, nisas-
talar ve posa iceren maddelere ayrigmasiyla bu siireg
baglamaktadir. Bu besinlerin ham maddeleri yiiksek ve-
rimli bitkisel besinlerin (bugday, misir, soya, pancar vb)
veya hayvan karkaslarinin piire edilmesinden, 6giitiil-
mesinden olusmaktadir.

2. Bu besinlerin bazilar1 daha sonra hidrolize, hidrojenas-
yona veya bazi kimyasal degisikliklere maruz birakil-
maktadir.

3. Daha sonraki islemler ise islenmis ve islenmemis besin
maddelerinin ekstriizyon, kaliplama ve 6n kizartma gibi
endistriyel teknikler kullanilarak az miktarda besin ile
birlesmesini igermektedir.

4. Nihai iiriinleri daha fazla lezzetlendirebilmek i¢in renk-
lendiriciler, lezzetlendiriciler, emiilsifiye ediciler ve di-
ger gida katki maddeleri siklikla eklenmektedir.

5. Siireg ise sentetik malzemelerden gelistirilmis ambalaj-
lama islemi ile son bulmaktadir.

Ultra Islenmis Besinlerin Uretiminde
Kullanilan Gida Katki Maddeleri

Ultra islenmis besinleri tiiketicinin arzu ettigi goriiniim ve
lezzete getirmek, besinlerin raf dmriinii uzatmak ve besin de-
gerini koruyabilmek amaciyla besinlerin isleme asamasinin
son basamaklarinda bilingli olarak ilave edilen kimyasal
maddelere gida katki maddeleri adi verilmektedir (Karatepe
& Ekerbiger, 2017). Su an diinya tizerinde 8000’in {izerinde
gida katki maddesi vardir. Amerika Birlesik Devletleri’nde
kullanimina onay verilen yaklagik 2800 adet, Avrupa Birligi
iilkelerinde ise 330’dan fazla gida katki maddesi bulunmak-
tadir (Chazelas ve ark., 2020). Ulkemizde ise 19 adet tatlan-
diricy, 40 adet renklendirici ve 276 adet diger katki maddeleri
olmak tizere toplam 335 adet gida katki maddesine onay ve-
rilmistir (Eroglu ve Ayaz, 2018). Sadece ultra islenmis besin-
lerin iiretiminde kullanilan gida katki maddeleri koruyucular,
antioksidanlar, aroma maddeleri, tatlandiricilar, renklendirici
ve agarticilar, emiilgatorler, stabilizatorler, olgunlastiricilar,
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tampon maddeler, topaklagsmay1 6nleyici maddeler, kivam
vericiler, kdpiik yapici maddeler, tutucu maddeler, durultma
maddeleri, yumusaticilar ve plastik yapr kazandirici madde-
lerdir. Bu gida katki maddeleri ultra islenmis besinlerdeki is-
tenmeyen duyusal ozellikleri gizlemekte, goriintd, tat, koku
ve dokunma gibi duyular tiiketicilere daha cazip hale getir-
mektedir (Monteiro ve ark., 2019).

Besin etiketlerinde ‘E’ kodunu tasiyan gida katki maddeleri
toksikolojik acidan gilivenilir gida katki maddeleri olarak ta-
nimlanmaktadir. 8000’in {izerindeki gida katki maddelerinin
su an sadece 350-400 adedi ‘E’ kodunu tagimaktadir (Atman,
2004).

Ultra islenmis Besinlerin icerigi ve Kalitesi

Genellikle bagirsak parazitlerinin neden oldugu diisiiniilen
ancak temelinde diyetle yetersiz alimin sebep oldugu mikro
besin ogesi eksiklikleri, gelismekte olan iilkelerde yasayan 5
yas alt1 gocuklarin en az yarisinda goriiliip diinya genelinde 2
milyar kisiyi etkileyen ve ¢esitli hastaliklar i¢in risk faktorii
olarak belirtilen bir durumdur (Louzada ve ark., 2015a). Ultra
islenmis Ozellikle saf seker igerikli besinlerin fazla tiiketil-
mesi bos enerji alimina neden oldugundan elzem birtakim be-
sin Ogelerinin aliminda yetersizlige sebep olmaktadir (Steele
ve ark., 2016; Levine & Ubbink, 2023).

