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ABSTRACT

Trypsin, an enzyme from the serine protease class, is known to be involved in the degradation of
proteins. Excessive activity of trypsin is strongly implicated in triggering many diseases, such as
acute pancreatitis, inflammation, and tumour. Therefore, this enzyme's regular and balanced ac-
tivity is necessary for normal physiological functions. Thus, there is a need to develop new trypsin
inhibitors from natural sources and chemical compounds. In this study, the inhibitory effects of
aqueous extracts prepared from 29 different plants and 10 different chemical compounds were
investigated on the activity of trypsin due to its importance in the health sector. The present study's
plant extracts and chemical compounds showed trypsin-inhibitory effects. The inhibitory activities
of the extracts and chemical compounds increased in a dose-dependent manner. Several plant ex-
tracts and chemical compounds that showed high trypsin inhibitory activities may be appropriate
for use as trypsin inhibitors to provide additional support to drug treatment in the health field.

Keywords: Trypsin, Plant extract, Enzyme inhibition, Chemical compounds
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Introduction

Proteases are important enzymes having proteolytic cleavage
activities. Every protease enzyme hydrolyses peptide clusters
from different points. They can control some physiologic pro-
cesses (Cid-Gallegos et al., 2022). For example, the existence
of proteases is strongly necessary for the regeneration and re-
freshing of lung tissue homeostasis (Greene & McElvaney,
2009). In addition, proteases regulate signalling functions
(Grawe et al., 2020). Although their biological necessity for
maintaining regular biological activity in organisms is im-
portant (Zhang et al., 2021), their inhibitions have been stud-
ied for a long time due to specific reasons. Besides, there are
many reports about inhibitions of proteases (Mancek-Keber,
2014; Elsdsser & Goettig, 2021). The increased need for their
inhibition studies has been raised due to their relations with
tumour masses, inflammatory conditions, cardiovascular dis-
eases, renal failures, etc. (Regulski et al., 2015; Srikanth &
Chen, 2016; Park et al., 2020; Yi et al., 2020). Proteases can
be classified according to their many properties. One of the
well-known classifications is based on the functional group
which exists at their active site. Metalloproteinases, aspartic
proteases, cysteine proteases, and serine proteases are the
basic sub-classes of this classification.

Trypsin (a digestive enzyme) is a serine protease initially syn-
thesised as an inactive pre-form, called trypsinogen, that is
then transformed to its active form, “trypsin”, by the proteol-
ysis of eight amino acids from the N-terminal side of peptide
structure (Hegyi & Sahin-To6th, 2017). This enzyme is re-
sponsible for the digestion of proteins by cleaving the pep-
tides from their lysine and arginine moieties. Nevertheless,
its increased activity must be limited due to its role in acute
pancreatitis, cancer, and inflammation (Li et al., 2014). “For
this purpose, natural products have been preferred by many
researchers due to their lesser side effects and productive in-
hibition (Navaei-Bonab et al., 2018; Geisslitz et al., 2022).
The current study investigated the possible inhibitory effects
of various plant extracts and chemical compounds on trypsin
activity.

Materials and Methods

Experimental Material and Chemical Compounds

In this study, aqueous extracts of plants, fruits, vegetables,
and leaves were used for enzyme inhibition studies. The ex-
perimental materials which were used in this study can be
named as fruit parts of apple, blueberries, grapefruit, lemon,
bitter melon, olive, and pomegranate; leave parts of basil,
black cabbage, green tea, fresh dock, lemon balm, mint, net-

tle, parsley, rocket, senna, smoke tree, thyme, and white cab-
bage; vegetable parts of faba bean, brussel sprouts, capers,
garlic, onion, and radius, and plant parts of clove and fennel.
All the plants, fruits and vegetables were purchased from a
Local Market in Istanbul. Edible parts of the supplied samples
were separated from their roots and stem, passed through dis-
tilled water, and dried in room conditions in the shade. Raw
fruits were kept in a low-temperature oven for 2-3 days. The
dried materials were kept at 4°C until their various extracts
were prepared. Caffeine, catechin, epicatechin, gallic acid,
glyoxylic acid, lansoprazole sodium, ranitidine, resorcinol,
and vitamin U were chosen as chemical compounds. The
chemical compounds were analytical grade and obtained
from Merck, Sigma—Aldrich, Fluka, and BYK.

Preparation of the Plant, Fruit, and Vegetable Extracts

The plant extracts were prepared by refluxing 20 g of the
dried material with 200 ml of distilled water for eight hours,
then cooled and filtered through a filter paper at room tem-
perature. The filtrates were evaporated to dryness in a rotary
evaporator. The recovered extract residue was placed in an
initially tared crucible and then in an oven at 37°C. The ex-
tracts were kept at -20°C until the experiments were em-
ployed. All the extracts were dissolved in distilled water for
experiments. Chemical compounds used were also dissolved
in distilled water. Tannic acid was used as a standard and pos-
itive control.

In Vitro Trypsin Inhibitory Assay for Extracts and
Chemical Compounds

The inhibition of trypsin activity was determined by a spec-
trophotometric method (Ribeiro et al., 2010). A 10 uL of tryp-
sin enzyme (0.3 mg / mL) dissolved in 1 mM HCI solution
was placed into a test tube, and then 120 pL of 2.5 mM HCI
solution was added to this enzyme solution. A 50 uL of plant
and fruit extracts or chemical compounds (dissolved in dis-
tilled water) were added to this mixture, followed by 440 uL.
50 mM Tris HCI (pH: 7.5) buffer solution and incubated at
37°C for 10 minutes. To this mixture, 500 pL 2.5 mM
BAPNA (N-a-benzoyl-DL-arginine-p-nitroanilide) substrate
solution dissolved in 1 mM HCI was added, followed by in-
cubation at 37°C for 15 minutes. To terminate the reaction, a
120 pL of 30% acetic acid solution was added to each test
tube, and the absorbance value was read in the spectropho-
tometer at 410 nm. As blank, 50 mM Tris HCI (pH: 7.5)
buffer solution was used instead of sample, substrate, and en-
zyme solution. The 50 mM Tris HCI (pH: 7.5) buffer solution
was used instead of plant extracts in the control solution.
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The percent inhibition of trypsin activity was calculated as
follows:

Trypsin Inhibitory Activity (%) = (A-B)/(A) x 100

A is the enzyme activity without an inhibitor, and B is the
activity in the presence of an inhibitor.

The ICso was determined as the concentration of plant extracts
and chemical compounds required to inhibit trypsin activity
by 50%.

Percentage enzyme inhibition activities of the inhibitors were
used to calculate half maximum inhibitors (ICso) for individ-
ual enzymes via regression analysis data.

Results and Discussion

The effect of the aqueous extracts of plants on trypsin activity
is presented in Table 1. The enzyme inhibitory activities of
the extracts increased in a dose-dependent manner. The
higher inhibitory activity is associated with a lower ICsg
value. Pomegranate was found to have the highest trypsin in-
hibitor activity with an ICso value of 14.21 +£1.42 ug/mL. On
the other hand, Basil, exhibited the lowest trypsin inhibition
activity (775.59 £23.00 pg/mL) (Table 1). Tannic acid
showed inhibitor activity with an ICsy value of 36.47 +5.86
ug/mL. According to the results, the trypsin inhibitory activ-
ity decreased in order of pomegranate > mint > lemon balm >
lemon > tannic acid > clove > bitter melon > fresh dock >
senna > black cabbage > radius > thyme > green tea > nettle
> brussels sprouts > smoke tree > arugula > faba bean > white
cabbage > onion > garlic > grapefruit > parsley > blueberry >
capers > fennel > olives > apple > basil (Table 1).

The effect of some chemical compounds on trypsin activity is
given in Table 2. The inhibition % values of the chemical
compounds on trypsin increased with increasing concentra-
tion. Tannic acid showed the highest trypsin inhibitory activ-
ity having an ICso value of 21.44 +3.15 uM, while lansopra-
zole sodium had the lowest trypsin inhibitor activity (2528.68
+228.15 uM) (Table 2). Trypsin inhibitory activity of chemi-
cal compounds decreased in the order of tannic acid > caf-
feine > glyoxylic acid > gallic acid > catechin > ranitidine >
resorcinol > epicatechin > vitamin U > lansoprazole sodium
(Table 2).

Research Article

Trypsin (E.C. 3.4.21.4) is a serine protease that plays a vital
role in the cleavage of peptides from the carboxyl moieties of
lysine and arginine. It is secreted from the pancreas to the
small intestine as zymogen (trypsinogen). In the small intes-
tine, trypsinogen is converted to its active form, “trypsin”, via
the activity of enterokinase and/or by a previously activated
trypsinogen (as trypsin). Under certain pathological condi-
tions, its activity increases; thus, inhibition is required to pre-
vent deleterious outcomes such as acute pancreatitis. The
most crucial issue is preventing the activation of pancreatic
enzymes before entering the small intestine to prevent trypsin
and other enzymes from digesting the pancreas. When these
enzymes are activated within the pancreatic duct, the pan-
creas can be seriously damaged, or obstruction of the pancre-
atic duct can occur, leading to acute pancreatitis. This situa-
tion has been recognised by researchers (Zhan et al., 2019).

Trypsin contains histidine (His), serine (Ser) and aspartic acid
(Asp) in its active site at position 57", 195" and 102" respec-
tively. Ser performs the first nucleophilic attack on the pep-
tide to make the cleaving process of His easier, and then His
does the same process for the final step of the cleavage mech-
anism. In general, the real inhibition process involves target-
ing the active site of the enzyme via two types of inhibition
mechanisms; reversible and irreversible inhibitions (Sultana
etal., 2022). In reversible processes, the inhibitor binds to the
active site; then, the formed complex (proteinase-inhibitor
complex) degrades the proteinases and frees the active inhib-
itor for new inhibitions. Contrary, in the irreversible mecha-
nism, the inhibitor directly inhibits the activation of these en-
zymes (Clemente et al., 2019). This is the most popular pro-
cess for inhibiting proteases (Bateman & James, 2011).

This study studied twenty-nine plant extracts and ten chemi-
cal compounds for trypsin inhibition. Tannic acid was used
as a positive control for comparing the inhibitory activities of
plant extract samples. The ICsy value for tannic acid was
36.47 £ 5.86 pg/mL. According to obtained results, all the
plant extracts showed trypsin-inhibitory activity. Among
them, pomegranate was detected to have the best inhibitory
activity corresponding to the lowest ICso value (14.21 +£1.42
pg/mL). In addition to pomegranate, mint (ICso = 17.30 +1.75
ug/mL), lemon balm (ICso = 20.47 +£2.36 ug/mL) and lemon
(ICso = 21.87 £0.02 pg/mL) extracts had a higher inhibition
effect and lower ICso values for trypsin inhibition as com-
pared to tannic acid.
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Table 1. Trypsin inhibitory activity of plant, fruit, and vegetable extracts

Concentration Inhibition ICso
(ng/mL) (%0)* (ng/mL)*

The name of the plant/Pre- Latin Names of Plants

ferred parts of plants

Apple / Fruit Malus domestica 10 8.01 £2.09 251.50£15.92
20 11.61£2.76
50 15.64 +£1.27
100 20.71 +£0.85
150 34.43 +£3.39
Basil / Leaf Ocimum basilicum 50 5.72 £1.01 775.99 £23.00
100 20.53 +4.29
150 22.71 £2.31
250 27.72 £1.05
500 33.524+2.27
Black Cabbage / Leaf Brassica oleracea var. Acephala 5 21.78 £2.28 86.08 +1.21
7.5 28.53+4.14
25 35.29 +0.57
50 40.52 +0.00
75 45.06 +1.85
Bitter Melon / Fruit Momordica charantia 5 3.59 £0.72 67.42 £3.08
10 9.75+£2.19
25 18.36 +£2.75
50 43.35 +4.73
75 52.03 +£0.40
Blueberries / Fruit Vaccinium myrtillus 25 17.01 £0.00 166.00 £7.71
50 23.36 +2.01
75 28.66 +0.42
Brussel Sprouts / Vegetable Brassica oleracea gemmifera 10 10.89 £0.82 99.44 £13.92
25 22.61 +£3.59
50 32.01 +£6.64
75 38.70 +£0.76
100 50.46 +£7.16
Capers / Vegetable Capparis spinosa 10 10.95 £1.89 177.18 £14.30
50 15.77 £3.81
75 26.16 +£3.26
100 32.04 £2.35
Clove / Plant Syzygium aromaticum 5 17.72 +4.11 50.54 +£1.45
10 26.18 +1.13
25 40.48 +1.87
50 50.56 +£2.96
75 57.29 £3.28
Faba Bean / Vegetable Vicia faba L. 1 6.48 £2.06 119.24 +4.21
5 10.82 +0.07
25 22.64 +3.73
50 28.79 +0.62
75 34.95 +1.86
100 41.54 +1.24
Fennel / Plant Foeniculum vulgare 10 10.79 £2.30 222.10+£17.27
50 16.27 +4.95
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Fresh Dock / Leaf

Garlic / Vegetable

Grapefruit / Fruit

Green Tea / Leaf

Lemon / Fruit

Lemon Balm / Leaf

Mint / Leaf

Nettle / Leaf

Olive / Fruit

Onion / Vegetable

Food Health 9(4), 282-292 (2023) e https://doi.org/10.3153/FH23025

Rumex cristacus DC

Allium sativum L.

Citrus paradisi

Camellia sinensis

Citrus limon

Melissa officinalis

Mentha piperita L.

Urtica dioica

Olea europaea L.

Allium cepa L.

75
100

10
50
75
25
50
75
100
125
150
10
25
50
75
10
25
75
100
150

2.5

10
2.5

7.5
10
15

2.5

7.5
10

12.5
15
10
25
50
75

100

50
75
100
10
25
50
75
100

21.51 £0.96
27.98 £3.59

7.78 £0.60
13.87 £1.36
17.72 £1.96
39.02 £2.10
49.22 £4.50
12.95 +3.79
19.77 £1.72
30.81 +4.43
41.13 £1.34
43.47 £1.44
53.67 £5.49
12.91 £1.36
19.04 £0.91
21.94 £1.36
34.52 £9.58
20.09 £1.85
23.43 £2.35
35.29 £0.26
53.12 £1.33
60.66 +0.04
15.43 £1.75
21.34 £3.68
22.89+£5.72
31.21 £0.46
11.08 +£3.82
23.21 £3.04
28.11 £1.65
30.82 £1.91
37.40 £5.52
12.52 +£4.70
17.34 +£2.79
29.57 £6.11
35.24 +£1.17
47.15 £6.94
18.27 £0.57
24.77 £1.31
36.23 £2.35
43.07 £0.00
51.02 +4.97
11.61 +4.47
15.33 +£0.79
17.19 +£0.79
30.22 +8.68

2.94 £0.78

9.25£2.71
22.44 £5.42
29.31+0.48
39.80 +4.46

Research Article

76.51 £7.00

137.81 £10.13

140.35 £49.92

94.15 £2.36

21.87 +0.02

20.47 £2.36

17.30 £1.75

94.71 £8.94

241.90 £51.77

124.38 £10.29
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Parsley / Leaf

Pomegranate / Fruit

Radius / Vegetable

Rocket / Leaf

Senna / Leaf

Smoke Tree / Leaf

Tannic Acid
(Positive Control)

Thyme / Leaf

White Cabbage / Leaf

Petroselinum crispum

Punica granatum L.

Trachystemon orientalis (L.) G.

Don

FEruca vesicaria

Cassia angustifolia

Cotinus coggygria

Thymus vulgaris L.