Iki yas ve iizeri 33694 katilimc: iizerinde yapilan bir calis-
mada ultra iglenmis besin tiikketimi ile diyetle enerji, karbon-
hidrat, saf seker ve doymus yag alimlar arasinda pozitif ko-
relasyon; protein, posa, A, C, D, B6 ve B12 vitamini, niasin,
tiamin, riboflavin, ¢inko, demir, magnezyum, kalsiyum, fos-
for ve potasyum alimlari arasinda ise negatif korelasyon ol-
dugu goriilmiistiir (Moubarac ve ark., 2017). Yapilan bir
baska ¢aligsmada ise ultra islenmis besin tiiketimi yiiksek olan
katilimeilarin diyetle daha fazla enerji, karbonhidrat, saf se-
ker, toplam ve doymus yag alimi goriiliirken; daha diisiik pro-
tein ve posa alimlarinin oldugu goriilmiistiir (Vergeer ve ark.,
2019). Ultra islenmis besinlerin mikro besin 6geleriyle iliski-
sini inceleyen bir baska ¢aligmada ultra islenmis besinlerin
yiiksek tiiketimi ile giinliik diyetle alinan D, E, B12 vitamini,
niasin, pridoksin, bakir, demir, fosfor, magnezyum, selenyum
ve ¢inko arasinda negatif korelasyon (p<0.05); kalsiyum, tia-
min ve riboflavin arasinda ise pozitif yonlii bir korelasyon
gozlenmistir (Louzada ve ark., 2015b). Kolombiya’da 5-12
yas arasi ¢cocuklar arasinda yapilan bir bagka calismada ise
ultra islenmis besin tiiketimi arttik¢a gilinliik diyetle alinan
omaga-3 yag asidi, ¢coklu doymamis yag asidi, A, B2, C, E
vitamini, kalsiyum ve magnezyum diizeylerinde azalma; sod-
yum, seker ve trans yag asidi diizeylerinde ise artis gozlen-
mistir (Cornwell ve ark., 2017). Bielemann ve ark. (2015)’
nin yapmi§ olduklar1 ¢alismada da bireylerin giinlitk enerji
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alimlarinin ultra islenmis besinlerden saglama orani arttikca
giinliik diyetle alinan yag, kolesterol, sodyum, demir, kalsi-
yum ve enerji miktarinda artma; karbonhidrat, protein ve di-
yet posasinda ise azalma tespit etmistir (p<0.001). Ayrica
Martini ve ark. (2021)’ nin yapmis olduklar1 bir meta analiz
caligma sonucuna gore ultra islenmis besin tiiketimi arttikca
giinliik diyetle alinan saf seker, toplam ve doymus yag mik-
tarinda artma; protein, posa, potasyum, ¢inko, magnezyum,
A, C, D, E, niasin ve B12 vitamin miktarlarinda ise azalma
oldugunu saptamistir. Bu noktada ultra iglenmis besinlerin di-
yeti sagliksiz bir noktaya siiriikledigi ifade edilebilir.

Tablo 2.°E’ Koduna Gore Gida Katki Maddelerinin Temel
Islevlerine Gére Siniflandiriimasi
(Karatepe & Ekerbicer, 2017)

Table 2. Classification of Food Additives According to Their Ba-
sic Functions According to ‘E” Code
(Karatepe & Ekerbiger, 2017)

Gida Katki Maddeleri ‘E’ Kod Numarasi
Renklendiriciler 100-180
Koruyucular 200-297
Antioksidanlar 300-321
Emiilsifiyerler ve Stabilizatorler 322-500
Asit-Baz Saglayicilari 500-578
Tatlandiricilar ve Koku vericiler 620-637
Diger Gida Katki Maddeleri 900-927

Bazi Hastahklar ile iliskisi

Ultra islenmis besinler ile kronik hastaliklar arasinda iliskiyi
gosteren pek ¢ok ¢alisma bulunmaktadir. Bunlarin basinda
obezite, diyabet, kanser gibi glinlimiiz toplumunun biiyiik bir
kesimini etkileyen hastaliklar vardir. Bu bdliimde ultra islen-
mis besin tiiketimi ile bahsi ge¢en hastaliklar arasindaki ilis-
kiyi ortaya koyan literatiir verileri incelenmistir.

Obezite

Guniimiizde hizla artan sayida ultra islenmis besinler iireten
ve satan ¢ok biiyiik uluslararasi sirketler tarafindan yonetilen
kiiresel gida sektorii diinya ¢apinda obez sayisindaki artigtan
sorumludur (Moubarac ve ark., 2014). Ciinkii ultra igslenmis
besinler giinliik diyetin enerji yogunlugunu, seker, doymus
yag ve trans yag asidi seviyelerini arttirmaktadir. Yiiksek
enerji yogunluklu beslenme diizeni ise insan viicudunun
enerji dengesini diizenlemesini zorlagtirmakta ve bu durum
da insanlarin asir1 agirlik kazanimlara sebep olmaktadir
(Louzada ve ark., 2015a). Yas aralig1 20-64 olan 15977 birey
iizerinde yapilan bir ¢alismada 6zellikle kadinlarda ultra is-
lenmis besin tiiketimi ile beden kiitle indeksi (p=0.002) ve bel
cevresi degerleri (p=0.008) arasinda pozitif yonlii bir iligkinin
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oldugu goriilmiistiir (Juul ve ark., 2018). Isve¢’te yapilan
uzun siireli bir ¢alismada ise (1960-2010) 1980 ile 2010 yil-
lar1 arasinda ultra islenmis besinlerden soda tiiketiminde
%315; cips ve sekerlemeler gibi aperitif besinlerde ise
%367’lik bir artig goriilmiistiir. Ultra islenmis besin tiiketim
oranlarindaki bu degisimlere paralel olarak yetigkin obezite
orani 1980°de %S5 iken; 2010°da ise %11’in {izerine ¢ikmistir
(Juul & Hemmingsson, 2015). Costa ve ark. (2019)’ nin 307
cocuk iizerinde yaptiklar ¢alismada da bireylerin giinliik al-
diklar1 enerjinin ultra islenmis besinlerden gelen yiizdesi art-
tikca bel cevresinin anlamli derecede arttigini saptamistir
(p<0.05). Bu durumda ultra islenmis besin tiiketiminin dog-
rudan obezite i¢in bir risk faktorii oldugu sdylenebilir.