Brassica oleracea var. capitata

f. alba

10
50
75
100
150

2.5

7.5
10

25
50
75
100
10
25
50
75
100
10
25
50
75
100
10
25
75
100
150
17
85
170
425
10
50
75
100
150
10
25
50
75
100

16.84 +4.09
17.73 £1.41
33.67 £0.28
44.02 £0.85
50.60 +5.64

4.18 +4.28

8.93 £6.19
17.29 £0.82
23.54 £8.03
37.32 £3.88
10.30 £6.22
24.15 +4.07
30.68 £1.03
47.58 £2.39
54.74 £0.21
10.07 £2.91
13.23 £0.78
24.68 +1.83
31.82+2.14
44.00 £3.96

5.92 £3.83
11.77 £0.88
33.72 £0.99
48.17 £5.83
59.63 +£0.65

9.34 £0.42
16.50 £0.47
31.57+£0.46
48.27 £4.63
60.71 £0.01
32.16 £2.76
73.10 £1.65
77.98 £1.93
81.65 +0.59

8.04 £4.00
31.30 +£0.62
40.00 £1.85
56.74 £3.38
64.13 +£3.38
10.56 +1.41
13.95 +4.50
22.34+£2.29
36.46 £1.41
40.72 £0.44

149.15 £16.60

14.21 £1.42

86.39 £1.66

118.99 £9.22

81.06 £3.76

116.83 £3.97

36.47 £5.86

90.32 £0.65

121.62 +0.79

*Mean £+ SD
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Table 2. Trypsin inhibitory activity of chemical compounds

Chemical Compounds Concentration Inhibition
(uM) (Yo)*
Caffeine 20 8.17 £3.85 122.15 +4.67
25 24.93 £5.27
50 26.93 £3.65
75 36.68 £2.84
100 40.26 £2.23
Catechin 10 6.16 £0.20 220.63 +£92.44
20 8.31 £2.02
25 13.61 £2.63
50 15.33 £4.26
Epicatechin 1 6.64 +2.34 959.22 +£27.86
5 16.71 £2.85
100 18.31£0.92
250 21.21 £1.83
Gallic Acid 10 15.85+£0.21 185.17 +89.81
20 18.03 £1.65
25 25.00 £2.05
50 30.09 £7.19
100 35.18 £9.04
Glyoxylic Acid 10 7.66 £1.42 174.60 £17.88
20 11.42 £0.21
25 13.01 £0.81
50 17.92 £2.45
100 31.36 £2.66
Lansoprazole Sodium 10 11.15£1.62 2528.68 £228.15
100 15.44 £5.73
1000 27.39 £0.66
Ranitidine 0.1 5.85+0.00 385.00 £68.09
5 12.14 £3.10
50 13.74 £2.06
Resorcinol 10 10.54 +£8.08 405.15 +£45.28
100 25.48 +4.35
250 34.55 £0.62
Tannic Acid 10 32.16 £2.76 21.44 £3.15
(Positive Control) 50 73.10 £1.65
100 77.98 £1.93
250 81.65 +£0.59
Vitamin U 2.5 3.55£1.20 1026.72 £307.67
50 13.51 £0.07
100 18.15£1.92
500 28.90 £6.41
*Mean = SD
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The plants explored in the present study have been found to
show many protective effects against various diseases. For
instance, pomegranate and its bioactive compounds were
proven to have a preventive effect on gastric cancer cells
(Cheshomi et al., 2022) and a protective effect on different
gastric disorders (Abd el-Rady et al., 2021). Mint oils, vari-
ous extracts of lemon balm and lemon have been reported to
protect the gastrointestinal system and the stomach (Saberi et
al., 2016; de Mashayekhi-Sardoo et al., 2020; de Oliveira
Braga et al., 2022). Moreover, the common feature shared by
these plants is their bioactive compounds since they all con-
tain phenolic compounds and flavonoids (Abdellatif et al.,
2014; Ugan et al., 2016; Tarantino et al., 2020; Fan et al.,
2021). Phenolic compounds and flavonoids effectively in-
hibit many enzymes (Sacan & Yildiz Turhan, 2014; Dagsuyu
& Yanardag, 2021; Kan et al., 2021). These compounds may
directly be related to blocking trypsin's active site by interact-
ing with His, Ser and Asp amino acids. Ghosh et al. (Ghosh
et al., 2008) revealed the interactions of some polyphenolic
compounds and His-containing enzymes at their active site.
They said this interaction changed the histidine stability and
affected the carbon-hydrogen chemical shift. Moreover, the
inhibitory capacities of polyphenolic compounds and their
derivatives on serine proteases are related to the interaction
between their polyphenolic skeleton and the hydrophobic re-
gion of these enzymes (Viskupicova et al., 2012). Further-
more, most legume plants have been reported to have serine
protease inhibition effects (Haq et al., 2004). Based on this
information and considering the bioactive components of the
plants studied, it can be hypothesised that these plants can be
used for effective trypsin inhibition.

The present study evaluated caffeine, catechin, epicatechin,
glyoxylic acid, gallic acid, lansoprazole sodium, ranitidine,
resorcinol, tannic acid, and vitamin U for trypsin inhibition
assays. Tannic acid, considered a standard inhibitor, had the
best trypsin inhibition effect due to its lowest ICso value
among the chemical substances. The compounds evaluated
have phenolic and nonphenolic structures. Caffeine, glyox-
ylic acid and gallic acid exhibited lower ICs values after tan-
nic acid among the other compounds tested. The trypsin inhi-
bition and inhibiting mechanisms of different synthesised
compounds are explained in many research. According to the
study of Hovhannisyan et al. (Hovhannisyan et al. 2009) ni-
trogen associated formyl groups could interact with proteins
via hydrogen bonds with Ser residues located at the active site
of the enzyme, as well as glutamine residues of substrate
binding side. They also revealed that amino groups of differ-
ent amino acid derivatives could interact with the carboxyl
moiety of serine of the substrate binding pocket of trypsin.

Based on this approach, their active groups can explain the
present findings for caffeine, glyoxylic acid and gallic acid.

It is well-known that polyphenolic compounds consist of hy-
droxyl groups, which are highly effective and determine the
properties of these compounds. Due to this property, phenolic
groups can interact with polar portions of this enzyme (Feng
et al., 2018). Thus, catechin and epicatechin showed inhibi-
tory activity on trypsin, with the inhibitory efficacy of cate-
chin better than that of epicatechin. The difference between
their inhibitory activities can be attributed to the position of
the active moieties in their structure.

Ranitidine, resorcinol, and lansoprazole sodium had trypsin
inhibitory activity, with the lowest ICso value exhibited by
Lansoprazole sodium (ICsp = 2528.68 £228.15 mM). Among
these three compounds, ranitidine showed better inhibition
activity on trypsin. Ranitidine, a proton pump inhibitor and a
histamine blocker, has also been known to have a regulative
effect on the gastrointestinal system (Satoh et al., 2014). Its
active moieties may be suggested to be responsible for its
trypsin inhibitory effect.

Vitamin U, also known as S-methyl methionine sulfonium
chloride, is a methionine derivative that has a powerful anti-
oxidant effect. It has protective effects on various toxicity
models, regulative effects on antioxidant systems and en-
zymes, and gastroprotective effects (Turkyilmaz et al., 2019;
Topaloglu et al., 2022). According to the study of Dagsuyu
and Yanardag (Dagsuyu & Yanardag, 2021), sulfur com-
pounds, including Vitamin U, had different trypsin inhibitory
activities. They also mentioned that Vitamin U achieved this
inhibition property via binding to the serine part of the en-
zyme's active site. In the present study, sulfur and/or Vitamin
U-containing vegetables like Brussels sprouts, white cab-
bage, onion, etc., showed inhibitory activity on the enzyme
trypsin. Therefore, Vitamin U and its food-based sources had
trypsin inhibitory activity.

Conclusion

The results of this study show that water extracts of pome-
granate, mint and lemon balm exhibit good trypsin inhibitory
activities. Phenolic compounds and flavonoids in the plant
kingdom are responsible for the enzyme inhibitory activity. It
is known that plant extracts with high inhibitory activity on
trypsin contain phenolic and flavonoid compounds. There-
fore, in our study, extracts of pomegranate, mint, and lemon
balm, which inhibit the enzyme at a high rate, can be used in
medicine as a source of natural trypsin inhibitor, in the form
of raw extracts or as a source of bioactive compounds. There-
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fore, these plant extracts can be used as phytochemical com-
pounds in medicine, especially in gastrointestinal tract dis-
eases, and for future therapeutic purposes.
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Istanbul University-Cerrahpasa, ABSTRACT
Faculty of Engineering, Department of

Chemistry, Istanbul, Tirkiye. The antioxidant activity capacities of some plants, and their inhibitory effects on the HMG-CoA

reductase enzyme, the rate-determining enzyme of cholesterol synthesis, were investigated in our
study. Antioxidant activity capacity and inhibitory effect of the HMG-CoA reductase enzyme were
detected in all plant extracts used in our research. From the results obtained, it was determined that
both antioxidant activity and % inhibition values of HMG-CoA reductase enzyme increased as the
plant extracts concentration increased. The strongest ABTS and DPPH radical scavenging activi-
ties were exhibited by pomegranate fruit extract (ICso= 1.07 £0.04 mg/mL and ICso= 0.39 £0.01

ORCID IDs of the authors: mg/mL, respectively). At the same time, lemon had the strongest DMPD radical scavenging
E.LC.A. 0000-0001-7888-5118 activity (ICso= 9x10* £6x10”° mg/mL). The best HMG-CoA reductase inhibitory activity was
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Introduction

Free radicals are metabolic by-products continuously pro-
duced via normal metabolic processes of the biological sys-
tem. These molecules are highly reactive and unstable, thus
detrimental to organisms’ general well-being. In humans, the
excessive production of these molecules, coupled with com-
promised antioxidant-oxidant balance, present severe health
challenges such as cardiovascular dysfunction, premature
ageing, neurological disorders and mutagenesis (Aruoma,
1994; Bagchi and Puri, 1998; Floyd, 1999; Njie-Mbye et al.,
2013) these lead modification and destruction of biologically
important macromolecules such as lipids, proteins, DNA and
carbohydrates. The biological system is armed with an anti-
oxidant defence mechanism that helps eliminate the toxic ef-
fect of free radicals. This antioxidant defence system involves
the activity of antioxidant enzymes (i.e., superoxide dis-
mutase, catalase, glutathione peroxidase and glutathione re-
ductase) that works synergistically with the non-enzymatic
antioxidant systems that include vitamins (vitamin A, C and
E), antioxidant minerals (i.e. copper, zinc and selenium), ap-
propriate biological levels of uric acid and bilirubin, plant-
based antioxidants (such as polyphenols) etc. Some of these
antioxidant molecules can unilaterally capture or detoxify
free radicals, thus essential for healthy living.

Cholesterol is a lipid synthesised by all animal cells via the
mevalonate pathway (Brown and Goldstein, 1997; Espen-
shade and Hughes, 2007). It is an indispensable component
of the cell membrane and an important precursor of steroid
hormones, bile and vitamin D (Yeagle, 1991; Hanukoglu,
1992; Haines, 2001; Payne and Hales, 2004). Despite the bi-
ological significance of cholesterol, its elevated level in hu-
man blood has health consequences such as the increased risk
of atherosclerosis, heart attack, stroke, and peripheral artery
disease (Lewington et al., 2007; Brunzell et al., 2008). Vari-
ous studies have shown that lowering blood cholesterol levels
can reduce the risk of coronary heart disease, regress existing
atherosclerotic lesions in peripheral arteries, and reduce the
risk of stroke risk and cardiovascular disease (Grundy et al.,
2019). Thus, regulating both intake and biosynthesis of cho-
lesterol is essential for normal well-being. The regulation of
cholesterol levels in patients usually involves the use of
statins. These group of compounds are known to be excellent
inhibitors of hydroxy methylglutaryl-CoA (HMG-CoA) re-
ductase (an important enzyme of the mevalonate pathway),
thereby having the ability to slow down the biosynthesis of
mevalonate and accumulation of cholesterol, and its accom-
panying defects (Nicholls, 2008; Kizer et al., 2010). Despite
the proven effects of HMG-CoA reductase in reducing blood
cholesterol levels and risk cardiovascular disease, they are
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suggested to cause liver damage, neuropathy, pancreatic dys-
function, muscle pain/damage, bleeding stroke, an increased
risk of diabetes mellitus and sexual dysfunction (Golomb and
Evans, 2008; Bellosta and Corsini, 2012; Naci et al., 2013;
Collins et al., 2016; Lehrer and Rheinstein, 2020). Therefore,
finding alternative food-based sources capable of HMG-CoA
reductase inhibition is of medical significance.

Plants are outstanding sources of phytoactive compounds,
thus, exhibit remarkable antioxidant activities (Magaji et al.,
2022). Reports have shown that flavonoids and polyphenols
can prevent the oxidation of haemoglobin to methaemoglobin
through the scavenging of nitrites, thereby preventing anae-
mia (Frei et al., 1988; Choi et al., 1988; Kang et al., 1996).
Moreover, plant-based chemicals such as carotenoids, flavo-
noids, glycosides, polyphenols, saponins, and terpenes act as
inhibitors of enzymes while also exhibiting regenerative,
wound healing, anti-inflammatory, and antitumor activity. A
diet rich in these phytochemicals positively correlates with
lower degenerative and pathological diseases and improved
well-being (Willcox et al., 2004; Mahato and Sharma, 2019).
In the present study, the antioxidant activity and HMG-CoA
reductase inhibitory effects of 80% ethyl alcohol extract of
some plant extracts were investigated.

Materials and Methods
Plant Samples

Quince (Cydenia vulgaris), apple (Malus domestica), grape-
fruit (Citrus paradise), lemon (Citrus limon), pomegranate
(Punica granatum), persimmon (Diospyros kaki), radish
(Raphanus sativus) and onion (Allium cepa) were bought
from local market, washed and rinsed with distilled water,
then dried in the shade. Individual extracts were prepared
with 80% ethyl alcohol using the dried plant parts.

Preparation of Ethyl Alcohol Extracts

Five grams of the dried plant sample was placed in a 250 mL
Erlenmeyer flask containing 50 mL of 80% ethyl alcohol; the
flask was closed with a parafilm. The mixture was stirred
continuously in a dark cupboard at room temperature for 7
days. The solvent used for extraction was removed from the
resulting filtrate under reduced pressure using a rotary evap-
orator. The amount of extract obtained was weighed and rec-
orded.
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ABTS Radical Scavenging Activity

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) radical scavenging activity was performed according
to the method of Arnao et al. (2001). ABTS was dissolved in
distilled water to make a 7.4 mM, adding 1 mL of 2.6 mM
potassium persulfate. The solution was kept away from light
at room temperature for 12 to 16 hours. To 1 mL of the re-
sulting solution, 60 mL of methyl alcohol was added to obtain
the freshly prepared ABTS radical cation solution required
for each experiment. Plant extracts (150 uL) were added to
2850 pL of ABTS radical cation, then kept in the dark for 2
hours before taking absorbance reading at a wavelength of
734 nm. Butylated hydroxyanisole (BHA) was used as a
standard ABTS radical scavenger. % ABTS radical scaveng-
ing activity was calculated as follows:

ABTS radical scavenging activity (%) =
[(Ao-A1) / Ao] X 100

A¢=Control absorbance value.
Ai=Absorbance value of sample and standard.
DMPD Radical Scavenging Activity

The basis of DMPD radical scavenging activity is that in
acidic pH, DMPD forms a stable-coloured radical cation in a
suitable oxidant solution. The DMPD extreme shows a max-
imum absorbance value of 505 nm. Antioxidants that transfer
H atoms to the DMPD extreme lead to decolourising the rad-
ical solution.

DMPD(colourlcss) + Oxidant ( Fe3+) + H+—’ DMPD‘Jr(purplc)
DMPD'+(purple)+ AOH —> DMPDJr( colourless) + AO

DMPD radical scavenging activity was performed according
to the method of Fogliano et al. (1999). A 209 mg DMPD
radical was dissolved in 10 mL of bidistilled water. A 1 mL
of this solution was taken and added to 100 mL of Na-acetate
buffer (0.1 M, pH: 5.3). A coloured DMPD radical cation was
obtained by adding 0.2 mL of 0.05 M FeCl;s to the solution.
In the radical scavenging assay, 1 mL of the radical solution
was added to 0.5 mL of extract solutions. After 10 minutes,
absorbance was taken using a spectrophotometer at 505 nm
against the buffer solution. Epicatechin was used as a stand-
ard. DMPD radical scavenging activity was calculated as fol-
lows:

Percentage DMPD radical scavenging activity =
[(Ao-A1) / Ag] x 100

Ao: DMPD initial absorbance

Ai: Absorbance of the sample
DPPH Radical Scavenging Activity

1,1'-diphenyl-2-picrylhydrazil (DPPH) radical scavenging
activity was determined according to the method developed
by Brand-Williams et al. (1995). A 20 mg/L solution of
DPPH in methyl alcohol was prepared daily. To 1.5 mL of
the DPPH solution, 0.75 mL of various concentrations of
plant extracts (0.001-5 mg/mL) were added. The absorbance
value was read after 5 minutes against the blank at 517 nm
using a spectrophotometer. A 0.75 mL methyl alcohol and 1.5
mL DPPH solution were used as control. Rutin (0.0001-1.0
mg/mL) was used as a standard percentage of DPPH radical
scavenging activity and was calculated using the following
formula:

DPPH radical scavenging activity (%) =
[(Ao-A1) / Ag] % 100

Ao: Absorbance of control
Aj: Absorbance of sample and standard material
HMG-CoA Reductase Inhibition Assay

The inhibitory activity of the HMG-CoA reductase was as-
sayed using the procedure outlined in the CS1090 kit of
Sigma Aldrich. Briefly, 910 uL of buffer was placed into a
test tube and added 5 uL of the inhibitors (0.01-10.00
pg/mL). The solutions were thoroughly mixed before adding
20 pL of NADPH, and 60 pL of HMG-CoA, then allowed to
stand for 5 minutes at room temperature. After that, 5 pL of
HMG-CoA reductase was added to the mixture, gently
mixed, and allowed to stand for another 5 minutes. The ab-
sorbance of samples was read spectrophotometrically at 340
nm against corresponding reagent blanks. Atorvastatin was
used as the standard inhibitor of HMG-CoA reductase.

Percentage enzyme inhibition was calculated as follows:
% Inhibition = (Ao — A1 / Ag) x100

Ao: Absorbance of control

Ai: Absorbance of sample and standard material

For enzyme inhibitor activities, the results are given as half
maximal inhibitory concentrations (ICso values) calculated
regression prepared from the concentrations of samples. Us-
ing regression analysis data, half maximum inhibition/scav-
enging concentration (ICso) was calculated from enzyme in-
hibition % activities and antioxidant activities % (for ABTS,
DMPD, and DPPH radical scavenging). Lower ICso values
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indicate higher inhibitory potential and antioxidant activities
of the tested plant extract.

Results and Discussion

Plants are natural sources of biologically active compounds
(such as vitamins and polyphenols) with diverse biochemical
and therapeutic activities (Proteggente et al., 2002; Rufino et
al., 2010; Rinaldo et al., 2014; Afam et al., 2021). Among the
therapeutic benefit of fruits and vegetables is their strong an-
tioxidant activities (Wang et al., 1996; Karadeniz et al., 2005;
Almeida et al., 2011; Dandare et al., 2017; Magaji et al.,
2022). Quince has been reported to contain high levels of
ascorbic acid (Gheisari and Abhari, 2014; Mir et al., 2016).
Phytochemical analysis reveals that apples contain the appre-
ciable level of vitamin C, phenols and flavonoids (that in-
clude anthocyanins, catechin, chlorogenic acid, hy-
droxycinnamic acids, phloridzin, procyanidins and quercetin)
(Siqueira et al. 2013; Djenidi et al., 2020; Asale et al., 2021;
Vasile et al., 2021). Citrus, including grapefruit and lemon,
were reported to be exclusively rich in vitamin C and a-to-
copherol, in addition to phytochemicals like flavonoids, con-
densed tannins, limonoids, gallic acid, protocatechuic acid, p-
hydroxybenzoic acid, vanillic acid, caffeic acid, p-coumaric
acid, salicylic acid, ferulic acid, anisic acid, triterpenes and
sinapic acid (Garcia-Closas et al., 2004; Gorinstein et al.,
2004; Uckoo et al., 2012; Agudelo et al., 2017; Makni et al.,
2018; Alrasheid et al., 2019; Djenidi et al., 2020). In different
varieties of pomegranate, phenolic compounds (ellagic acid,
gallic acid, chlorogenic acid, caffeic acid, vanillic acid, feru-
lic acids trans-2- hydrocinnamic acid, quercetin) and flavo-
noids (catechin, rutin, quercetin and phloridzin) were identi-
fied (Hmid et al., 2017; Djenidi et al., 2020; Tekin and
Kucukbay et al., 2020). Phytochemical analysis by Lee et al.
(2012), Murathan (2020) and Aydin (2021) reported the pres-
ence of tartaric acid, malic acid, lactic acid, gallic acid, citric
acid, catechins, phenols, flavonoids and ascorbic acid in per-
simmon fruit. Radish fruits are rich in flavonoids (such as
myricetin, catechin, epicatechin, and quercetin), phenols (e.g.
quercetin, o-coumaric acid, tyrosol, sinapic acid, vanillic
acid, vinyl guaiacol), glycosides, terpenes and fatty acids
(Beevi et al., 2010; Xiao et al., 2012; Baenas et al., 2014;
Goyeneche et al., 2015; Park et al., 2016; Selyutina and
Gapontseva, 2016; Chihoub et al., 2019). Onion, on the other
hand, contains high levels of organosulfur and phenolic com-
pounds such as onions, cycloalliin, isoalliin, methiin, querce-
tin and rutin (Alagarsamy et al., 2018; Zhao et al., 2021).
These phytochemicals are responsible for fruits and vegeta-
bles' antioxidant activities and therapeutic benefits.
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The antioxidant activities of plants investigated in the present
study are presented in Table 1. Persimmon and quince exhib-
ited minor ABTS radical scavenging activity (with ICs val-
ues of 17.80 +1.12 and 9.47 +0.83 mg/mL, respectively),
while apple ICsp = 6.32 £0.09 mg/mL), lemon (ICso= 4.96
+0.20 mg/mL), onion (ICs¢= 3.73 + 0.08 mg/mL), grapefruit
(ICso= 3.63 £0.11 mg/mL) and radish (ICso= 2.90 +0.05
mg/mL) had moderate ABTS radical scavenging activity. The
strongest ABTS radical scavenging action was exhibited by
pomegranate (ICso= 1.07 £0.04 mg/mL). The ABTS radical
scavenging activities of the plants above were far below that
of BHA (ICs¢= 0.07 £3.0x107%), used as a standard. Analysis
of DMPD radical scavenging activity revealed that lemon had
the strongest DMPD radical scavenging activity (ICso= 9x10
4 £6x10° mg/mL), followed by grapefruit, onion and pome-
granate respectively (ICso= 0.04 £1x10, 0.06 £6x107, 0.08
+6x10~* mg/mL). The minor scavenging activities were found
in quince (ICsp=1.15 £0.03 mg/mL), apple (ICso= 1.20 £0.06
mg/mL), radish (ICsp = 1.25 £0.04 mg/mL) and persimmon
(ICso=1.70 £0.02 mg/mL). Despite the excellent DMPD rad-
ical scavenging activity exhibited by lemon in the present
study, its action was still below that of the standard used, i.e.
epicatechin (ICso= 6.6x10-5 £4.8x10”° mg/mL). As observed
in the present study, pomegranate (ICso = 0.39 =£0.01 mg/mL)
and grapefruit (ICso = 0.99 £0.05 mg/mL) exhibited strong
DPPH radical scavenging activities, though not beyond that
of rutin (ICso= 0.24 £0.01 mg/mL) which used as standard.
Lemon, apple, onion, persimmon, and radish (ICso values of
1.97 £0.08, 2.24 £0.15, 2.45 £0.17, 3.42 £0. 42, 4.74 £0.04
mg/mL, respectively) had moderate scavenging activities,
while quince (ICso= 9.02 £0.17 mg/mL) had the minor scav-
enging activity.

The outcomes of the present finding agree with previous re-
ports that indicated antioxidant and free radical scavenging
activity of reported quince, apple, grapefruit, lemon, pome-
granate, persimmon, radish and onion. Quince has been
shown to contain high levels of phytochemicals. The fruit ex-
hibit promising antioxidant activity such as reducing power,
ferric reducing antioxidant power (FRAP) and DPPH radical
scavenging activity in the range of 70.9-89.5%, 1.40-1.68 uM
and 79.91-82.61%, respectively (Mir et al., 2016). Similarly,
Muzykiewicz et al. (2018) reported that ripe and unripe
quince fruit have DPPH, FRAP, and ABTS radical scaveng-
ing activity. At 60 minutes extraction time, 70% ethanol of
the unripe fruit had DPPH and ABTS radical scavenging ac-
tivity of 29.43 +£0.31 % and 9.10+£0.16 %, respectively, as
against 15.78 +£0.59 % and 7.19+0.44 % of the ripe fruit.
DPPH radical scavenging activity of the unripe and ripe fruits
are 1.51 and 0.81 mg Trolox/g, respectively. Asale et al.
(2021) reported that apple juice had DPPH radical scavenging
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activity and iron-reducing power of up to 86.20 +2.28 ng/mL
and 1.93 + 0.66 mg/mL, respectively. The highest total anti-
oxidant activity observed was 0.46 £0.08 mg BHT equiva-
lent/g. More so, a study by Siqueira et al. (2013) have shown
that apple has both strong DPPH radical and ferric-reducing
antioxidant power (FRAP), thus exhibiting excellent antiradi-
cal effects.

Citruses such as grapes and lemons are rich in ascorbic acid
(Makni et al., 2018; Alrasheid et al., 2019) and thus are ex-
cellent antioxidant sources. Studies have shown that grape-
fruit had both DPPH and ABTS radical scavenging activity.
Depending on the variety, DPPH scavenging activity ranged
from 35.25 +£0.15% to 46.08 +0.10 %, while ABTS radical
scavenging activity was between 0.61 £0.06% to 0.92 +0.08
(Sicari et al., 2018). In another study by Agudelo et al. (2017),
grapes exhibited a DPPH scavenging activity ranging from
5.61 £0.07 to 8.61 £0.10 mg/mL, while the ferric reducing
power of the fruit was between 1.67 +0.01 to 3.10 =0.30
mg/mL. The highest lipid peroxidation inhibition as -caro-
tene bleaching and TBARS formation inhibition are 19.2
+0.70 mg/mL and 4.17 £0.06 mg/mL (Agudelo et al., 2017).
Conversely, Lemon had a DPPH radical quenching ability of
ICso=434.50 £5.9 ug/ml and a reducing power of around 0.15
pg/mL (Makni et al., 2018). A report by Oikeh et al. (2015)
showed that Grape and lemon juice have DPPH scavenging
activity (24.0+0.10 and 5.25 £0.40 mg/mL, respectively) and
FRAP 364.2 £10.25 and 122.75 £3.25 pmol/L Fe(Il)/g re-
spectively). Ripe fruit of pomegranate has been shown to

have antioxidant activities by a testing method such as DPPH
radical scavenging activity, ABTS scavenging activity and
FRAP of 319.2 £4.2, 778.8 £2.4 and 525.3 +15.8 umol
Trolox/g dry mass, respectively (Magangana et al., 2021).
Comparative antioxidant analysis between astringent, non-
astringent and wild types of persimmons by Aydin (2021) in-
dicated that the wild type had higher antioxidant potential
than the other types. The ABTS, CUPRAC, DPPH, and
FRAP activities were 112.95 + 1.48, 550.24 + 1.30, 232.56 +
3.08 and 542.69 + 1.84 umol Trolox/g, respectively. Re-
search into the antioxidant potentials of radishes revealed that
some varieties of the fruit could have superoxide radical scav-
enging activity of up to 68.87% at 1000 pg/mL and a DPPH
activity of about 20.78% (Park et al., 2016). Onion is an es-
sential source of bioactive and antioxidant compounds as a
vegetable. The antioxidant activities of this vegetable are re-
ported not to be drastically influenced by heating or cooking
(Moreno-Ortega et al., 2020). FRAP and DPPH radical scav-
enging activities were 12.40 £0.12 mg Trolox/g dry mass and
8.00 £ 0.23 mg Trolox/g dry mass before heating. After heat-
ing for 10 minutes at 80°C, the FRAP and DPPH radical scav-
enging activities were reduced to 10.57 +£0.34 and 6.50 £0.37
mg Trolox/g dry mass (Ren et al., 2017).

In general, the antioxidant activities exhibited by fruits and
the vegetable investigated in the present study can be at-
tributed to the phytochemical component such as ascorbic
acid, tocopherol, quercetin, and rutin, among other vitamins
and polyphenols present in the plant extracts.

Table 1: Antioxidant activities of ethyl alcohol extracts from various plants.

Plant/Standard ABTS DMPD DPPH
Inhibitor (ICso; mg/mL)* (ICso; mg/mL)* (ICso; mg/mL)*

Quince 9.47 £0.83 1.1540.03 9.02 +0.17
Apple 6.32 +0.09 1.20 +£0.06 2.24 £0.15
Grapefruit 3.63 £0.11 0.04 £1x10° 0.99 +0.05
Lemon 4.96 £0.20 9x10* £6x107 1.97 £0.08
Pomegranate 1.07 £0.04 0.08 £6x10°° 0.39 +0.01
Persimmon 17.80 £1.12 1.70 £0.02 3.42 +£0. 42
Radish 2.90 +£0.05 1.25 +0.04 4.74 £0.04
Onion 3.73 £0.08 0.06 £6x10° 245 +0.17
BHA 0.07 £3.0x107 - -
Epicatechin - 6.6x10° +4.8x10° -
Rutin - - 0.24 +0.01

* Mean = SD of triplicate values
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As seen in Table 2, the HMG-CoA reductase inhibitory ac-
tivity of persimmon (ICsp= 0.71 £0.18 pg/mL) was higher
than that of Atorvastatin (ICso= 1.76 £0.12 ug/mL) which is
a standard inhibitor of the enzyme. The inhibitory action of
radish (ICsp= 1.81 +£0.56 pug/mL) was close to that of the
standard inhibitor. More so, lemon (ICsp= 5.31 £0.80 ug/mL)
and apple (ICso= 12.42 +2.53 pg/mL) also had intense inhib-
itory action on the enzyme. In contrast, onion, quince, pome-
granate and grapefruit, respectively (ICsp= 62.92 £2.94, 79.36
+3.94, 329.98 £163.14 and 13741.89 +£3485.70 pg/mL) ex-
hibited lower HMG-CoA reductase inhibitory activity.
Statins are reported to be excellent inhibitors of HMG-CoA

reductase. They help down-regulate cholesterol biosynthesis
(Collins et al., 2016). Plant-based statins (such as lovastatin,
pravastatin, and simvastatin) derived from sterols during the
fermentation process play a significant role in cholesterol bi-
osynthesis via HMG-CoA reductase inhibition, thus reducing
the risk of cardiovascular diseases and infarction (Furberg et
al., 1994; Byington et al., 1995; Pedersen et al., 1998;
Furberg, 1999). The HMG-CoA reductase inhibitory activity
of fruits and vegetables observed in the present study is likely
due to the rich phytochemical composition of the plant, which
is in the form of polyphenols, sterols, vitamins, and fatty ac-
ids.

Table 2: HMG-CoA reductase inhibition activity of ethyl alcohol extracts prepared from various plants

Plant/Standard Concentration Inhibition ICsy Values

Inhibitor (ng/mL) (%)* (ng/mL)*
1.00 19.85+4.9

Quince 10.00 35.95+0.78 79.36 £3.94
100.00 55.60+1.17
0.10 20.94 +4.87

Apple 1.00 30.41 £8.03 12.42 £2.53
10.00 4591 +4.00
1000.00 12.35+4.64

Grapefruit 5000.00 17.82 +0.48 13741.89 +£3485.70

10000.00 42.73 £7.58
0.10 6.35 £1.69

Lemon 1.00 29.68 £3.54 5.31 £0.80
10.00 76.84 +6.83
10.00 34.30 +1.18

Pomegranate 100.00 47.56 £11.85 329.98 +£163.14

1000.00 70.17 £0.58
0.01 36.87 £1.65

Persimmon 0.10 42.64 £1.02 0.71 £0.18
1.00 54.60 +£3.27
0.10 37.954+2.55

Radish 1.00 47.57 £6.74 1.81 £0.56
5.00 82.95+4.10
50.00 45.50 £1.44

Onion 75.00 51.67 £3.45 62.92 £2.94
100.00 72.93 +4.81
0.50 4.81 +0.64

Atorvastatin 1.00 30.37 £8.91 1.76 £0.12
2.50 72.59+2.79

* Mean = SD of triplicate values
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Conclusion

In conclusion, the fruits and vegetable extracts examined in
the present study showed strong antioxidant activity. The
plants also exhibited promising HMG-CoA reductase inhibi-
tion activity, especially persimmon and radish fruit. These
potent antioxidant and inhibitory properties can be attributed
to the rich phytochemical composition of plant extracts. Thus,
it can be a potential source of new bioactive compounds ef-
fective against oxidative stress, hypercholesterolemia and
cardiovascular complications.
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ABSTRACT

Enriching cereal-containing functional foods in the changing food industry is highly attractive.
Examining the use of nutrient-rich melon seed powder (MSP), a waste, in bakery products is val-
uable in sustainability. Within the scope of the study, the use of MSP as an alternative raw material
to whole wheat flour (WWF) in cupcake formulation was investigated. Four formulations contain-
ing varying proportions of MSP (0%, 10%, 20%, 30%) were evaluated. Depending on the increase
of MSP substitution, an increase was observed in the protein, fat and total ash ratios of the cup-
cakes. The addition of MSP to the product caused browning in the colour of the cupcakes and an
increase in hardness values while causing a decrease in their specific volumes. According to the
sensory analysis results, while the control cake was the most liked group, it was determined that
MSP addition could be used up to 20% in terms of general acceptability and odour in cake pro-
duction.
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Introduction

Cereal-based foods are among the most consumed from the
carliest times of humanity. For this reason, it is aimed to im-
prove public health by enriching cereal-based foods with
some components with functional properties and presenting
them as "functional food" (Aksoylu et al., 2012). While these
substitutions affect the nutritional values of the products, they
also directly affect the functional properties such as increased
gel-forming, stabilising, and water and oil-holding capacities
(Khan et al., 2016). In this direction, waste products such as
fruit peel, seed and pulp are becoming widespread in the en-
richment of bakery products (Mirabella et al., 2013). Melon
seeds are among the products that have attracted attention in
evaluating food waste in recent years.

Melon seed is a precious product due to its rich composition.
The chemical composition of melon seed contains 15-25%
protein, 15% fibre, B and C vitamins, iron, magnesium, po-
tassium, calcium, phosphorus minerals and 20-40% fat. The
fat content of melon seeds is also precious. 59.0% linoleic
acid and 26.4% oleic acid in it is highly effective on heart and
brain health (Ok, 2020).

When the literature is examined, some studies have been
found in which melon seed flour is used for enrichment in the
production of gluten-free lokma, noodles and muffins. Dabral
and Sharma (2021), in which the effect of melon seed flour
on muffins was evaluated, it was seen that only the sensory
properties of the cakes were examined. In this direction, the
study aimed to evaluate the effects of using melon seed pow-
der in different proportions on the cakes' physical, chemical,
textural and sensorial properties. The study is considered to
be valuable in terms of waste assessment and sustainability.

Table 1. Formulation of Cupcakes

Materials and Methods

Melon fruits, whole wheat flour, sugar, fresh whole eggs (ap-
proximately 65% of egg content is white and 35% is yolk),
full-fat milk powder, shortening, baking powder, and vanilla
were purchased from the local market in Kiitahya, Ttirkiye.

Preparation of Melon Seed Powder

Melon Seeds Powder (MSP) was prepared according to the
method described by Kilmanoglu et al. (2022). Melon seeds
were separated from the melon fruits using a knife and pre-
frozen at -40°C for 2 h. Then, the seeds were dried in a freeze-
dryer (CoolerMed, Tiirkiye) for 24 h. Lyophilization was car-
ried out at a vacuum of 0.04 mbar and at -50°C. Dry samples
were ground in a mill (Ozlem, Tiirkiye). Melon seed powder
is kept in sealed glass containers at ambient temperature
(22°C +2) until analysis.

Preparation of Cupcakes

Cupcakes were prepared according to the method described
by Gadallah et al. (2022). The formulation of cupcakes is
given in Table 1. Sugar and shortening were mixed in a mixer
(KitchenAid, USA) for 3 min at slow speed and then at me-
dium speed for 2 min. Then, eggs were added and mixed at
medium speed for 2 min. Milk powder and baking powder
were added and mixed for 4 min. The prepared dough
weighed 40 g, was put into cake moulds, and baked in an
electric oven (Venarro, Tiirkiye) at 180°C for 30 minutes.
The baked cupcakes were cooled for 1 hour and kept in sealed
bags until the analysis.