Diyabet ve Metabolik Sendrom

Yetersiz posa alim1 ve obeziteye bagli olarak diyabet, koroner
kalp hastaliklar1, hipertansiyon, kolon, rektal ve meme kan-
seri gibi hastaliklar da ortaya ¢ikabilmektedir (Louzada ve
ark., 2015a). Bu tip bulasic1 olmayan hastaliklardan diinya
geneli mortalitenin %70’inden sorumlu oldugu bilinmekte-
dir. Ultra islenmis besin tiiketimindeki arti, sagliksiz bes-
lenme aligkanliklarinin goriilmesi ile birlikte bulasici olma-
yan kronik hastaliklarda da artis goriilmektedir (Chen ve ark.,
2020). Srour ve ark. (2019a) Fransa’da yetiskinler iizerinde
yaptiklari bir ¢aligmada ultra islenmis besin tiikketimi ile tip 2
diyabet geligmesi riski arasinda pozitif yonlii bir korelasyon
gozlemistir (r=1.15; p=0.0009). Bir bagka ¢aligmada ise ultra
islenmis besin ve iceceklerin asir1 tiikketimi ile yiiksek tip 2
diyabet riski arasinda anlamli derecede iliski oldugu tespit
edilmistir (Llavero-Valero ve ark., 2021). Tavares ve arka-
daslar1 (2011) yapmis olduklar1 ¢aligmada metabolik send-
romlu adolesanlarda giinliik ortalama enerji, karbonhidrat ve
ultra islenmis besin alimlarinin daha yiiksek oldugunu goézle-
mistir (p<0.05). Yapilan bir bagka calismada ise 20 yas {istii
katilimeilarin giinliik enerji alimlarinin ultra islenmis besin-
lerden saglama yiizdesindeki her %10’ luk artis metabolik
sendrom prevalansindaki %4’likk artisla iliskilendirilmistir
(Steele ve ark., 2019).

Hipertansiyon ve Kardiyovaskiiler Hastaliklar

Kardiyovaskiiler hastaliklar kalp ve damarlarda 6énemli mor-
bidite ve mortaliteye sahip, diinya ¢apinda 6nde gelen morta-
lite sebebidir (Gaidai ve ark., 2023). Mendonga ve arkadaglari
(2017) Ispanyol yetiskinler iizerinde yaptiklari calismada
ultra iglenmis besinlerin fazla tiikketimi ile hipertansiyon ge-
lisme riskinin yiiksek oldugu sonucuna ulasmistir (r=1.21;
p=0.004). Yapilan bagka calismada ultra islenmis besin tiike-
timi yiiksek olan bireylerin diisiik olanlara gore hipertansiyon
goriilme riskinin %23 daha fazla oldugu tespit edilmistir
(Silva-Scaranni ve ark., 2021). Bir bagka ¢aligmada da ultra
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islenmis besinlerin fazla tiikketilmesi daha yiiksek kardiyovas-
kiiler hastalik riski ile iligkili bulunmustur (Srour ve ark.,
2019b). Bonaccio ve ark. (2022)’ nin yapmis olduklari ¢alig-
mada ise ultra islenmis besinleri fazla tiiketen katilimcilarin
az tiiketenlere gore tiim nedenlere bagli mortalite riskleri
(OR:1.38; %95 GA; CI: 1.00-1,91) ve kardiyovaskiiler hasta-
liklar kaynakli mortalite risklerinin (OR:1.65; %95 GA; Cl:
1.07-2.55) daha yiiksek oldugunu saptamistir (p<<0.05).

Kanser

Kanser 6nemli mortalite nedenlerinden biridir. Diinya ¢a-
pmda 2020 verilerine gore yaklasik 10 milyon dliime veya
alt1 6limden birine neden oldugu bildirilmistir. En sik gorii-
len kanser tiirleri meme, akciger, kolon, rektum ve prostat
kanserleridir (WHO, 2022). Besin igleme derecesi ile artmig
kanser riski arasindaki iligki son yillarda arastirma konusu ol-
mustur (Lian ve ark., 2023). Yapilan bir ¢alismada ultra is-
lenmis besin tiiketim oraninin %10 artmasiyla tiim kanser ris-
kini 1.12 kat, meme kanseri riskini ise 1.11 kat arttirdig1 go-
rilmistiir (Fiolet ve ark., 2018). Kolonoskopi yapilarak ¢a-
lismaya dahil edilen 652 katilimer {izerinde yapilan bir ¢alis-
mada ise yliksek ultra islenmis besin tiiketimi ile tespit edilen
kolorektal adenomlarla arasinda pozitif bir iligki oldugu go-
riulmiistiir (OR:1.75; %95 GA; Cl: 1.14-2.68) (Fliss-Isakov
ve ark., 2020). Yapilan bir meta analiz sonucuna goére ultra
islenmis besin tiiketimi ile prostat hari¢ kolorektal, meme,
pankreas, kronik lenfositik 16semi, merkezi sinir sistemi tii-
morleri ve genel kanser riski arasinda anlamli pozitif bir ilis-
kinin oldugu bildirilmistir (Isaksen & Dankel, 2023).