Samples WWF MSP Fresh Whole Sugar  Shortening Baking Powder  Milk Powder
) ) Egg (g) ® ) ® ®
Control 100 0 &5 60 50 4 3
10% MSP 90 10 85 60 50 4 3
20% MSP 80 20 85 60 50 4 3
30% MSP 70 30 85 60 50 4 3

WWF: Whole Wheat Flour, MSP: Melon Seeds Powder

305



306

Research Article

Food Health 9(4), 304-312 (2023) e https://doi.org/10.3153/FH23027

Determination of Chemical Properties

The total protein content of WWF, MSP and cupcakes was
determined by AOAC Method 979.09 (used as Conversion
factor 5.70). Fat analysis was performed according to AACC
Method 30-25.01. Total ash content was determined using the
AOAC Method 923.03. The cupcakes' moisture content was
determined using an infrared moisture analyser (RADWAG
MAG 50, Poland). Oil holding capacity (OHC) and water
holding capacity (WHC) were determined according to the
methods described by Bin Ramli et al. (2010).

Determination of Physical Properties

The weight (g) of the samples was measured using a precision
balance after 1h of cooling. The rapeseed displacement
method was used to determine the volume of the cupcakes
(Lee and Hoseney, 1982). The specific volume of cupcakes
was calculated from the volume divided by weight. The bak-
ing loss was calculated according to Equation 1 (Altunakar,
2003).

Baking Loss= (Wd-Wc¢)/Wd*100 (Equation 1)

Wd: Dough weight before baking
Wec: Post-baking weight of the cake
Determination of Colour Properties

L, a, b values of cupcakes, MSP and WWF were determined
with a colourimeter (PCE-CSM 4 Colorimeter, Tiirkiye). The
colour properties of the flour and powder were determined
using a rig belonging to the device. After the cupcakes were
baked and cooled, measurements were obtained on the crust
and crumb of the cupcakes (Su et al., 2005; Akbas and
Kilmanoglu, 2022).

Determination of Sensory Characteristics

The sensory evaluation was conducted with 15 semi-trained
panellists (9 females, 6 males) selected from Kutahya Dumlu-
pinar University Pazarlar Vocational School staff and stu-
dents. The cakes were coded after baking and presented to the
panellists randomly. Panellists were asked to evaluate the
samples for colour, hardness, taste, odour and overall accept-
ability. A scoring scale 5 was used (1: the minimum likes, 5:
the maximum likes) (Bozdogan et al., 2019).

Texture Analysis

The method specified by Tuna Agirbas et al. (2022) was used
to carry out the texture analysis of the cupcakes. The hardness
values of cupcakes were determined using TA, XT Plus C
Texture Analyzer (Stable Micro Systems, England). The

samples were cut in 2.5 cm diameter and 2 cm height dimen-
sions and analysed using an aluminium cylindrical probe with
a diameter of 36 mm. Cupcakes were compressed to 50% of
their original thickness with a load cell of 5 kg and a test
speed of 2 mm/s. The time between two compressions was
determined as 30 sec.

Statistical Analysis

SPSS Statistic 22 (SPSS INC., Chicago, IL, USA) software
package was used for statistical analysis. The significance of
the difference (p<0.05) between the obtained data was deter-
mined using the Tukey test and revealed by one-way analysis
of variance (ANOVA). All analyses were repeated three
times and are given with their standard deviations.

Results and Discussion

The results obtained from the physicochemical, functional
and colour measurements of WWF and MSP are shown in
Table 2. The moisture content of MSP was lower than WWF,
while the fat, protein and ash content were higher. Another
study reported that fruit kernel flour has higher protein, fat
and total ash content than wheat flour (Celik and Pozan,
2020). For this reason, cupcakes produced with MSP are ex-
pected to contain more ash and protein than those prepared
with whole wheat flour.

In the production of bakery products, the water-holding ca-
pacity of flour plays a critical role in forming texture in food-
stuffs (Zayes, 1997). In addition to flour's protein and starch
components, lipids in the product also affect the water-hold-
ing capacity (Sissons, 2008). Because MSP contains more fat
than WWF, the water-holding capacity of MSP has been cal-
culated to be lower than that of WWF. Fisek (2021) reported
that oil components reduce the water-holding capacity.

Components with high oil-holding capacity act as emulsifiers
and improve the viscosity and texture of foods (Aydin, 2020).
When the oil holding capacities of flours were examined, the
oil holding capacity of MSP was lower than that of WWF.
This result can be interpreted as a reduction in the water and
oil binding capacity due to the binding of lipids in melon
seeds to hydrophobic groups and amylose units (Fisek, 2021).

The L value, which means the degree of white to black col-
our, recorded the lowest value in MSP (71.74+4.44) com-
pared to WWF (90.07+0.43), while the redness (a) and yel-
lowness (b) values of MSP were significantly higher than
WWEF.
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Table 2. Physicochemical, functional, and colour properties

of WWF and MSP
Sample WWF MSP

Moisture (%) 9.26 £0.04 4.94 +£0.03
Total Ash (%) 1.12 £0.07 6.44 +£0.06
Fat (%) 4.01 £0.08 20.06 +1.14
Protein (%) 13.64 £0.10  17.22 +0.07
WHC (g/g) 3.01 £0.02 2.41 £0.01
OHC(g/g) 2.05 +0.01 1.60 £0.00
L 90.07+0.43  71.74+4.44

a 1.47 £0.36 7.28 £0.05
b 9.84 £0.58 29.13 +0.49

WWEF: Whole Wheat Flour, MSP: Melon Seed Powder,
WHC: Water Holding Capacity, OHC: Oil Holding Capacity

Chemical analysis results of cupcakes are presented in Table
3. The cupcake content of fat significantly increases with
the addition of MSP. This is because the fat content of MSP
is more than WWF. It is stated that fruit and vegetable seeds
have a high-fat content and enrich the product in terms of fat
(Bialek et al., 2016).

It revealed that the moisture of cupcakes decreased propor-
tionally to the addition of MSP. However, this decrease was
not statistically significant (p>0.05). The decrease in mois-
ture contents was interpreted as MSP containing less hydro-
philic components due to its high-fat content (Manthey et
al., 2004). Some studies show that seed powder-added cup-
cakes have low water holding capacity, which is coherent

Table 3. Chemical analysis results of powder and cupcakes

Research Article

with our results (Khan et al., 2016; SZidan and Suliman,
2022).

When the total ash content of the cupcakes is compared, it
can be said that it increases as the MSP addition rate in-
creases, but only the cupcake with 30% MSP significantly
differs when compared to the control. Generally, the in-
crease in the ash content of the products is important because
it is associated with increased functionality. Ambigaipalan
and Shahidi (2015) reported that the ash content of cakes
prepared with palm kernel flour (2.5% and 5%) increased
significantly.

The water-holding capacity is related to the amount and
structure of the hydrophilic components in the molecular
structure and their position to interact with water at the sur-
face in the tertiary structure (Zayes, 1997). In food with
high-fat content, the lipid component can easily form com-
plex structures with starch through weak bonds or remove
the hydrophilic groups of starch from water due to its hydro-
phobic structure (Fisek, 2021). It can be said that the WHC
of cupcakes significantly decreases depending on the in-
crease in MSP addition. This is related to the fact that the
water-holding capacity of MSP is less than WWF (Fisek,
2021).

It was seen that the increase in MSP addition caused a de-
crease in the oil-holding values of the cupcakes. The change
in oil holding capacity was statistically significant (p<0.05).
It can be interpreted that the cupcakes' oil holding capacity
decreases as the cupcakes' oil content increases. Joshi et al.
(2015) reported that increased water and oil holding capac-
ity was observed in samples with reduced fat content.

Sample Moisture (%) Total Ash (%) Fat (%) Protein (%) WHC (g/g) OHC (g/g)
Control 25.71+£1.62* 1.74+0.01 15.25+£0.07*  9.04+0.72° 2.51+£0.01¢  3.29+0.03 ¢
10% MSP 24.85+1.14° 1.72+0.02 ® 15.37+0.06* 10.02£1.22°* 2.344+0.004°¢  3.2+0.01 ¢
20% MSP 24.76+1.48 * 1.85+0.02 ** 16.33£0.06°  14.36+0.49®  2.21+0.01% 2.74+0.01°
30% MSP 24.58+0.34 * 1.88+0.00 © 17.87£0.02¢  15.14+0.69°  2.11£0.02®  2.41+0.01°?

WWEF: Whole Wheat Flour, MSP: Melon Seed Powder, Control: cupcake without melon seed powder, 10% MSP: cupcake with 10% melon
seed powder, 20% MSP: cupcake with 20% melon seed powder, 30% MSP: cupcake with 30% melon seed powder, WHC: water holding
capacity, OHC: oil holding capacity, Different letters within a column indicate significant differences at p<0.05

307



Research Article

Food Health 9(4), 304-312 (2023) e https://doi.org/10.3153/FH23027

The raw materials used in bakery products directly affect the
product's colour. Product colour is also one of the most crit-
ical parameters affecting the acceptability of the product
(Aljobair, 2022). The crumb and crust colour analysis re-
sults of cupcakes are shown in Table 4. While L and a values
were not statistically significant for the crumb colour of cup-
cakes, b values were different. It was stated that the increase
in b value was due to the carotenoids that give the melon

Table 4. Crumb and crust colour analysis results of cupcakes

Crumb Colour

Samples/

Parameters

seed powder its unique colour (Celik and Pozan, 2020). Re-
garding the crust colour, the highest L and b values were
observed in the control cupcake, while the lowest values
were recorded in the cupcakes with 30% MSP. Ayoubi et al.
(2022) reported that adding pomegranate peel powder
caused a decrease in the brightness (L), b and a value of the
cakes. Other studies stated that there are decreases in the L,
b and a value of the products depending on the substitution
rate (Sung et al., 2020; Giil and Sen, 2017).

Crust Colour

Control 54.35£2.01* 6.16+0.73* 21.14+0.45°
10% MSP 51.28+£2.47*°  6.69+1.13* 22.97+1.76®
20% MSP 51.53+£1.93*  8.01+£0.35* 25.19+1.24°
30% MSP 51.27£3.01*°  7.32+1.00° 24.61+0.97°

46.65+0.28 °©  16.51+0.55®  31.16+0.43°
42.43£2.39%  17.38+0.66°  29.69+2.60*
39.90+2.64°  15.534+2.15%  24.48+3.22%®
33.17£1.000 13.85+0.41* 22.93+2.45°

MSP: Melon Seed Powder, Different letters within a column indicate significant differences at p<0.05

Figure 1. Images of Cupcake Samples control, 10% MSP, 20%MSP, and 30% MSP (from left to right, respectively)

Table 5. Some characteristics of cupcake and dough samples

Sample pH Specific Volume (mL/g) Baking Loss (%) Hardness (g)

Control 6.82 +£0.01° 2.63 £0.05¢ 16.67 £2.21° 2198.18 £140.61?
10% MSP 6.72 £0.012 2.16 £0.03° 15.45 +1.63* 2237.73 £105.36%
20% MSP 6.71 £0.04* 1.72 £0.00* 14.94 £0.09° 2596 +22.96%
30% MSP 6.69 £0.01* 1.59 £0.01* 15.67 £0.73° 2854.23 +189.33°

MSP: Melon Seed Powder, Different letters within a column indicate significant differences at p<0.05
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The pH of the dough and specific volume, baking loss and
hardness values of cupcakes were presented in Table 5. When
the pH values were examined, it was seen that the pH de-
creases as the addition of MSP increases. This pH decrease
was significant compared to the control. In a study on cup-
cakes with bitter melon powder addition (3%, 6%, 9%, 12%),
the cupcakes' pH decreases as the addition rate increases (An,
2014). MSP contains about 5 times higher lipids than whole
wheat flour and, therefore, contains a high percentage of fatty
acids. The pH of cupcakes with MSP is thought to decrease
due to their fatty acids.

The addition of MSP significantly affected the specific vol-
umes of the cupcakes. Specific volume was lower in formu-
lations with reduced whole wheat flour. This situation
showed parallelism with the texture data. The increase in the
substitution ratio caused a decrease in the specific volume
and increased the hardness values of the cupcakes. The data
obtained by Lotfy and Barakat (2018) was found to be paral-
lel with the study. Adding MSP causes dilution in the amount
of gluten in the cupcake mix and reduces the viscoelastic net-
work formed by gluten (Batista et al., 2018; Akbas and
Kilmanoglu, 2022). Gluten protein contributes to the increase
in the volume of the product by providing gas retention dur-
ing cooking (Akubor and Ishiwu, 2013; Bustos et al., 2015).

Baking loss is reported as damage caused by gas leakage dur-
ing the cooking process. It is essential for the cake's structural
return and shelf life (Kim et al., 2012). In our study, the effect
of MSP addition to cakes on baking loss was not statistically
significant. Tuna Agirbas et al. (2022) found that different
fruit seed flours (apricot, sour cherry, pomegranate, and
pumpkin seed flour) did not cause a notable change in the
baking loss of the cake. Similar results have also been re-
ported in adding other raw materials with high-fat content to
the cake (Bozdogan et al., 2019; Grasso et al., 2020). Mar-
chetti et al. (2018) emphasised that baking loss is essential for
the food industry, and the lower the cooking loss, the higher
the yield.

The hardness of a food product is one of the most significant
factors determining its consumer acceptability. Therefore, the
determined hardness is not desired to be very different from
the values the consumers know (Batista et al., 2018). Adding
MSP in cupcakes affected textural properties significantly
(p<0.05). As the substitution ratio increased, the hardness
values of the cupcakes also increased. The softest cupcake
was controlled. This situation was interpreted as a decrease
in the gas holding capacity with the weakening of the gluten
network structure after the reduction of wheat flour. The de-
crease in volume has also led to the formation of products

with a more complex structure (Ayoubi et al., 2022). The re-
sults were determined to be similar to other studies (Chang et
al., 2015; Baltacioglu and Uyar, 2017; Giil and Sen, 2017).
Polak et al. (2019) reported positive correlations between
hardness and moisture data in cake production. In our study,
a decrease in the moisture values of the cupcakes was rec-
orded after the addition of MSP.

The sensory analysis results of the cupcakes produced with
the addition of MSP at different rates are given in Figure 2.
The most liked cake in terms of smell is the cake with a 20%
MSP addition. In other scales, it was determined that the con-
trol cake got the highest score, and the addition of MSP neg-
atively affected the results. When the colours of the cakes
were examined, browning was observed on the cake surfaces
as the MSP ratio increased (Figure 1). Gadallah et al. (2022)
reported that adding pomegranate peel flour caused differ-
ences in the crust colours of the cakes. In another study, Bal-
tacioglu and Uyar (2017) stated that the increase in the addi-
tion of pumpkin powder causes browning on the cake sur-
faces. Regarding taste, the most popular cake after the control
cake is the 20% MSP-added cake. The least preferred cup-
cakes were the cupcakes with 30% MSP. Dabral and Sharma
(2021) stated that adding melon seed powder and oat flour
improved the taste characteristics of the cake samples and in-
creased the overall taste. Consequently, the control cupcake
was the most liked with a general acceptability score of 4.31,
while the cupcakes with 10%-20% MSP were equally appre-
ciated. Celik and Pozan (2020) reported that the overall ac-
ceptability of noodle samples was adversely affected due to
the increased addition of melon seed powder. These results
are similar to our study.

Conclusion

Our study results show that melon seed powder's functional
properties are higher than wheat flour. With increased MSP
substitution in all cupcakes, higher protein, fat and total ash
content was noted compared to the control cupcakes. MSP is
a waste today. However, due to the approaching climate cri-
sis, it has been understood how valuable sustainability is in
the food industry and how important it is to evaluate waste.
With the study, it has been shown that this waste product can
be evaluated in improving the functional properties of bakery
products and can be added to the product at a rate of 20%
without affecting consumer demands. For future studies, it is
recommended to evaluate the functionality of melon seed
powder by determining its properties, such as dietary fibre
content, fatty acid composition, and phenolic and antioxidant
contents.
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Figure 2. General acceptability index values of sensory evaluation of cupcake samples (MSP: Melon Seed Powder)
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Diyetisyene basvuran kadinlarda tikanircasina yeme bozuklugunun saptanmasi ve bu durumun hedonik aglik
ve obezite ile iliskisinin incelenmesi amaciyla bu ¢aligma planlanmistir. 19-50 yas araligindaki 400 yetigkin
kadin degerlendirilmistir. Tikinircasina yeme davranisi bozuklugunu incelemek i¢in Edinburgh Bulimiya
Arastirma Testi, hedonik aglik durumunu belirlemek igin ise Besin Giicii Olgegi kullanilmistir. Katilimeilarin
%25.2’sinde tikinircasina yeme davranisi bozuklugu, %74.7’sinde ise hedonik aglik mevcuttur. Tikinircasina
yeme davranisi bozuklugu olan kadinlarin biiyiik bir cogunlugunda (%87.0) hedonik aglik durumu goriiliir-
ken, tikinircasina yeme davranisi bozuklugu olmayan kadinlarin beden kiitle indeksi degeri olan kadinlara
gore anlamli derecede daha diisiiktiir (25.3 +£5.12 kg/m?’ye kars1 27.0 £5.46 kg/m?, p=0.005). Tikinircasina
yeme davranist bozuklugu olan kadmlarin olmayanlara gére daha sik diyete basladiklart (%87.1°e karst
%41,8), daha istahli olduklar1 (%78,2°¢ kars1 %29.8) ve daha diizensiz 6giin aliskanliklarina sahip olduklar
(%68.3’e karst %41.3) bulunmustur (p=0.001). Tikinircasina yeme davranisi bozuklugu olmayan kadinlarin
%64.3tniin 15 giinde 1 kereden daha seyrek sekilde hazir/islenmis/paketli iiriinleri tiikettigi, tikinircasina
yeme davranist bozuklugu olan kadinlarmn ise %57.5’inin haftada 1-4 kereden daha sik tiikettikleri bulunmus-
tur (p=0.007). Tikinircasina yeme bozuklugu ile hedonik aglik ve beden kiitle indeksi pozitif yonde anlamli
derecede iliskilidir (sirasiyla r= 0.522, p=0,001; = 0.234, p=0.001). Tikinircasina yeme bozuklugu, diyetis-
yene bagvuran kadinlarin beslenme durumu ve besin tercihinde 6nemli bir faktordiir.

Anahtar Kelimeler: Hedonik aclik, Tikinircasina yeme bozuklugu, Beslenme aligkanliklari
ABSTRACT

Clinical significance of binge eating behavior in Turkish women who applied to a
dietician: A research on hedonic hunger, nutritional status and dietary habits

It is conducted to detect binge eating disorder in women who apply to a dietitian and to examine its relations-
hip with hedonic hunger and obesity. This study was conducted with 400 adult women aged 19-50 years.
Bulimic Investigatory Test Edinburgh was used to examine binge eating disorder, and The Power of Food
Scale was used to determine hedonic hunger status. 25.2% of the participants had binge eating disorder and
74.7% had hedonic hunger. While most women with binge eating disorder (87.0%) have hedonic hunger,
women without binge eating disorder have a significantly lower body mass index (25.3 +5.12 kg/m? vs
27.0+5.46 kg/m?, p=0.005). It was found that women with binge eating disorder diet more frequently (87.1%
vs. 41.8%), have more appetite (78.2% vs. 29.8%), and have more irregular meals than those without binge
eating disorder (68.3% vs. 41.3% (p=0.001). While 64.3% of women without binge eating disorder consume
processed/packaged products less than once in 15 days, 57.5% consume more than 1-4 times a week
(p=0.007). Binge eating disorder positively and significantly correlated with hedonic hunger and body mass
index (r= 0.522, p=0.001; r= 0.234, p=0.001, respectively). Binge eating disorder is an important factor in
the nutritional status and food preference of women who apply to a dietitian.

Keywords: Hedonic hunger, Binge eating disorder, Dietary habits
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Giris

Besin gereksinimini hizlica kargilama istegi, fizyolojik olarak
aclik hissedilmemesine ragmen haz amacli besin tiiketimi ve
sagliksiz beslenme aligkanliklarinin benimsenmesi optimal
beslenmenin 6niinde biiyiik bir engeldir ve dengesiz beslen-
meyi beraberinde getirmektedir. Yetersiz ve dengesiz bes-
lenme, agirlik kazanimiyla birlikte basta obezite olmak {izere
diyabet, hipertansiyon, kalp damar hastaliklari, kanser gibi
birgok saglik sorunlarina yol agabilmektedir (Cena ve Calder,
2020). Obezojenik bir ortamin karakteristigi olan lezzetli,
enerjisi yogun besinlerin bollugunun hedonik ac¢hig: tetikle-
digi 6ne siiriilmiistiir (Mead ve ark., 2021). Lezzetli ama sag-
liks1z ve pratik besin se¢eneklerine erisimin kolay ve ucuz ol-
mas1 bu besinlerin tiiketimini artirmaktadir (Manasse ve ark.,
2015). Bireyler fiziksel olarak a¢ olmamalarina ragmen, lez-
zetli besinleri tiiketmeye yonelik arzu duymakta ve besin tii-
ketimini homeostatik aclik olmaksizin ger¢eklestirmektedir.
Hedonik aglik, besine kars1 metabolik bir gereksinim duyul-
maksizin, zevk alma diirtiisii ile istahta artisin olmasi olarak
tanimlanmaktadir (Sarahman ve Akgil Ok, 2019). Hedonik
acligin obezite ve yeme davranisi bozukluguna bagl olarak
goriilen belirli beyin bolgelerindeki (oral somatosensori ile
ilintili) sinirsel ve algisal yanitla iligkili oldugu ileri siiriil-
mektedir (Mason ve ark., 2020). Fizyolojik a¢lik olmamasina
ragmen motive edici ve ddiillendirici olmalar1 sebebiyle lez-
zetli besinlere karst yogun istek duyulmasi besin aliminin
kontrolden ¢ikmasina neden olabilmektedir (Horwath ve ark.,
2020). Agirlik denetiminde basari saglamak icin bireye 6zgii
beslenme programi diizenlemek ve bireylerin saglikli bes-
lenme diizenini davranig haline doniistiirmek gerekir (Smet-
hers ve Rolls, 2018). Ideal viicut agirligim yakalamak/sirdiir-
mek, beslenme ve saglik sorunlarini en aza indirmek i¢in bes-
lenme stratejilerinin gelistirilmesi 6nemlidir (Smethers ve
Rolls, 2018). Beslenme sorunlar1 ve agirlik kazanimi sebe-
biyle diyetisyene bagvuran bireylerin 6nemli bir kisminda
yeme bozukluklar1 ve 6zellikle tikinircasina yeme bozuklugu
(TYB) goriilebilmektedir (Compare ve Tasca, 2016; Yang ve
ark., 2021). Tikinircasina yeme bozuklugu, kisa bir zaman di-
limi i¢inde tiiketilebilir miktardan daha fazla miktardaki be-
sinin tiiketilmesi ve bu davramisi sergilerken 6zdenetimin
saglanamadigl, tekrarlayici yeme ataklariyla karakterize bir
yeme bozuklugudur (American Psychiatric Association,
2013). Beslenme aligkanliklarinin, hedonik agligin ve obezi-
tenin TYB ile iligkili olabilecegi diistiniilmektedir (Ribeiro ve
ark., 2018). Daha yiiksek hedonik aglik, yetiskinler arasinda
yliksek enerjili besinlere yonelik artan bir dikkat egilimi ile
iligkili iken daha diisiik hedonik aglik ise asir1 kilolu ve obez
yetiskinler arasinda agirlik kaybi ile iliskilendirilmektedir
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(Kaur ve Jensen, 2022). Hedonik agliktaki bireysel farklilik-
lar agirhk kaybi miidahalelerinin basarisimi etkileyebilir
(Mead ve ark., 2021). Tikinircasina yeme bozuklugunun obe-
zite, hedonik a¢lik ve diger parametrelerle iligkisini farkli 6r-
neklemlerde inceleyen az sayida calisma bulunmaktadir
(Kaur ve Jensen, 2022; Ribeiro ve ark., 2018; Tas ve Gezer,
2022). Bununla birlikte, beslenme durumu ve beslenme alig-
kanliklarin1 da dahil ederek biitiinciil bir yaklasimla TYB’yi
degerlendiren ¢aligsma bulunmamaktadir. Bu ¢aligma, diyetis-
yene bagvuran kadinlarda TYB’nin saptanmasi ve TYB’nin
hedonik aglik, beslenme durumu, beslenme aliskanliklar1 ve
obezite ile iligkisinin incelenmesi amaciyla yiiriitiilmektedir.

Materyal ve Metot

Arastirmanin Yeri, Zamani ve Orneklem Secimi

Diyetisyene bagvuran bireylerde tikinircasina yeme bozuklu-
gunun saptanmasi ve hedonik aglik, beslenme durumu ve
aligkanliklar ile iliskisinin degerlendirilmesi amaciyla yapi-
lan bu calisma; Tiirkiye geneli diyetisyene bagvuran 19-50
yas araligindaki 400 yetiskin kadin ile yiiriitilmiistiir. Ca-
ligsma verileri, online anket yontemi ile elde edilmis ve diye-
tisyenler araciligiyla ¢esitli illerde (n=20) yasayan hedef kit-
leye ulasilmistir. Arastirmaya katilim i¢in goniilliilik esas
olup katilimcilara arastirmanin amaci ve kapsamina yonelik
bilgi verilmis ve onamlar1 alinmistir. Sosyo-demografik 6zel-
likleri, saglik durumlari, beslenme durumu ve aligkanliklari
ve fiziksel aktivite diizeyleri bir anket formu kullanilarak elde
edilmistir. Kanser, karaciger, bobrek, norolojik ve mental
hastalig1 olan bireyler, 6zel bir diyet programi uygulayanlar,
19 yas alt1 ve 50 yas lizeri olan bireyler, menopoz, hamilelik
ve emziklilik doneminde olan bireyler ¢alismaya dahil edil-
memigtir. Dahil etme ve hari¢ tutma kriterlerine gore kati-
limcr alim akis semast Sekil 1'de verilmistir.

Veri Toplama Araclar
Hedonik a¢lik durumunun degerlendirilmesi

Bireylerin hedonik ac¢lik durumunu belirlemek igin Cappel-
leri ve ark. (2009) tarafindan gelistirilen Besin Giicii Olgegi
(BGO) uygulanmistir. Besin tiiketiminden bagimsiz olarak,
besin uyaranlarinin zengin oldugu bir ortamda, besinin birey
tizerindeki psikolojik etkisi incelenerek hedonik agligin de-
gerlendirilmesi esasina dayanmaktadir. Olgek, lezzetli besin-
lerin tiiketiminden ziyade besinlere yakinligin {i¢ diizeyinde
(besine bulunabilirligi, besin mevcudiyeti ve besin tadina ba-
kilmas) istah1 degerlendirmektedir. Olgek 1 (hi¢ katilmiyo-
rum) ile 5 (kesinlikle katiliyorum) arasinda degisen 5'li likert
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olarak sunulmakta ve degerlendirilmesi 5 puan iizerinden ya-
pilmaktadir. Toplam puan, tiim maddelere verilen yanitlarin
toplanarak toplam madde sayisina béliinmesiyle elde edilir.
Elde edilen puan arttik¢a hedonik aglik yanit1 kuvvetlenmek-
tedir. Buna gore BGO skoru 2.5 ve iizerinde ise “hedonik ag-
ligin varligina”, 2.5un altinda ise “hedonik aglik yokluguna”
isaret etmektedir (Cappelleri ve ark., 2009).

Tikinircasina yeme durumunun degerlendirilmesi

Edinburgh Bulimiya Arastirma Testi (BITE) testi, 33 sorudan
olusmakta olup bireylerde TYB’yi saptamak amaciyla kulla-
nilmaktadir. Testin semptom skalasi ve siddet skalas1 olmak
iizere 2 alt dlgegi bulunmaktadir. i1k 30 soru, semptom skala-
sin1 olusturmaktadir ve evet/hayir olarak cevaplandirilmakta
ve en yiiksek 30 puan elde edilmektedir. 0-10 puan “yeme

Sekil 1. Katilimer alim1 akis semast

Figure 1. Participant recruitment flow chart

464 kadmn ¢alismaya goniillii oldu
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bozuklugu yoktur”; 11-19 puan “yeme bozuklugu yok, anor-
mal yeme davranigi vardir”; 20 puan ve {izeri ise “tikinirca-
sina yeme bozuklugu var” olarak degerlendirilmektedir. Sid-
det skalas1 3 sorudan olugsmaktadir. Yeme bozuklugunun cid-
diyetini belirlemekte ve 5 puan ve iizeri yeme bozuklugunun
varligini belirtmektedir (Henderson ve Freeman, 1987).

Fiziksel aktivite diizeylerinin degerlendirilmesi

Katilimeilarin fiziksel aktivite seviyelerinin degerlendiril-
mesi amaciyla iki soruluk kisa fiziksel aktivite degerlendirme
arac1 karsilikli goriisme yolu ile uygulanmugtir. Iki sorudan
elde edilen toplam skor hesaplanarak 0-3 puan araliginda ise
yetersiz aktif, >4 puan ise yeterli derecede aktif olarak deger-
lendirilmistir (Marshall ve ark., 2005).

Dahil edilme kriterini kargilamayanlar

v

10 katilimer yas araligiin digindaydi.

v

12 katilime1 menopoz, hamilelik veya
emziklilik donemindeydi.

v

2 katilimcinin mental hastalik tanis1 vardi.

\4

18 katilimcinin kronik hastalik tanis1 vardi

v

22 katilimei 6zel bir diyet programi
uyguluyordu

AV 4

400 kadmn ¢aligmaya dahil edildi

Dahil edilme kriterlerini
karsilayan tiim katilimcilarin
verileri eksiksiz olarak elde
edilmistir.
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Beslenme durumunun ve aliskanliklarinin degerlendirilmesi

Viicut agirligi kalibrasyonu yapilmis tarti aletiyle alinmis ve
boy uzunlugu stadiometre ile diyetisyenler tarafindan 6lgiil-
miistiir. Beden kiitle indeksi (BKI), viicut agirhiginin (kg) boy
uzunlugunun karesine (m?) boliinmesi ile elde edilmis ve
Diinya Saglik Orgiitii (World Health Organization) referans-
larina gore degerlendirilmistir (World Health Organization
(WHO) Global Database for Body Mass Index, 2023). Bes-
lenme aligkanliklarini saptamak amaciyla 6giin tiikketimi, is-
tah durumu ve bazi besinlerin tiiketim sikliklarina iliskin bil-
gileri iceren sorularin yanitlari online anket araciligiyla elde
edilmistir.

Istatistiksel Analiz

Verilerin degerlendirilmesinde IBM SPSS versiyon 22 ista-
tistik paket programi kullanilmistir. Caligma verileri deger-
lendirilirken tanimlayici istatistiksel metotlar kullanilmis
olup verilerin dagilimi ise Shapiro-Wilk testi ile degerlendi-
rilmistir. Niceliksel verilerde normal dagilim gostermeyen iki
grup karsilastirmasinda Mann-Whitney U testi, normal dagi-
lim gostermeyen ii¢ ve iizeri grubun karsilastirilmasinda
Kruskall-Wallis testi kullanilmigtir. Nicel veriler arasindaki
iligkiyi belirlemek amaciyla Sperman’s korelasyon analizi
kullanilirken, nitel veriler arasindaki iliskiyi belirlemek ama-
ciyla Chi-square testi kullanilmugtir.

Arastirmamin Etik Izni

Caligma protokolii, istanbul Medipol Universitesi Girisimsel
Olmayan Klinik Arastirmalar Etik Kurulu tarafindan E-
10840098-772.02-1402 sayili ve 189 karar numarasi ile onay-
lanmistir.  Arastirma Helsinki Ilkeler Deklarasyonu’na
(https://www.wma.net/what-wedo/medical-ethics/declara-
tion-of-helsinki/) uygun gerceklestirilmistir.

Bulgular ve Tartisma

Katilimcilarin genel 6zellikleri Tablo 1’de verilmistir. Diye-
tisyene bagvuran kadinlarin biiyiik bir ¢ogunlugu bekar, iini-
versite mezunu ve gelir diizeyi yeterlidir. Kadinlarmn yas or-
talamas1 27.2 +8.75 yil iken BKI ortalamasi ise 25.4 +4.99
kg/m?dir. Katilmeilarin tikinircasina yeme davranmigi ve he-
donik aclik durumlarma yonelik bilgiler Tablo 2’de verilmis-
tir. Katilimeilarin %25.2’sinde tikinircasina yeme davranisi
bozuklugu, %74.7’sinde ise hedonik aglik mevcuttur. Kati-
limcilarin BGO toplam skoru yiiksektir (3.2 £1.06) ve bu du-
rum hedonik ag¢liga isaret etmektedir.
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Katilimeilarin tikinircasina yeme durumlarma gore hedonik
aclik, BKI ve fiziksel aktivite diizeyleri Tablo 3’de verilmis-
tir. Tikinircasina yeme bozuklugu olan kadinlarin biiyiik bir
cogunlugunda (%87.0) hedonik aglik durumu goriiliirken,
TYB bulunmayan kadinlarda %68.0 ile bu oran daha diisiik-
tiir (p=0,001). Tikinircasina yeme bozuklugu olan kadinlarin
%63.4’1i fazla kilolu veya obezken, TYB olmayan kadinlarin
%355.2’si normal veya zayiftir (p=0.001). Beden kiitle indeksi
bakimindan incelendiginde, TYB olmayan kadinlarin BKI
degeri TYB olan kadinlara gére anlamli derecede daha dii-
siiktiir (25.3 +5.12 kg/m* ye karsi 27.0 +5.46 kg/m?,
p=0,005).

Katilimcilarin tikinircasina yeme durumlarina gore beslenme
aliskanliklar1 Tablo 4’de verilmistir. Tikinircasina yeme bo-
zuklugu olan kadinlarin olmayanlara gore daha sik diyete
basladiklar1 (%87,1°e kars1 %41,8), daha istahli olduklari
(%78.2°¢ karst %29.8) ve daha diizensiz 6giin aligkanlikla-
rina sahip olduklart (%68.3’¢ karsi %41.3) bulunmustur
(p=0.001). Beslenme aligkanliklar1 incelendiginde, TYB ol-
mayan kadinlarin %64.3’liniin hazir/islenmis/paketli tirtinleri
15 giinde 1 kereden daha seyrek sekilde tiikettigi TYB olan
kadinlarin %57.5’inin ise haftada 1-4 kereden daha sik tiiket-
tikleri bulunmustur (p=0.007). Yagh ve sekerli besinlerin tii-
ketimine odaklanildiginda ise TYB olan kadmlarin %79.2’si-
nin haftada 1-4 kereden daha stk TYB olmayanlarin ise
%40.8’inin 15 glinde 1 kereden daha seyrek yagh ve sekerli
besinleri tiikettigi saptanmistir (p=0.008).