Bobrek ve Bagirsak Hastaliklar

Diinya geneli kronik bobrek hastaliklarina bagli 6liimlerin sa-
yis1 son 20 yilda artmis ve kronik bobrek hastaliklarindan et-
kilen insan sayisinin da artmasi beklenmektedir (Kityo &
Lee, 2022). Cai ve ark. (2021) yapmis olduklar1 ¢alismada
giinliik beslenmede ultra islenmis besin alimindaki %10’luk
artista kronik bobrek hastaliklar riskini 1.07 kat arttirdiginm
saptamistir (p<0.05). Liu ve arkadaslari (2023) yapmis olduk-
lar1 calismada da 153985 katilimeinin 12.1 yillik takibi son-
ras1 4058’inin yeni baslangi¢li kronik bobrek hastaligi teshisi
kondugunu tespit etmigtir. Ayni ¢alismada diyabeti olan kati-
limcilarin giinliik beslenmede ultra iglenmis besin alimindaki
%10’luk artista kronik bobrek hastaliklari riskini 1.11 kat, di-
yabeti olmayan katilimcilarda ise 1.03 kat arttirdigin1 gozle-
mistir. Yapilan bir meta analiz sonucuna gore ultra islenmig
besin alimindaki her %10’luk artis %7 daha yiiksek kronik
bobrek hastaliklar riski ile iligkili bulunmustur (OR:1.07;
%95 GA; Cl: 1.04-1.10; p<0.001) (He ve ark., 2024).
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Ultra islenmis besinlerin fazla tiiketilmesi diisiik posa ve
sebze tliketimine neden olacagindan dolay1 bagirsak sagligini
olumsuz etkilemektedir (Leo & Campos, 2020). Schnabel ve
ark. (2018) yapmis olduklar ¢aligmada ultra iglenmis besin
tiikketimi arttikga irritabl bagirsak sendromu vakalarinda artis
oldugunu saptamistir. Narula ve arkadaslarinin (2021) yap-
mis olduklar1 caligmada 9.7 yillik takip sonras1 116087 yetis-
kin katilimcimin 467’sinde inflamatuvar bagirsak hastalig
gelismistir. Ayni ¢calismada ultra islenmis besinlerin fazla tii-
ketilmesi inflamatuvar bagirsak hastalig riskini 1.82 kat art-
tirdig1 tespit edilmistir (OR:1.82; %95 GA; Cl: 1.22-2,72; p:
0.006). Ayrica yapilan bir kohort arastirmasinda 7.7 yillik ta-
kip sonrasi 440 6liim oldugu gozlenmis ve sonug olarak ultra
islenmis besin tiikketimi ile mortalite arasinda pozitif bir iligki
oldugu gorilmiistiir (Rojo ve ark., 2019).

SONUC

Ultra islenmis besinlerin tiiketimi ile giinliikk beslenmede saf
seker, tuz ve doymus yag alim1 artmakta; protein, posa, vita-
min ve mineral alimi ise azalmaktadir. Bu durum da enerjisi
yogun ve bos enerji igerikli beslenme sonucunda basta obe-
zite olmak iizere beslenmeyle iligkili bulagici olmayan kronik
hastaliklarin artisina neden olmaktadir. Bu yiizden kiiresel
gida sektoriiniin gelismesine karsilik iilkeler kendi ulusal po-
litikalarin1 gelistirmeli, saglikli besinlere erigilebilirlik kolay-
lastirilmali ve halk sagligi i¢in ultra islenmis besinlerin tiike-
timini azaltic1 galismalar yapilmasi gerekmektedir. Ozellikle
endiistriyelleserek kentlerde yogun bir sekilde yasamaya bas-
layan toplumun cesitli destekler ile tekrar kirsal yasama don-
diiriilmesi ve buna bagli olarak islenmemis tarim ve hayvan-
cilik iiretiminin arttirilmasi saglanmalidir. Bunu takiben kir-
salda artan iiretimin hak ettigi degeri bulmasi, kent yagamin-
daki halka yiiksek oranda fiyat artis1 yasanmadan aktarilmas1
icin de gerekli 6nlemler alinmalidir. Saglikli bir toplum he-
define hastaliklar1 tedavi etmekle degil hastaliklar 6nleyerek
ulasmak gerekliliginden yola ¢ikarak tiiketilen besinlerin do-
gal ortamda yetismesi ve toplumun tamamina dagitilmasi il-
kelerin baglica saglik politikas1 konusu olmalidir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Veri erisilebilirligi: -

Finansal destek: Bu g¢alisma herhangi bir fon tarafindan destek-
lenmemistir.

Tesekkiir: -

Aciklama: -
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ABSTRACT

Waterborne and foodborne illnesses caused by bacterial pathogens are major public health con-
cerns, especially in developing countries like Nigeria—waterborne pathogens such as Escherichia
coli, Salmonella spp. and Klebsiella spp. Contribute to the spread of health challenges, primarily
due to poor sanitation, contaminated drinking water, and inadequate hygiene. Similarly, foodborne
pathogens, including Escherichia coli, Listeria monocytogenes and Salmonella spp., are major
causes of human illness, with animal-based foods often acting as transmission vectors. This review
examines the current state of diagnosis, highlighting that most household water sources in Nigeria
are vulnerable to contamination, with significant microbial loads exceeding WHO standards. It
raises the need for effective interventions such as improved hygiene practices, water supply, sani-
tation and food safety management systems. Furthermore, this review discusses the impact of these
pathogens on public health, noting that waterborne and foodborne diseases result in substantial
mortality and economic burdens. Also, implementing good hygienic practices, Hazard Analysis
Critical Control Point (HACCP) systems, and public health education are essential strategies for
reducing the incidence of these diseases. This review concludes by calling for a collaborative effort
among governments, policymakers, stakeholders, and researchers to develop and implement mul-
tifaceted interventions to combat these pervasive health threats.