Tikimircasina yeme durumu ile hedonik aglik, BKI ve fiziksel
aktivite arasindaki iliski Tablo 5’ de verilmistir. Edinburgh
Bulimiya Arastirma Testi semptom ve siddet skoru ile BGO
toplam skoru pozitif yonde anlamli derecede iligkili bulun-
mustur (r= 0.522, r=0.176, p=0.001). Benzer sekilde, BITE
semptom ve siddet skoru ile BKI degeri arasinda pozitif
yonlii anlamli derecede iliski saptanmistir (= 0.234,
r=0.201, p=0.001).

Viicut agirligi sorunu ile diyetisyene basvuran bireylerde ti-
kinircasina yeme durumunun siklikla goriilebilecegi ve bu
durumun bireyi ideal viicut agirligina getirmeyi amaglayan
beslenme programlarinin basarisini etkileyebilecegi diisliniil-
mektedir. Bu c¢aligma, diyetisyene bagvuran kadinlarda
TYB’nin saptanmasi ve TYB’nin hedonik aglik, beslenme
durumu, beslenme aligkanliklar1 ve obezite ile iliskisinin in-
celenmesi amactyla yiiriitiilmiistiir.
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Tablo 1. Katilimcilarin genel 6zellikleri

Table 1. General characteristics of the participants

Egitim Durumu

Ilkokul mezunu 9 2.2
Ortaokul mezunu 21 5.3
Lise mezunu 138 34.5
Universite mezunu 190 47.5
Lisansiistii 42 10.5
Gelir Diizeyi
Gelirim giderimden az 90 22.5
Gelirim giderime esit 212 53.0
Gelirim giderimden fazla 98 24.5
Medeni Durum
Bekar 269 67.3
Evli 131 32.7
Alkol Kullanimi
Evet 46 11.5
Hayir 354 88.5
Sigara Kullaninu
Evet 66 16.5
Hayir 334 83.5
Yas (Ort £ SS) 27.26 £8.75
Beden Kiitle Indeksi (kg/m?) (Ort + SS) 25.45 £4.99
Agwrlk (kg) (Ort = SS) 68.64 £13.6

Tablo 2. Katilimcilarin tikinircasina yeme davranisi ve hedonik aglik durumlari

Table 2. Participants' binge eating behaviors and hedonic hunger status

Tinitkimircasina Yeme Degerlendirmesi

Timikinircasina yeme davranisi yok 146 36,5
Tinikinircasina yeme davranigi yok. anormal yeme davranigi var 153 38,3
Tinikinircasina yeme davranisi var 101 25,2
BITE Toplam Skor (Ort £ SS) 14.0 £6.76
BITE Siddet Skor (Ort = SS) 3.7+3.73
Hedonik A¢hik Degerlendirmesi
Hedonik aglik yok 101 25,3
Hedonik aclik var 299 74,7
BGO Toplam Skor (Ort + SS) 3.2 +£1.06
BGO Alt Boyut Puanlari (Ort £ SS)
Besin Bulunabilirligi 3.0+1.15
Besin Mevcudiyeti 3.3+1.20
Besinin Tadina Bakilmasi 3.2 £1.10

Chi-Square Testi, Mann Whitney U Testi, p<0.05, BITE: Edinburgh Bulimiya Arastirma Testi, BGO: Besin Giicii Olgegi
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Tablo 3. Katilimcilarin tikinircasina yeme durumlarina gére hedonik aglik, BKI ve fiziksel aktivite diizeyleri

Table 3. Participants' hedonic hunger, BMI and physical activity levels according to their binge eating status

TYB Var TYB Yok
n (%) n (%) P

Hedonik Aclik Durumu

Yok 14 (13.9) 94 31.4) 0.001

Var 87 (86.1) 205 (68.6) )
BITE Skor (Ort £ SS) 3.83 1.1 2.95 +£0.96 0.002
Fiziksel Aktivite Siniflama

Yetersiz aktif 67 (66.3) 207 (69.2)

Yeterli derecede aktif 34 (33.7) 92 (30.8) 0.613
Fiziksel Aktivite Skor (Ort = SS) 3.83 £1.1 2.96 £0.97
BKI Siniflama

Zayif 1(1.0) 17 (5.7)

Normal 36 (35.6) 148 (49.5)

Hafif Sisman 35(34.7) 84 (28.1) 0.001

Obez 29 (28.7) 50 (16.7)
BKI (Ort = SS) 27.07 £5.46 2539 £5.12 0.005

Chi-Square Testi, Mann Whitney U Testi, p<0,05, BITE: Edinburgh Bulimiya Aragtirma Testi, TYB: Tikinircasina Yeme Bozuklugu,

BKI: Beden Kiitle Indeksi

Hedonik aglik, fizyolojik olarak aglik durumu gelismeden be-
sin alimina yonelik ¢eldirici ve uyarici bir diirtii olarak tanim-
lanmaktadir (Santoso ve ark., 2019). Hedonik aglik zevkli bir
duyum olusturan herhangi bir besine yanit olarak ndronal
odul sisteminin aktivasyonu ile iligkili bir stirectir (Lutter ve
Nestler, 2009). Hedonistik davranis sagliksiz besin se¢imi ile
sonuc¢lanabilmektedir (Santoso ve ark., 2019). Grelinerjik sis-
temin mezolimbik dopaminerjik devre yoluyla hedonik &diil-
lendirici ve motivasyonel yonlere aracilik ettigi diigiiniilmek-
tedir (Singh, 2014). Homeostatik sistem, tokluk ve aclik me-
kanizmas1 ve adipozite siire¢lerinin (leptin, grelin ve insiilin)
bir diizenleyicisi olarak enerji dengesini diizenlemektedir.
Leptin ve ghrelin salimimdaki degisimler ve hedonik sistem
tarafindan kontrol edilen 6diiliin aracilik ettigi durumlar
yeme davraniglari ile iliskilendirmektedir (Gissoni ve dos
Santos Quaresma, 2020). Bununla birlikte, anoreksijenik hor-
mon olan beyin-tiirevli ndrotrofik faktdriin (BDNF) hedonik
aclig1 engelleyerek besin alimimin azalmasi ile iligkili oldugu
ileri siiriilmektedir (Mancuso ve ark., 2020). Bununla birlikte,
ANKK1'in (rs1800497) ve DRD2 geninin (rs1799732) poli-
morfizminin BKI ve hedonik aglik ile dnemli derecede iliskili
oldugu bulunmustur (Aliasghari ve ark., 2021). Yetiskin bi-
reylerin hedonik aglik durumlarinin ve yeme davraniginin de-
gerlendirildigi bir calismada (n=1276); hedonik aclik toplam
ve alt skorlarinin Hollanda Yeme Davranisi Anketi alt 6lgek-

lerinden duygusal yeme ve dissal yeme ile pozitif iliskisi ol-
dugu (p<0.001) ve hedonik a¢lik ile yeme davranis bozukluk-
lar1 arasinda iligki oldugu ve obez bireylerin hedonik aglik ve
yeme davranis bozukluklari agisindan normal viicut agirli-
gina sahip bireylere gore daha riskli oldugu goriilmiistiir (Ay-
yildiz ve ark., 2021). Bu ¢alismada tikinircasina yeme davra-
nigt bozuklugu ile BKI arasinda pozitif yonlii anlamli dere-
cede bir iliski saptanmistir (r=0.234, p=0.001). Tikinircasina
yeme bozuklugu olan kadinlarin biiyiik bir gogunlugunun
(%87.0) hedonik aglik deneyimledikleri, fazla kilolu/obez ol-
dugu (%63.4°11), TYB olmayanlara gore daha sik diyete bag-
ladiklar1 (%87.1°e karst %41.8, p=0.001), daha istahl1 olduk-
lar1 (%78.2¢ kars1 %29.8, p=0.001), daha diizensiz 6&iin alis-
kanliklarina sahip olduklart (%68.3’¢ kars1 %41.3, p=0.001),
hazir/islenmis/paketli besinleri (p=0.007) ve sekerli/yagli be-
sinleri daha sik tiikettikleri bulunmustur (p=0.008). Obezite
ile TYB’nin sik sik birlikte goriilmesi ve her iki durumda da
asirt yeme davranislarinin bazi ortak davranigsal 6zellikleri
oldugu vurgulanmaktadir (Boswell ve ark., 2021). Diyet pa-
ternlerinin incelendigi bir ¢calismada (n=400); karistiricilar
kontrol edildikten sonra hicbir degisiklik olmaksizin tikinir-
casina yeme bozuklugunun sagliksiz beslenme kaliplari ile
pozitif, saglikli beslenme kaliplar ile negatif yonlii iligkili ol-
dugu bulunmustur (Yousefi ve ark., 2022). Bununla birlikte,
TYB’nin farkli nérobiyolojik 6zellikleri oldugu ve obeziteye
kiyasla daha yiiksek dirtiisellik ile karakterize oldugu bildi-
rilmistir (Boswell ve ark., 2021).
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Tablo 4. Katilimcilarin tikinircasina yeme durumlarina gére beslenme aliskanliklar

Table 4. Eating habits of the participants according to their binge eating status

TYB Var TYB Yok
n (%) n (%) P
Stk Sik Diyete Baslama
Evet 88 (87.1) 125 (41.8) 0.001
Hayir 13 (12.9) 174 (58.2) )
Istah Durumu
Kotii/ pek istahim yok 1(1.0) 10 (3.3)
Fena degil 2 (2.0) 24 (8.0) 0.001
Iyi/ normal 19 (18.8) 176 (58.9) )
Fazla igtahliyim 79 (78.2) 89 (29.8)
Diizenli Ogiin Tiiketimi
Evet 32 (31.7) 176 (58.7) 0.001
Hayir 69 (68.3) 123 (41.3)
Ogiin atlama durumu
Ogiin atlamiyorum 24 (23.8) 105 (35.1)
Sabah 26 (25.7) 52 (17.4) 0.001
Ogle 46 (45.5) 142 (47.5) )
Aksam 5(5.0) -
Hazir, Islenmis, Paketli Besinler
Hig 8(7.9) 57 (19.1)
Ayda 1 19 (18.8) 70 (23.5)
15 Giinde 1 Kez 16 (15.8) 65 (21.7)
Haftada 1-4 Kez 44 (43.6) 88 (29.4)
Giinde 1 Kez 5(4.9) 12 (4.0) 0.007
Giinde 2-4 Kez 9 (9.0) 7(2.3)
Sekerli ve Yagh Besinler
Hig 4 (4.0) 18 (6.0)
Ayda 1 6(5.9) 58 (19.4)
15 Giinde 1 Kez 11(10.9) 46 (15.4)
Haftada 1-4 Kez 60 (59.4) 137 (45.8)
Giinde 1 Kez 7 (6.9) 25 (8.4)
Giinde 2-4 Kez 13 (12.9) 15 (5.0) 0.008
Chi-Square Testi, Mann Whitney U Testi, p<0.05, TYB: Tikinircasina Yeme Bozuklugu
Tablo 5. Katilimcilarm BITE Olgegi ile BGO, BKI1 ve fiziksel aktivite skoru arasindaki iliski
Table 5. The relationship between BITE and Power of Food Scale, BMI and physical activity score
BGO Toplam BKI Fiziksel aktivite
Skor BGO Alt Boyut Skor skoru
Toplam skor Besin bqlqnabilir— Besin meveudiyeti Besinin tadina
BITE ligi bakilmasi
r p r p r p r p r p r p
Semptom Skor 0.522  0.001  0.592 0.001 0.436 0.001 0.373  0.001 0.234 0.001 0.022 0.659
Siddet  Skor 0.176  0.001  0.237 0.001 0.190 0.001 0.055 0.277 0.201 0.001 0.059 0.240

Sperman’s korelasyon testi, p<0.05, BITE: Edinburgh Bulimiya Arastirma Testi, BGO: Besin Giicii Ol¢egi; BKI: Beden Kiitle Indeksi
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Yiiksek enerjili besinlere ve yiiksek odiil duyarliligina yone-
lik egilimin, periferik dokulardan beyin bolgelerine giden no-
roendokrin sinyallemeyi degistirmesiyle asir1 besin tiiketi-
mini tetikleyebilecegi diisiiniilmektedir (Baenas ve ark.,
2023). Lezzetli besinlere yonelik artan noral ve algisal yanit-
lardan (oral somatosensoriyel islemede yer alan bolgelerde)
kaynakli hedonik agligin lezzetli besinlerin tiiketimine yone-
lik motivasyonu ve tikinircasina yeme olasiliginin artirmast
muhtemeldir (Burger ve ark., 2016). Tikinircasina yeme dav-
ranig bozuklugu ghrelin sinyalindeki ve melanocortin 4 re-
ceptor (MC4R) sinyalindeki disfonksiyon ile iliskilendiril-
mektedir (Geliebter ve ark., 2008). Ayrica, tikinircasina yeme
davranisi sergileyen bireylerde kisa siirede asir1 yemeye bagl
olarak mide kapasitesi/hacmi genislemektedir. Genisleyen
mide hacmi tokluk sinyallerinin azalmasi ile sonuglanarak
asir1 yemeye katkida bulunabilmektedir (Geliebter ve ark.,
2008). Bu ¢aligmanin bulgular tikinircasina yeme semptom
ve siddet skoru ile hedonik aclik toplam skorunun pozitif
yonde anlamli derecede iliskili oldugunu dogrulamaktadir (=
0.522, 1=0.176, p=0.001). Odiile dncelik verme egilimi (asir1
yemek yemenin hos tadi), besinin hedonik agidan 6diillendi-
rici 0zelliklerine duyarliligi daha da siddetlendirerek, 6diil-
lendirici uyaranlarin varliginda yeme kontroliinii kaybetmeye
yol agabilir. Bununla birlikte hedonik agligin tikinircasina ye-
menin 6nemli bagimsiz yordayicisi olabilecegi diistintilmek-
tedir (Manasse ve ark., 2018). Literatiir sonug¢lart hedonik sii-
reclerin tikinircasina yemeyi tesvik etmede 6nemli olabilece-
gini diisiindiirse de (Burger ve ark., 2016; Manasse ve ark.,
2018; Witt ve Lowe, 2014), giincel bir ¢alismada tikinircasina
yeme ataklar1 bildirmeyen bireylerle karsilastirildiginda, atak
bildiren bireylerin, yemenin olumsuz duygulanimi (t=—2.54,
p= 0.013) ve can sikintisin1 (U= 503.50, p= 0.006) azaltaca-
gina dair daha fazla beklentisi oldugu bulunurken, hedonik
aclik seviyeleri agisindan bir farklilik gostermedigi (t=—1.68,
p=.096) saptanmigtir (Parker ve ark., 2022).

Hedonik aclik ve tikinircasina yeme davranisi etkilesiminin
bircok faktdrden kaynaklanabilecegi diisiiniildiigiinden bu
caligma bazi sinirlamalara sahiptir. Cok sayida psikolojik ve
demografik faktorii dikkate alan gelecek arastirmalara ihtiyag
vardir. Hedonik aglik ve tikinircasina yeme davraniglarinin
degerlendirilmesi, bireylerin algisina bagl oldugundan, tiki-
nircasina yeme durumlarinin degerlendirilmesi farkli sonug-
lanmis olabilir. Ayrica, mahcubiyet veya utanma duygusu,
yeme davramislarimin ve aligkanliklarinin bildirimlerinde ya-
niltic1 olabilir. Sonug olarak, hedonik ac¢lik ve tikinircasina
yeme ataklar1 arasindaki zamansal iliskileri belirlemek igin
daha fazla veriye ihtiya¢ oldugu goriilmektedir.

Research Article

Sonug¢

Calismanin sonuglarina gore, tikinircasina yeme davranist
sergileyenlerin  %86.1’inin hedonik aclik deneyimledigi,
%63.4’1iniin fazla kilolu veya obez oldugu goriilmistiir. Ti-
kinircasina yeme semptom ve siddet skoru ile hedonik aglik
skoru ve BKI pozitif yonde anlamli derecede iliskili bulun-
mustur. Tikinircasina yeme davranisi bozuklugu, hedonik ag-
lik, beslenme oriintiisii arasindaki iliskiyi biitiinciil olarak de-
gerlendiren bir ¢alisma yoktur. Bu ¢aligmanin biitiinciil ola-
rak degerlendirmeye olanak saglamasi nedeniyle literatiire
katki saglayacagi ve bu yonde yapilacak daha sonraki arastir-
malar icin bir yol gosterici olabilecegi diistiniilmektedir. Ti-
kinircasina yeme davranist bozuklugu ve hedonik aclik kav-
ramlarina yonelik daha genis 6rneklemli ve detayl aragtirma-
lara ihtiya¢ duyulmaktadir. Bununla birlikte, klinisyenlerin
sadece yeme bozukluguna odaklanmasinin diginda bireylerin
hedonik aglik, beslenme durumlari ve davraniglarini biitiinciil
olarak degerlendirmesinin beslenme tedavisinin olumlu so-
nu¢lanmasina katkisi olacaktir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmisglerdir.

Etik izin: Calisma protokolii, Istanbul Medipol Universitesi Giri-
simsel Olmayan Klinik Arastirmalar Etik Kurulu tarafindan E-
10840098-772.02-1402 sayil1 ve 189 karar numarasi ile onaylan-
mustir.

Veri erisilebilirligi: Yazarlarin veri paylagsma izni yoktur.

Finansal destek: -
TesekKkiir: -

Aciklama: -

Kaynaklar

Aliasghari, F., Nazm, S.A., Yasari, S., Mahdavi, R., Bon-
yadi, M. (2021). Associations of the ANKKI1 and DRD2
gene polymorphisms with overweight, obesity and hedonic
hunger among women from the Northwest of Iran. Eating
Weight Disorders, 26, 305-312.
https://doi.org/10.1007/s40519-020-00851-5

American Psychiatric Association. (2013). Diagnostic and
statistical manual of mental disorders (5th ed.).
https://doi.org/10.1176/appi.books.9780890425596



https://doi.org/10.1007/s40519-020-00851-5
https://doi.org/10.1176/appi.books.9780890425596

Research Article

Food Health 9(4), 313-322 (2023) e https://doi.org/10.3153/FH23028

Ayyildiz, F., Ulker, 1., Yildiran, H. (2021). Hedonik aglik
ve yeme davranisi iligkisinin farkli beden kiitlelerine yansi-
mast. Beslenme ve Diyet Dergisi, 49(2), 9-17.
https://doi.org/10.33076/2021.BDD.1465

Baenas, 1., Miranda-Olivos, R., Solé-Morata, N., Jiménez-
Murcia, S., Fernandez-Aranda, F. (2023). Neuroendocri-
nological factors in binge eating disorder: A narrative review.
Psychoneuroendocrinology,150, 106030.
https://doi.org/10.1016/j.psyneuen.2023.106030

Boswell, R.G., Potenza, M.N., Grilo, C.M. (2021). The ne-
urobiology of binge-eating disorder compared with obesity:
implications for differential therapeutics. Clinical Therapeu-
tics, 43(1), 50-69.
https://doi.org/10.1016/j.clinthera.2020.10.014

Burger, K.S., Sanders, A.J., Gilbert, J.R. (2016). Hedonic
hunger is related to increased neural and perceptual responses
to cues of palatable food and motivation to consume: evi-
dence from 3 independent investigations. Journal of Nutri-
tion,146(9), 1807-1812.
https://doi.org/10.3945/jn.116.231431

Cappelleri, J.C., Bushmakin, A.G., Gerber, R.A., Leidy,
N.K., Sexton, C.C., Karlsson, J., et al. (2009). Evaluating
the Power of Food Scale in obese subjects and a general
sample of individuals: development and measurement pro-
perties. International Journal of Obesity (Lond), 33(8), 913-
922.

https://doi.org/10.1038/ij0.2009.107

Cena, H., Calder, P.C. (2020). Defining a healthy diet: evi-
dence for the role of contemporary dietary patterns in health
and disease. Nutrients, 12(2), 334.
https://doi.org/10.3390/nu12020334

Compare, A., Tasca, G.A. (2016). The rate and shape of
change in binge eating episodes and weight: an effectiveness
trial of emotionally focused group therapy for binge-eating
disorder. Clinical Psychology & Psychotherapy, 23(1), 24-
34.

https://doi.org/10.1002/cpp.1932

Geliebter, A., Ochner, C.N., Aviram-Friedman, R. (2008).
Appetite-related gut peptides in obesity and binge eating di-
sorder. American Journal of Lifestyle Medicine, 2(4), 305-
314.

https://doi.org/10.1177/1559827608317358

Gissoni, N.B., dos Santos Quaresma, M.V.L. (2020). Short
sleep duration and foodintake: an overview and analysis of
the influence of the homeostatic and hedonic system. Nutrire,
45(1), 1-8.

https://doi.org/10.1186/s41110-019-0111-8

Henderson, M., Freeman, C.P. (1987). A self-rating scale
for bulimia. The 'BITE'. British Journal of Psychiatry, 150,
18-24.

https://doi.org/10.1192/bjp.150.1.18

Horwath, C.C., Hagmann, D., Hartmann, C. (2020). The
power of food: Self-control moderates the association of he-
donic hunger with overeating, snacking frequency and pala-
table food intake. Eating Behaviors, 38, 101393.
https://doi.org/10.1016/j.eatbeh.2020.101393

Kaur, K., Jensen, C.D. (2022). Does hedonic hunger predict
eating behavior and body mass in adolescents with overwe-
ight or obesity? Children's Health Care, 51(2), 184-198.
https://doi.org/10.1080/02739615.2021.1983435

Lutter, M., Nestler, E.J. (2009). Homeostatic and hedonic
signals interact in the regulation of food intake. Journal of
Nutrition, 139(3), 629-632.
https://doi.org/10.3945/jn.108.097618

Manasse, S.M., Espel, H.M., Forman, E.M., Ruocco, A.C.,
Juarascio, A.S., Butryn, M.L., et al. (2015). The indepen-
dent and interacting effects of hedonic hunger and executive
function on binge eating. Appetite, 89, 16-21.
https://doi.org/10.1016/j.appet.2015.01.013

Mancuso, C., Izquierdo, A., Slattery, M., Becker, K.R.,
Plessow, F., Thomas, J.J., Eddy, K.T. et al. (2020). Chan-
ges in appetite-regulating hormones following food intake are
associated with changes in reported appetite and a measure of
hedonic eating in girls and young women with anorexia ner-
vosa. Psychoneuroendocrinology, 113, 104556.

https://doi.org/10.1016/j.psyneuen.2019.104556

Marshall, A.L., Smith, B.J., Bauman, A.E., Kaur, S.
(2005). Reliability and validity of a brief physical activity as-
sessment for use by family doctors. British Journal of Sports
Medicine, 39(5), 294-297.
https://doi.org/10.1136/bjsm.2004.013771

Mason, T.B., Dunton, G.F., Gearhardt, A.N., Leventhal,
A.M. (2020). Emotional disorder symptoms, anhedonia, and

321


https://doi.org/10.33076/2021.BDD.1465
https://doi.org/10.1016/j.psyneuen.2023.106030
https://doi.org/10.1016/j.clinthera.2020.10.014
https://doi.org/10.3945/jn.116.231431
https://doi.org/10.1038/ijo.2009.107
https://doi.org/10.3390/nu12020334
https://doi.org/10.1002/cpp.1932
https://doi.org/10.1177/1559827608317358
https://doi.org/10.1186/s41110-019-0111-8
https://doi.org/10.1192/bjp.150.1.18
https://doi.org/10.1016/j.eatbeh.2020.101393
https://doi.org/10.1080/02739615.2021.1983435
https://doi.org/10.3945/jn.108.097618
https://doi.org/10.1016/j.appet.2015.01.013
https://doi.org/10.1016/j.psyneuen.2019.104556
https://doi.org/10.1136/bjsm.2004.013771

322

Food Health 9(4), 313-322 (2023) e https://doi.org/10.3153/FH23028

negative urgency as predictors of hedonic hunger in adoles-
cents. Eating Behaviors, 36, 101343,
https://doi.org/10.1016/j.eatbeh.2019.101343

Mead, B.R., Boyland, E.J., Christiansen, P., Halford,
J.C.G., Jebb, S.A., Ahern, A.L. (2021). Associations
between hedonic hunger and BMI during a two-year behavi-
oural weight loss trial. PLoS ONE, 16(6), €0252110.
https://doi.org/10.1371/journal.pone.0252110

Parker, M.N., Wilkinson, M.L., Hunt, R.A., Ortiz, A.,
Manasse, S.M., Juarascio, A.S. (2022). Eating expectancies
and hedonic hunger among individuals with bulimia-spect-
rum eating disorders who plan binge-eating episodes. Inter-
national Journal of Eating Disorders, 55(1), 120-124.
https://doi.org/10.1002/eat.23628

Ribeiro, G., Camacho, M., Santos, O., Pontes, C., Torres,
S., Oliveira-Maia, A.J. (2018). Association between hedo-
nic hunger and body-mass index versus obesity status. Scien-
tific Reports, 8(1), 5857.
https://doi.org/10.1038/s41598-018-23988-x

Santoso, 1., Wijana, S., Ismawati, A., Sunarharum, W.B.
(2019). Relationship between hedonic hunger and health 1n-
terest on habit and sodium intake patterns in food consump-
tion. International Journal of Food Science, 2019, 9517140.
Singh, M. (2014). Mood, food, and obesity. Frontiers in
Psychology, 5, 925.

https://doi.org/10.1155/2019/9517140

Singh, M. (2014). Mood, food, and obesity. Frontiers in Psyc-
hology, 5, 925.
https://doi.org/10.3389/fpsyg.2014.00925

Smethers, A.D., Rolls, B.J. (2018). Dictary management of
obesity: cornerstones of healthy eating patterns. The Medical
Clinics of North America, 102(1), 107-124.
https://doi.org/10.1016/j.mcna.2017.08.009

Research Article

Sarahman, C., Akcil Ok, M. (2019). Eriskin bireylerin he-
donik ag¢lik durumlari ile asir1 besin istegi, diirtiisellik ve ben-
lik saygis1 durumlari arasindaki iligskinin incelenmesi. Gele-
neksel ve Tamamlayict Tip Dergisi, 2(2), 71-82.
https://doi.org/10.5336/jtracom.2019-66520

Tas, F., Gezer, C. (2022). The relationship of hedonic hun-
ger with food addiction and obesity in university students.
Eating and Weight Disorders, 27(7), 2835-2843.
https://doi.org/10.1007/s40519-022-01436-0

Witt, A.A., Lowe, M.R. (2014). Hedonic hunger and binge
eating among women with eating disorders. International Jo-
urnal of Eating Disorders, 47(3), 273-280.
https://doi.org/10.1002/eat.22171

World Health Organization (WHO) Global Database for
Body Mass Index. The international classification of adult
underweight, overweight and obesity according to BMIL
Web: https://www.who.int/data/gho/data/themes/topics/topic-
details/GHO/body-mass-index?introPage=intro_3.html
(accessed: 28.02.2023)

Yang, Y., Conti, J., McMaster, C.M., Hay, P. (2021). Be-
yond refeeding: the effect of including a dietitian in eating
disorder treatment. A systematic review. Nutrients, 13(12),
4490.

https://doi.org/10.3390/nul13124490

Yousefi, R., Panahi Moghaddam, S.A., Salahi, H., Woods,
R., Abolhasani, M., Eini-Zinab, H., et al. (2022). Food ad-
diction and binge eating disorder in relation to dietary pat-
terns and anthropometric measurements: a descriptive-analy-
tic cross-sectional study in Iranian adults with obesity (pub-
lished online ahead of print, 2022 Aug 17). Behavioral Medi-
cine, 1-10.

https://doi.org/10.1080/08964289.2022.2092442



https://doi.org/10.1016/j.eatbeh.2019.101343
https://doi.org/10.1371/journal.pone.0252110
https://doi.org/10.1002/eat.23628
https://doi.org/10.1038/s41598-018-23988-x
https://doi.org/10.1155/2019/9517140
https://doi.org/10.3389/fpsyg.2014.00925
https://doi.org/10.1016/j.mcna.2017.08.009
https://doi.org/10.5336/jtracom.2019-66520
https://doi.org/10.1007/s40519-022-01436-0
https://doi.org/10.1002/eat.22171
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/body-mass-index?introPage=intro_3.html
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/body-mass-index?introPage=intro_3.html
https://doi.org/10.3390/nu13124490
https://doi.org/10.1080/08964289.2022.2092442

FOOD

and

HEALTH

Food Health 9(4), 323-330 (2023) e https://doi.org/10.3153/FH23029

ProteinCarbohydrate
Vegetables A E

las
biol

HEALTH
E-ISSN 2602-2834

Sugar
pOil
icrol

Control Spoi
DieteticM

mega-6Shelflife 3325
BreadStorage =

Research Article

Microbiological quality of some fresh wild edible mushrooms

Nilgiin ONCUL!, Mehtap CIFTCI?

Cite this article as:

Onciil, N., Ciftci, M. (2023). Microbiological quality of some wild edible mushrooms. Food and Health, 9(4), 323-330.

https://doi.org/10.3153/FH23029

' Mugla Sitki Kogman University,
Faculty of Fethiye Health Sciences,
Department of Nutrition and Dietetics,
Fethiye, Mugla, Tiirkiye

> Mugla Sitk1 Kogman University,
Enstitute of Health Sciences,
Department of Nutrition and Dietetics,
Mugla, Tirkiye

ORCID IDs of the authors:
N.0O. 0000-0002-2865-7958
M.C. 0000-0003-1669-8717

Submitted: 17.06.2023

Revision requested: 01.08.2023
Last revision received: 03.08.2023
Accepted: 08.08.2023

Published online: 30.09.2023

Correspondence:

Nilgiin ONCUL

E-mail: nilgunoncul@hotmail.com
nilgunoncul@mu.edu.tr

(OO

© 2023 The Author(s)

Available online at
http://jths.scientificwebjournals.com

ABSTRACT

Fresh mushrooms are an ideal medium for microbial growth because they have high moisture
content and a neutral pH. Mushrooms are hand-harvested and exposed to ambient conditions until
commercialised in many cases. These characteristics limit their post-harvest shelf life to a few
days. Unlike other fresh products, the studies on the microbiological profile of fresh mushrooms
are limited. In public, Lactarius species are known as "¢intar, melki, kanlica, termite, menne spe-
cifically used in Tiirkiye. These mushrooms usually grow naturally during the autumn. They are
collected by locals and sold in public markets and along the roadside. In this study, the microbio-
logical quality of wild edible Lactarius species sold in local marketplaces in the province of Mugla
was determined. The results are in the ranges 6.10-8.83 log CFU/g for total mesophilic aerobic
bacteria, <1.00-5.57 log CFU/g for lactic acid bacteria, 3.10-7.76 log CFU/g for total yeast, <1.00-
3.93 log CFU/g for total mould, <1.00-4.74 log CFU/g for Staphylococcus aureus, <0.30-5.07 log
MPN/g for total coliform and <0.30-5.07 log MPN/g for faecal coliform. The samples' pH and
titratable acidity values were 6.82-7.54 and 0.005-0.020%, respectively.

Keywords: Cintar, Lactarius, Wild mushroom, Microbiological quality, Food safety
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Introduction

Macrofungi are used as food as well as medicine in many
countries. Macrofungi can be an essential food source for the
rapidly increasing world population (Diilger et al., 1999). Be-
sides having a role as food, macrofungi are also a source of
income. They are collected, consumed and sold in over 85
countries (Boa, 2004).

Macrofungi can be divided into three groups: edible, inedible
and poisonous. Edible mushrooms are collected from nature
by people. People have learned which mushrooms are edible
from their ancestors or by asking each other (Karasiley-
manoglu, 2014).

Tiirkiye has a rich edible mushroom flora due to its phytoge-
ographic location. The richness of the mushrooms, which
usually appear in spring and autumn, is undoubtedly due to
the suitability of ecological conditions. Although Tiirkiye is
rich in edible mushroom species, our people do not know
enough about them. It is reported that only 3-5 mushroom
species are recognised and consumed as food by the local
people (Karasiileymanoglu, 2014; Altuntas et al., 2016; Cinar
Yilmaz and Isiloglu, 2016). Some mushroom species, which
are well known and eaten in some regions of our country, are
not known in other regions and are sometimes considered
poisonous. Many types of mushrooms are exported from Tiir-
kiye as fresh, chilled, frozen, in brine or dried. Lactarius de-
liciosus (L.) Gray, Craterellus cornucopioides (L.) Pers, Am-
anita caesarea (Scop.) Pers, Hydnum repandum L., and Can-
tharellus cibarius Fr. are some exported species (Erdogan et
al., 2017). Lactarius species are known as c¢intar, melki,
kanlica, and termit consumed in many regions of Tiirkiye
(Adanacioglu et al., 2017). They have a very high market
share. They are known as "Citar" in the Mugla region and
are consumed by the locals. These mushrooms usually grow
naturally in autumn and are common in pine and oak forests.
Local people are collecting these mushrooms and sell them in
public markets in Tiirkiye (All1 et al., 2006; Peksen et al.,
2007; Yilmaz and Bengii, 2018; Alli, 2022).

Mushrooms are distributed worldwide, and their consump-
tion has increased in recent years due to their nutritional value
and organoleptic attributes (Ergontl et al., 2018; Avci and
Avci, 2019). Mushrooms are characterised as valuable nutri-
ents due to their content of fatty acids, vitamins, fibres, car-
bohydrates, proteins and minerals (Y1lmaz and Bengii, 2018).
Because of these nutritional contents, mushrooms are essen-
tial to consumers. Other factors such as free sugars, free
amino acids, organic acids, flavour 5'-nucleotides, and vola-
tile flavour compounds significantly affect taste and flavour.
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For these reasons, mushrooms have been a popular food in-
gredient and flavour for centuries. Today, several cultivated
mushroom types can be found easily in the markets. How-
ever, wild mushrooms are preferred by consumers for their
unique flavour, even if it is difficult to collect them (Xu et al.,
2019).

Although it varies according to the place of growth and the
type of mushroom, on average, 90% of the mushroom is wa-
ter, 16-85% of dry weight is carbohydrates, 0.2-8.7% is li-
pids, 14-44% is proteins, 1-29% is ash. The amount of protein
contained in mushrooms, which is classified as the most im-
portant protein source in developing world countries, is
higher than most vegetables (Karasiileymanoglu, 2014;
Yilmaz and Bengii, 2018).

From a nutritional point of view, fresh mushrooms have high
water content and neutral pH values. So microorganisms can
quickly grow and thereby decrease the shelf life of fresh
mushrooms to a few days. Similarly, the way of harvesting,
handling and storage can affect microbiological growth. Ul-
timately, quality parameters like texture, colour, etc. are af-
fected. These factors promote the growth of microorganisms,
which leads to quality degradation and spoilage of fresh
mushrooms (Chikthimmah and Beelman, 2006; Ergoniil et
al., 2018).

To our knowledge, limited scientific information is reported
on the microbiological properties of wild edible mushrooms.
This study aimed to assess the microbial hygienic quality of
fresh wild edible mushrooms sold in Mugla province and
evaluate the results in the context of public health. This data
can contribute to evaluating the microbiological qualities of
fresh mushrooms as highly appreciated food.