Keywords: Waterborne illness, Foodborne pathogen, Public health, Contamination, Interventions
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Introduction

Waterborne illnesses are health problems caused by consum-
ing water contaminated with disease-causing microbes or
pathogens. These pathogens are transmitted directly to hu-
mans when contaminated water is used for drinking, bathing,
washing, and cooking (Meki et al., 2022). Salmonella spp.,
Escherichia coli, Klebsiella spp., Proteus mirabilis, and En-
terobacter spp. are some bacteria associated with waterborne
diseases (Iwuala et al., 2018). The problems encountered with
drinking water in some parts of Nigeria have raised public
health concerns. According to the World Health Organiza-
tion, over 2.6 billion people lack access to safe drinking wa-
ter, which causes approximately 2.2 million deaths each year,
1.4 million of which are children (WHO, 2023; Nwabor,
2016). In another report, the United Nations Department of
Economic and Social Affairs -UNDESA (2019) estimated
that nearly 900 million people worldwide cannot access safe
drinking water. Despite numerous efforts by various levels of
government and other organisations interested in water and
its safety, waterborne diseases remain a major public health
and environmental concern.

Foodborne microorganisms are major pathogens that affect
food safety and cause human illness worldwide. Bacteria
cause two-thirds of human foodborne diseases worldwide,
with a disproportionate burden in developing countries like
Nigeria (Gugsa & Meselu, 2020; Etinosa et al., 2021). Food
from animals is the primary reservoir of many foodborne bac-
terial pathogens, and animal-derived foods are the main trans-
mission vehicles. Staphylococcus aureus, Salmonella spp.,
Campylobacter spp., Listeria monocytogenes, and Esche-
richia coli are the most common bacterial pathogens that
cause foodborne illness and death worldwide when contami-
nated animal products are consumed (Bintsis, 2017; Oduori
et al., 2022; WHO, 2022). Human infections caused by these
major bacteria are characterised by gastrointestinal symp-
toms such as nausea, vomiting, diarrhoea, abdominal cramps,
and other agent-specific symptoms (Odeyemi, 2016). Some
strains can lead to serious complications or even death
(WHO, 2022).

Current State of Diagnosis

State of Diagnosis for Waterborne Illnesses

At all economic levels, drinking water has a well-documented
history of spreading microbial infections to large populations
and inflicting disease. For instance, Cholera is a waterborne
illness influenced by rainfall, drought, and global climate
events, with a high ability to be transferred from one person
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to another. Its epidemiology begins in endemic areas and ex-
pands to congested slums and refugee camps, with human
displacement being a significant factor in its spread from one
location to another (Rebaudet, 2013). Unimproved water sup-
ply, poor sanitation, faecal contamination, limited level of ed-
ucation for caregivers, improper hygiene, and climate change
are major factors responsible for such poor water quality in
developing countries and the spread of illness (Cissé, 2019;
Adamu et al., 2020). Also, the microbiological quality of
household drinking water in Enugu City and Delta State, Ni-
geria, showed unsafe standards for drinking (Ocheli et al.,
2020; Okpasuo et al., 2020). For instance, Escherichia coli
(38.0%), Giardia lamblia (35.2%), Entamoeba histolytica
(33.0%), Salmonella typhi (19.9%), Proteus spp. (13.2%),
Shigella dysentery (9.4%), Klebsiella spp. (7.4%), Entero-
bacter spp. (5.5%), and Cryptosporidium spp. (5.2%) were
found in 344 (85.4%) of the 403 samples collected from stool,
using a cross-sectional multi-stage sampling design across
Enugu State, Nigeria (Okpasuo et al., 2020). Table 1 presents
major waterborne and foodborne pathogens that cause illness.
Transmission ways for waterborne pathogens include con-
sumption of contaminated water, recreational activities such
as swimming in contaminated pools, lakes, rivers, or oceans,
inadequate sewage disposal and lack of proper sanitation fa-
cilities, runoff from agricultural fields carrying pathogens,
improper storage and handling of water, climate and environ-
mental factors like heavy rains, floods, and natural disasters
(Shanmugam et al., 2024). Radiopharmaceutical and medical
waste also pose risks to soil and water contamination, affect-
ing plants and food products (Cetinkaya, 2024). Seasonal fac-
tors affecting biological contamination include microbial
contamination of groundwater, which was higher in the dry
season than in the wet season (Ocheli et al., 2020).

According to the findings, most household water sources are
vulnerable to contamination at multiple points along their
journey from source to mouth (Okpasuo et al., 2020). Except
for a few locations in Okigwe (sachet water 1%) and Orlu
zone (borehole 2%), most drinking water sources in Imo
state, Nigeria, had bacterial loads exceeding WHO standards
of zero total coliform colonies/100 mL (Okpasuo et al.,
2020). The study area had a significant relationship between
water quality and hospital records of waterborne illness (Iwu-
ala et al., 2018). Similar findings were observed in Sokoto,
Shuni, and Tambuwal (Nwabor et al., 2016). Water samples
from 96% of the wells in Ibadan Municipal City were found
to be contaminated with both total and faecal coliform counts
ranging from 0 to 160x10%/100 ml and 0 to 22x10%/100 ml,
respectively (Odeleye & Idowu, 2015).
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Table 1. Major waterborne and Foodborne Pathogens that cause Illness in Nigeria

Bacterial Pathogens

Escherichia coli

Salmonella spp.

Vibrio cholerae
Giardia lamblia

Cryptosporidium spp.

Shigella spp.

Salmonella spp.

Escherichia coli

Campylobacter spp.

Listeria monocytogenes
Norovirus

Staphylococcus aureus

Bacillus anthracis

Illnesses

Diarrhoea, urinary tract
infections, respiratory
illness, and pneumonia
Typhoid fever,
paratyphoid fever, and
salmonellosis

Cholera
Giardiasis
Cryptosporidium spp.

Shigellosis (bacillary
dysentery)

Salmonellosis, typhoid
fever

Diarrhoea, urinary tract
infections, respiratory
illness, and pneumonia

Campylobacteriosis

Listeriosis

Gastroenteritis
Staphylococcal food
poisoning

Enteritis

Sources
Waterborne

Contaminated water, food, and direct contact with
infected animals or people

Contaminated water, food (especially poultry,
eggs, and dairy products)

Contaminated water, seafood, and other foods.
Contaminated water, food, and surfaces
Contaminated water, food, and surfaces

Contaminated water, food, and person-to-person
contact

Foodborne
Contaminated food, especially poultry, eggs, and
dairy products

Contaminated food, water, and direct contact with
infected animals or people

Contaminated food, particularly raw or
undercooked poultry, unpasteurised milk, and
untreated water
Contaminated food, especially dairy products, deli
meats, and smoked fish
Contaminated food, water, and surfaces
Contaminated food, particularly those that are
improperly stored or handled
Contaminated food, particularly rice and other
starchy foods that are left at room temperature for
too long
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Waterborne pathogens originate from several sources, includ-
ing animal excretions, human and livestock faecal wastes,
and contaminated food products. Animal excretions serve as
a significant reservoir for zoonotic pathogens like Bacillus
anthracis, Campylobacter jejuni, Escherichia coli, Salmo-
nella enterica, and Vibrio cholera, which can lead to severe
infections when transmitted through water (Ghareeb & Alj,
2023). Human, industrial, agricultural and livestock faecal
wastes, often due to failing septic systems or improper ma-
nure management, can contaminate groundwater with micro-
bial pathogens, necessitating the testing of water samples for
microbial indicators as a warning sign of potentially patho-

genic microorganisms (Danilova, 2020). Additionally, con-
taminated food products can harbour pathogens such as Esch-
erichia coli, Listeria monocytogenes, Salmonella, Shigella,
Adenovirus, and Cryptosporidium, emphasising the need for
innovative pathogen detection techniques and stringent food
safety management in the industry (Dimitrakopoulou et al.,
2024). Environmental reservoirs like water, river, lake, and
water-related devices can also harbour antimicrobial-resistant
bacteria, including Pseudomonas aeruginosa, Mycobacte-
rium spp, and Legionella spp, highlighting the importance of
surveillance strategies to prevent healthcare-associated infec-
tions (Hayward et al., 2020).
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State of Diagnosis for Foodborne Illnesses

Several pathogens have been identified as causing foodborne
illnesses, with the most common pathogenic bacteria being
Escherichia coli, Salmonella spp., Campylobacter spp., Lis-
teria spp., and Enterobacteria spp. Listeria monocytogenes
are found in unpasteurised dairy products and various ready-
to-eat foods (Laslo & Gyorgy, 2019; Oduori et al., 2022). For
instance, Salmonellosis outbreaks are caused by raw milk,
raw or undercooked poultry, and contaminated drinks (Here-
dia & Garcia, 2018). The occurrences of Vibrio Cholera are
linked to rice, vegetables, millet gruel, and various types of
seafood (Bintsis, 2017; WHO, 2022). Transmission ways for
foodborne pathogens can occur through contaminated raw in-
gredients, improper cooking, cross-contamination, poor food
storage, unhygienic food handling, use of contaminated wa-
ter, improper preservation, and infected food handlers
(Shanmugam et al., 2024). Furthermore, the World Health
Organization estimates that foodborne pathogens kill more
than 200,000 people in Nigeria each year due to improper
processing, preservation, and service (Ibginosa, 2021).
Therefore, contaminated drinking water and poor food han-
dling practices cause microbial infections, health issues, and
high mortality rates due to inadequate sanitation, poor hy-
giene, and climate change.

Impact on Public Health

Impact of Waterborne Illnesses on Public Health

According to WHO (2022), 5.8 billion people will use safely
managed drinking water services in 2020 because many wa-
ter sources have been improved and are contamination-free.
Bacterial pathogens cause the spread of diseases such as chol-
era, diarrhoea, dysentery, hepatitis A, typhoid, and polio;
these health risks are preventable. Each year, it is estimated
that 505,000 people die from diarrhoea caused by unsafe
drinking water, poor sanitation, and poor hygiene (WHO,
2022). However, diarrhoea is largely preventable, and
297,000 children under five could be saved each year if these
risk factors were addressed (WHO, 2022). Two thousand
twenty-one more than 251.4 million people needed schisto-
somiasis prevention treatment, an acute and chronic disease
caused by parasitic worms contracted through contact with
infected water (WHO, 2022). For instance, residents of Yena-
goa, Nigeria, have limited access to clean water, which pre-
disposes them to diarrhoea and typhoid diseases, of which
more cases were reported during the dry season (Ohwo &
Omidiji, 2021). Other waterborne illnesses include skin and
infectious eye illnesses like trachoma. Trachoma can cause
vision loss or blindness, and rural populations, children, el-
ders and health-challenged individuals are at a higher risk.

Impact of Foodborne Illnesses on Public Health

The rising mortality rate associated with preventable food-
borne illnesses is a major concern, as it disproportionately af-
fects infants, young children, adults and sick people. Accord-
ing to a World Health Organization (WHO) report, 550 mil-
lion people become ill and die each year as a result of diar-
rheal diseases caused by eating foods contaminated with mi-
crobial pathogens (WHO, 2022). The overall productivity
loss caused by foodborne diseases in developing countries is
estimated to cost $95.2 billion annually, with approximately
$15 billion spent on treating foodborne illnesses (WHO,
2023). Nigeria has the highest burden of foodborne illness in
the AFR D subregion, with 1276 (459-2263) Disability Ad-
justed Life Years (DALYSs) per 100,000 populations (Oduori
et al., 2022). In Nigeria, stunting and malnutrition are preva-
lent in children under the age of five, with prevalence rates of
36.8% and 8.9%, respectively (National Population Commis-
sion (NPC), 2019). In developing countries, bacterial and par-
asitic diseases are associated risk factors with malnutrition.

Intervention
Interventions of waterborne illness

In accordance with SDG 6 - Clean Water and Sanitation, sta-
tistically, according to the World Health Organization (2010),
these intervention practices can prevent 94% of waterborne
diarrheal cases. Water supply, sanitation, hand washing,
household water treatment, and safe storage reduce diarrhoea
by 25%, 32%, 45%, and 39%, respectively (Manetu &
Karanja, 2021). Other intervention methods include organis-
ing waterborne disease sensitisation campaigns, collaborat-
ing with health organisations to support the Nigerian govern-
ment directly, and reducing unsafe drinking water and water-
borne illnesses in Nigeria (Adeyinka et al., 2014). Regular
monitoring of drinking water using quality indicators is es-
sential for reducing public health hazards.

Meki et al. (2022) discovered that using 2 doses of cholera
vaccines, an adequate potable water supply and safe storage,
household disinfection, point-of-use chlorination, and hy-
giene improvement are effective methods for controlling
cholera outbreaks. Therefore, interventions should be spe-
cific. Furthermore, in Ile-Ife, Nigeria, it was discovered that
most cases were caused by poor sanitation, with most resi-
dents using open-pit toilets and living near market centres
where large amounts of waste were generated and improperly
disposed of in nearby streams. Therefore, separating human
waste from drinking water is paramount (Manetu & Karanja,
2021).
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WHO collaborates closely with UNICEF on various water
and health issues, including water, sanitation, and hygiene in
healthcare facilities. WASH FIT (Water and Sanitation for
Health Facility Improvement Tool) aims to help small, pri-
mary healthcare facilities in low- and middle-income areas
through a continuous cycle of improvement that includes risk
assessments, risk prioritisation, and the creation of specific,
targeted actions (WHO, 2022).

Good hygienic practices and Hazard Analysis Critical Con-
trol Point (HACCP) systems are essential tools in mitigating
waterborne illness by identifying possible risks and imple-
menting proper disposal of waste and sewage to prevent con-
tamination of water sources and food, ensuring access to
clean and safe drinking water by treating water sources with
filtration, chlorination, or boiling; regular monitoring of wa-
ter quality to detect and address contamination promptly
(Onu et al., 2024). Alternative methods and technologies for
interventions can also be implemented, such as boiling,
household slow sand filters, filtration and preventive strate-
gies for water management (Ocheli et al., 2020).

Intervention of foodborne illnesses

The control and prevention of foodborne illness can be
achieved through good hygienic practices (GHPs), sanitation
in operating procedures, and the implementation of standard-
ised Hazard Analysis Critical Control Points (HACCP) and
pasteurisation procedures in food processes (Bintsis, 2017;
Etinosa et al., 2021). The emergence of multidrug-resistant
bacteria associated with consuming contaminated animal
products is currently a major public health concern, and there
should be a coordinated surveillance and monitoring system
for foodborne bacterial pathogens, particularly in developing
countries such as Nigeria (Gugsa & Meselu, 2020). Food
safety management systems are currently being developed to
estimate the risks to human health posed by food consump-
tion and to identify, select, and implement mitigation strate-
gies for controlling and reducing these risks (Odeyami,
2016). Furthermore, applying appropriate food safety educa-
tion programs for everyone involved in food production and
consumption is critical to actualizing SDGs target 2 — Zero
hunger.

Good hygienic practices and HACCP models are significant
means of fostering foodborne pathogens through regular
handwashing with soap and clean water, especially before
handling food and after using the toilet, ensuring food han-
dlers are free from infectious diseases and have access to
clean clothing and protective gear; regular cleaning and dis-
infecting of food preparation and storage areas; keeping raw
and cooked foods separate to prevent cross-contamination;

Review Article

cooking food to appropriate temperatures to kill harmful
pathogens; storing food at safe temperatures to prevent the
growth of bacteria (Dimitrakopoulou et al., 2024; WHO,
2023).

Comprehensive management plans should also aim to assess
and identify vulnerable populations at risk of waterborne and
foodborne illnesses. It involves conducting baseline surveys,
mapping high-risk areas, improving water quality through in-
frastructure development, and implementing water treatment
programs. Regular testing and testing ensure compliance with
WHO standards. Enhancement of food safety involves safe
food handling practices, training programs, and regular in-
spections. Education and awareness campaigns are launched
to promote hygiene, safe water, and food practices (Onu et
al., 2024). Healthcare interventions include improved access
to medical care, vaccination programs, and antimicrobial
stewardship. Emergency response and contingency planning
involve developing contingency plans for rapid response to
disease outbreaks, establishing early warning systems, and
training community health workers. Collaboration and part-
nerships with government agencies, Non-Governmental Or-
ganizations (NGOs), and international bodies are encour-
aged. Community involvement is encouraged to foster a
sense of ownership and responsibility. Sustainable practices
include environmental management, waste management, and
long-term monitoring (Hayward et al., 2020). By implement-
ing this comprehensive management plan, vulnerable popu-
lations can be better protected from waterborne and food-
borne illnesses, improving overall health and well-being.

Conclusion

In conclusion, waterborne and foodborne illnesses caused by
bacterial pathogens pose significant public health challenges,
especially in developing countries like Nigeria. Contami-
nated water and food sources cause cholera, typhoid, and
foodborne infections. Infrastructure development, regular
testing, and community-based programs are essential to man-
age these illnesses. Food safety can be enhanced through
proper handling, regulations, and inspections. Education,
awareness campaigns, and healthcare interventions are cru-
cial. Collaboration between government agencies, NGOs,
policymakers, stakeholders, researchers, the general public
and international organisations is essential. Rapid methods
like biosensors for detecting pathogens are also needed,
alongside human capacity development in cutting-edge tech-
nologies and detection methods.
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Evaluating articles by the timelines determined by the
journal.

Informing editors promptly in case of delays.

. Compliance with Ethical Rules:

To ensure full compliance with ethical standards and
journal policies.

Clearly express conflicts of interest and withdraw from
the evaluation process when necessary.

. Constructive Feedback to Writers:

Provide clear and constructive feedback to authors and
suggest improving the article when necessary.
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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,
figures, efc.) and tables in the one main text (Word Of-
fice 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), usually 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organisations 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 ethics
committee’s approval, and the authors may argue that they
do not need support for their work. In such situations, we
consult COPE’s “Guidance for Editors: Research, Audit,
and Service Evaluations” document, evaluate the study
with the editorial board, and decide whether or not it needs
approval.

Data availability: The data availability statement/data ac-
cess statement informs the reader where research data as-
sociated with an article is available and under what condi-
tions the data can be accessed, and may include links to the
dataset, if any.

ProteinCarbohydrate
Vegetables A EP

>
+
Ew)
T

-
®,

dant
i
e

e Ik

p re

iy and
HEALTH

E-ISSN 2602-2834

g
Y3

‘Antiox

-y

echnolo

0>
P
c (‘OU-
X
=

tAntimicrobial

ul

Q:
aa Sensory of=s;
eatOm ega-smsﬁ)pplement

One of the following should be selected and stated in

the submitted article;

1. No data was used for the research described in the arti-

cle.

The data that has been used is confidential.

The authors do not have permission to share the data.

Data will be made available on request.

The author is unable to specify which data has been

used or has chosen not to.

6. Other (please explain; for example, I have shared the
link to my data in the attached file step).

nhkwn

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

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

o 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 shown in the main text)

Manuscript Types

Original Articles: This is the most essential type of
article since it provides new information based on orig-
inal research. The main text should contain “Title”,
“Abstract”, “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”,
“Compliance with Ethical Standards”, and “Refer-
ences” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).
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Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
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 sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted as a “Short Com-
munication”. Readers can also comment on the pub-
lished manuscripts as a “Short Communication”. The
main text should contain “Title”, “Abstract”, “In-
troduction”, “Materials and Methods”, “Results
and Discussion”, “Conclusion”, “Compliance with
Ethical Standards”, and “References” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <30 200 40
Review Article no limits 200 60
Short Communication <5 200 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 in the ta-
bles should be defined below them by footnotes
(even if they are defined within the main text). Tables
should be created using the “insert table” command
of the word processing software and 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 support the main text.
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Figures and Figure Legends

Figures, graphics, and photographs should be submitted
through the submission system in the main document's
Word files (in JPEG or PNG format). Any information
within the images that may indicate an individual or insti-
tution should be blinded. The minimum resolu-
tion of each submitted figure should be 300 DPI. To pre-
vent delays in the evaluation process, all submitted fig-
ures should be clear in resolution and large (minimum di-
mensions: 100 x 100 mm). Figure legends should be listed
at the end of the primary 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 (including
the state if in the USA), should be provided in parentheses
in the following format: “Discovery St PET/CT scanner
(General Electric, Milwaukee, WI, USA).”

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

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.

References

The citation style and methods that comply with the
scientific standards that should be used in the “FOOD
and HEALTH?” journal for the sources used by the au-
thors in their works are given below.

Reference System is APA 6™ 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 publication date must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
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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

(if a DOI number is available)

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).
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Revisions

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the review-
ers has been covered and where it can be found (each re-
viewer’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 primary document. Revised manu-
scripts must be submitted within 15 days from the date of
the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) believe
that additional time is required, they should request this
extension before the initial 15-day period is over.

Accepted manuscripts are copy-edited for grammar, punc-
tuation, and format. Once the publication process of a
manuscript is completed, it is published online on the jour-
nal’s webpage as an ahead-of-print publication before it is
included in its scheduled issue. A PDF proof of the ac-
cepted manuscript is sent to the corresponding author, and
their publication approval is requested within two days of
their receipt of the proof.
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