Materials and Methods

Materials

Fresh wild edible mushroom samples were used as test mate-
rial in this study. Samples were purchased from ten different
sellers in the Fethiye region of Mugla/Tiirkiye local market.
All the samples were transferred to the laboratory in an ice-
box within the original packages. The local people don’t wash
these fresh mushrooms with tap water before cooking. So, the
wild edible mushrooms weren’t washed to represent the con-
sumer habit in this study. The samples were analysed a few
hours after purchasing, and all analyses were performed in
two replications with two parallels. This study analysed
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twenty samples to detect some physicochemical and microbi-
ological properties.

Methods
Physicochemical Analyses

Mushroom samples were tested for pH and titratable acidity
(anhydrous citric acid, %) to detect the physicochemical
properties. These analyses were used to support the results of
microbiological values.

Titratable Acidity (TA): A 10 g sample was weighed and
mixed with 100 mL distilled water for homogenisation. Then,
it was filtered with Whatman No. 4. 25 mL of filtered samples
were taken into Erlenmeyer and phenolphthalein (Tekkim,
TK.930094.00102, Tiirkiye) was added as an indicator. This
filtrate was titrated with 0.01N sodium hydroxide (NaOH,
Tekkim, TK.170511.01002, Tiirkiye). Accordingly, titratable
acidity was calculated as anhydrous citric acid % (AOAC,
1995).

pH: pH meter (Mettler Toledo, Five easy plus FP20, China)
was calibrated with two buffer solutions (pH:4.01, Mettler
Toledo, 51302069, Switzerland; pH:7, Mettler Toledo,
51302047, Switzerland) before reading. Then, the pH meter
detected the pH values of homogenised samples as described
for titratable acidity (AOAC, 1995).

Microbiological Analyses

The microbiological analyses were designed to determine the
microbiological quality of mushroom samples. A 25 g sample
was weighed into the stomacher bag and then homogenised
with 225 mL peptone water (0.1%) (Oxoid, LP0037, UK) by
a stomacher (Isolab, 608.01.002 Germany) for 3 min. Deci-
mal dilutions were prepared (1:10) with sterile peptone water
for the enumeration of total mesophilic aerobic bacteria
(TMAB), lactic acid bacteria (LAB), total yeast, total mould,
Staphylococcus aureus, total coliform, and faecal coliform.
In addition, the presence of Escherichia coli was investigated
in all samples.

Total Count of Mesophilic Aerobic Bacteria (TMAB): Nutri-
ent agar (NA, Biolife, 4018102, Italia) was used as a medium.
The aliquots of 0.1 mL dilution were transferred into Petri
dishes, and the spread plate method was performed. The Petri
dishes were incubated at 30°C (Daihan Scientific, Thermo-
Stable 1G-105, Korea) for 2448 h (FDA-BAM online,
2020a).

Enumeration of Yeasts and Molds: Serially diluted samples
were surface plated on Potato Dextrose Agar (PDA, Biolife,
4019352, Italia). After the autoclave, PDA was aseptically
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acidified with 10% tartaric acid (Carlo Erba, 41127, France).
The Petri dishes were incubated at 25 °C for 5 days (FDA-
BAM online, 2017).

Enumeration of Lactic Acid Bacteria (LAB): The viable cell
number of lactic acid bacteria was performed on de Man,
Rogosa and Sharpe Agar (MRSA, Biolife, 401728S2, Italia)
at 30°C for 24-48 h (ISO 15214, 1998).

Enumeration of Staphylococcus aureus: Baird Parker Agar
(BPA, Biolife, 4011162, Italia) was used. After autoclave,
50% egg yolk (Merck, 1.03784.0001, UK) was added into the
cooling medium at 50 °C. 3.5% tellurite (Aldrich, P0677-
25@G, Japan) was sterilised by a membrane filter and put in the
medium. The Petri dishes were incubated at 37 °C for 24-48
hours (FDA-BAM online, 2019).

Enumeration of Total Coliform and Faecal Coliform, Detec-
tion of E. coli: Total coliform and faecal coliform were de-
tected by the most probable number (MPN) technique. 1 mL
of aliquots of serial dilution were inoculated into three tubes
containing Lauryl Sulphate Tryptose Broth (LSTB, Merck,
1.10266.0500, Germany). LSTB tubes were incubated at 37
°C for 24-48 h. After incubation of gas positive tubes were
determined. A loopful of suspension from each gassing LSTB
tube was transferred to Brilliant Green Bile Broth (BGLB,
Merck, 1.05454.0500, Germany) and Escherichia coli Broth
(ECB, Biolife, 4014252, Italia). BGBB and ECB were incu-
bated at 37 °C for 2448 h and 45 °C for 2448 h, respec-
tively. Then, BGBB and ECB tubes were controlled for gas
production. Confirmed coliform and faecal coliform were in-
dicated in BGBB and ECB medium. The detection of E. coli
was examined on Eosin Methylene Blue Agar (EMBA,
Merck, 1.01347.0500, Germany) from the gas-positive ECB
tubes. Typical colonies were confirmed by IMViC tests
(FDA-BAM online, 2020b).

Statistical Analyses

All experiments had two replicates and two parallels (n=4).
All statistical analyses were performed with the SPSS statis-
tical package program (IBM SPSS Statistics Version 22;
USA) by ANOVA variance analysis. The significance levels
of P <0.05 were used for statistical differences. Duncan Tests
established the significant difference between the means.

Results and Discussion

Physico-chemical properties such as titratable acidity and pH
were determined to evaluate the results of microbiological
tests, as shown in Table 1. The results of titratable acidity
analyses ranged from 0.005-0.020% (anhydrous citric acid
%). The highest titratable acidity was shown in sample 9.
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Sample 9 was significantly different (P<0.05). The samples'
lowest and highest pH values were 6.82 and 7.54. The pH
values of the mushroom were similar (P>0.05). The pH val-
ues correlated with the titratable acidity values. The food has
been classified depending on the pH value. Low-acid foods
have a pH greater than 5.7, meaning they contain low
amounts of acid (Temiz, 1999). The average value of the pH
was 7.18 for mushroom samples. So, the mushroom samples
can be considered as low-acid foods.

Table 1. Physico-chemical properties of wild edible mush-
room*

Titratable acidity (TA)

Sample PH (anhydrous citric acid %)

1 7.08 £0.012bcde 0.008 +£0.001
2 6.96 +£0.282 0.006 +£0.003?
3 6.97 +£0.20°0° 0.009 +0.000%
4 7.28 £0.06%fen 0.009 +0.000%
5 7.33 £0.01°" 0.009 +0.001%
6 7.23 £0.08°¢fe 0.008 £0.002
7 7.34 £0.01°" 0.005 +0.0012
8 7.39+0.130 0.007 +0.001?
9 6.82 +0.24 0.020 +0.006¢
10 7.19 +0.1 1bedefe 0.009 +0.0022°
11 7.02 £0.03%¢ 0.007 +£0.0012
12 7.15 +0.00Pedef 0.008 +0.0002°
13 7.01 £0.04%b¢ 0.012 £0.001¢<
14 6.97 +0.022b¢ 0.013 +0.001¢
15 7.54 +£0.01" 0.005 +0.0012
16 7.12 +0.10bcde 0.008 +0.0002°
17 7.44 +0.048 0.005 +0.0008
18 7.44 +0.08¢" 0.006 +0.000?
19 7.11 £0.01bcde 0.014 +0.001¢
20 7.19 +0.09bedefe 0.008 +0.0012°

*n=4, (x standard deviation), Significant difference was detected

between the values in the column (p<0.05).

It has been established that most microorganisms grow best
at pH values around 7.0 (6.6-7.5) (Jay, 2000). The results of
titratable acidity and pH of the samples are very favourable
for the growth of numerous microbial species can be expected
(Roberts et al., 2005). The analyses of TMAB, LAB, total
yeast, total mould, S. aureus, total coliform, faecal coliform,
and E. coli were performed to determine the initial microflora
of mushroom samples.
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Ordinary healthy mushrooms have high bacterial popula-
tions. The results of enumeration of TMAB ranged between
4.13 and 8.83 log CFU/g (Table 2). Similarly, total bacterial
numbers ranged from 6.3 to 7.2 log CFU/g of fresh mush-
room tissue, as demonstrated by Chikthimmah and Beelman,
2006. According to Venturini et al. (2011), TMAB counts of
wild edible mushrooms from Spain were between 4.4 log
CFU/g and 9.4 log CFU/g. TMAB values were presented be-
tween 6.8 and 9.2 log CFU/g for eight wild edible mushrooms
from Tiirkiye (Ergoniil et al., 2018). Three cultivated mush-
room species were analysed, and their mesophilic aerobic
counts were expressed as 4.87, 5.00, and 7.92 log CFU/g
(Reyes et al., 2004).

LAB was present in relatively low numbers compared to the
TMAB, with <1.00- 5.57 log CFU/g range results. The high-
est enumeration of LAB was determined in sample 3, and the
lowest one was in sample 2 and sample 12 (Table 2). LAB
counts of mushroom samples were investigated between 1.4
and 2.4 log CFU/g (Ergoniil et al., 2018). The mean value of
LAB was reported as 2.1 log CFU/g by Venturini et al.
(2011). The average result of this study was higher. It came
out as 3.70 log CFU/g. In another study, Lactobacillus sp. and
Pediococcus sp. were isolated from fresh mushrooms. How-
ever, the enumeration was not declared (Halami et al., 1999).

S. aureus produces a staphylococcal enterotoxin that is ex-
tremely thermotolerant, which means it can survive the cook-
ing process (Grispoldi et al., 2021). Detectable enumeration
of S. aureus cells was not observed in most mushroom sam-
ples except sample 11 (Table 2). No significant differences
(P>0.05) were detected in the samples (except sample 11).
Venturini et al. (2011) and Ergonil et al. (2018) stated that S.
aureus was not isolated in any of the samples examined.

Mushrooms also contain significant levels of yeasts and
moulds. The count of yeast was established to be between
3.10 log CFU/g and 7.76 log CFU/g. The mould values of
fresh mushrooms were determined as <1.00 and 3.93 log
CFU/g (Table 2). Chikthimmah and Beelman (2006) showed
that freshly harvested mushroom samples had approximately
3 log CFU of moulds and 6 log CFU of yeast per gram. Alt-
hough the yeast population increased to 6.9 log CFU/g,
mould counts were stable after 6 days of storage at 4°C. The
total count of yeast and mould samples was higher than the
previous study of Ergoniil et al. (2018), who determined it to
be between 1.9 and 3.3 log CFU/g. The yeast and mould re-
sults of mushroom samples determined by Venturini et al.
(2011) were also lower than those indicated in the present
study.
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Table 2. Microbiological properties of wild edible mushroom

Total Count Total Count

TMAB LAB S. aureus Total Coliform Faecal Coliform

Sample log CFU/g log CFU/g log CFU/g l(()); ‘C(Iejg/tg 100; ?;S:g log MPN/g log MPN/g
1 8.55+0.179¢  3.31+0.05° <1.00+0.00* 5.17 +£0.19% 3.93 £0.13" 3.90 £0.39° 3.90 +0.39¢
2 7.50 £0.09*¢  <1.00£0.00* <1.00+£0.00* 3.40+£0.22%  3.52 +£0.11¢°% <0.30 £0.00? <0.30 £0.00?
3 6.10 £0.06* 5.57+0.11" <1.00+0.00*  3.10 +0.14* 3.18 £0.10% 2.80 +£0.24¢ <0.30 +0.00?
4 7.96 £0.04%% 4,67 £0.22°%  <1.00 £0.00°  4.60 £0.24%" 3,36 £0.]12°dt 2.20 £0.23% 1.76 £0.29°
5 8.01 £0.24°® 444 £0.15°" <1.00+0.00° 3.61 £0.42% 3,15 +0.14* <0.30 +0.00? <0.30 +0.00?
6 7.22 £0.27° 5.22£0.05"  <1.00+0.00* 4.02 £0.60°¢  <1.00 £0.00? 3.07 £0.15% 1.56 £0.00°
7 7.29 £0.28*  3.49+0.07° <1.00+0.00®° 3.40 £0.17®®  3.29 £0.14° <0.30 +0.00? <0.30 +0.00?
8 8.83£0.32F  4.75+0.24%  <1.00£0.00*  5.45 +0.042 3.23 +£0.11% 1.96 +£0.00* 1.76 £0.29°
9 8.15+0.16%" 391 +0.11° <1.00+0.00° 4.75+0.18  3.73 £0.10" 2.80 £0.24¢ <0.30 +0.00?
10 7.89 £0.13°F  <1.00 £0.00* <1.00£0.00*  7.23 £0.17"  3.33 +£0.17°% 2.20 £0.23% 1.76 £0.29°
11 8.31 £0.028" 4,97 £0.43% 474035 4.57 £0.38%" 3,60 +0.15% 5.07 £1.26# 5.07 £1.26¢
12 8.78 £0.01  <1.00£0.00* <1.00+0.00° 3.52+0.19% 3.35+0.08%f  <0.30 £0.00? <0.30 +0.00?
13 7.38 £0.01%¢  3.41£0.09* <1.00+0.00*  3.12 +0.06 3.02 £0.08° 2.20 £0.23%¢ <0.30 +0.00?
14 8.30+0.132"  4.43+0.13°" <1.00+0.00° 4.19 £0.41°%  3.22 +0.06" 2.20 £0.23% 1.76 £0.29°
15 7.69 £0.15% 4,10 £0.09% <1.00 £0.00*° 4.10£0.53%%¢  <1.00 £0.00? 3.07 £0.15% <0.30 £0.00°
16 4.13 £0.22°% 4,73 £0.05°®  <1.00 £0.00* 4.54 £0.41%" 326 +0.15> 2.50 £0.19°¢ <0.30 +0.00?
17 7.37 £0.20%¢ 4,07 £0.11¢  <1.00£0.00* 4.32£0.21%  3.34 £0.02°% 2.20 £0.23%¢ 1.56 £0.00°
18 8.07 £0.07%"  4.48 £0.04°" <1.00+0.00° 5.58 £0.08%  3.47 £0.07%f 3.07 £0.15% 2.00 £0.06°
19 8.25£0.09%" 439 +0.08% <1.00+0.00° 4.36+0.21%  3.53 £0.05° 3.80 £0.24°f <0.30 +0.00?
20 8.43 +£0.09"  4.10+0.07°¢ <1.00+0.00° 7.76 £0.34"  <1.00 £0.00? 2.00 £0.06 <0.30 +0.00?

n=4, (£ standard deviation), Significant difference was detected between the values in the column (p<0.05).

Since coliform bacteria are common in both the intestines and
nature (soil, plants, etc.), they are considered indicators of
sanitation in the food industry. High levels of coliform mi-
croorganisms in food indicate that the required hygienic
measures have not been taken during or after harvesting, stor-
age, and sale (Frazier and Westhoff, 1988; Jay, 2000). Total
coliform counts of the samples were obtained between 0.30
and 5.07 log MPN/g (Table 2). 80% of the mushroom sam-
ples were harbouring total coliform. "Faecal coliform" within
the coliform group, located in the natural flora of the intestine
system of humans and warm-blooded animals, is considered
an indicator of faecal contamination. It is known that most
bacteria identified as faecal coliforms in the coliform group
are E. coli. The presence of E. coli and/or faecal coliform bac-
teria in any sample implies that the sample is directly or indi-
rectly contaminated with faeces and may contain other intes-
tinal pathogens. For this reason, E. coli and faecal coliforms
are not allowed in any foodstuff, drinking, and/or utility water
(Khan and Gupta, 2020; Schalli et al., 2022). The faecal col-
iform was found in 45% of the tested samples. Faecal coli-
forms were not detected in samples 2, 3, 5, 7, 9, 12, 13, 15,

16, 19 and 20 (Table 2). The highest results were in sample
11 for both total and faecal coliform. Similarly, eight wild
edible mushrooms were tested for total coliform and men-
tioned 0.3-1.4 log CFU/g in four samples (50%) (Ergoniil et
al., 2018). In another study, coliform bacteria were detected
in 23.4% of the tested mushroom samples (Venturini et al.,
2011). Based on confirmation and identification tests, £. coli
Biotype I was found in 35% of the tested samples (1, 4, 6, 8,
11, 17, and 18) and Enterobacter aerogenes in only one sam-
ple (sample 10). The environment of mushrooms, especially
those grown in natural ecosystems, makes them vulnerable to
pathogens since this can be excreted in the faeces of animals
and insects and transmitted to the ascocarps.

Conclusion

Unlike fruits and vegetables (whole or minimally processed),
information on the microbial quality of fresh mushrooms is
minimal, especially for commercial wild mushroom samples.
As in other studies, the fresh mushroom species tested in this
study were characterised by a high microbial load. Fresh
mushrooms favour growing microorganisms due to their high
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moisture character with carbohydrates, protein, vitamins, and
minerals. From the standpoint of nutrients, fresh mushrooms
are capable of causing quality degradation and spoilage.

Soil, water, air, insects, and animals impact the microbial
flora of fresh mushrooms. The high count of bacteria dimin-
ishes microbial quality. The initial microbial load can affect
the deterioration during postharvest. Picked fresh wild edible
mushrooms may be placed into bags, boxes, or crates without
washing. When harvesting, personal hygiene must be prac-
tised by pickers to prevent the transfer of human pathogens.
Notably, pathogens such as faecal coliform and E. coli in
mushrooms indicate that proper hygiene and sanitation rules
weren’t followed during picking, transportation, retailing and
storage. Mushrooms can be contaminated with these micro-
organisms in nature, too. During storage, the fingers and
shoes of people handling the mushrooms, their baskets, and
knives can contaminate them. So, in general, the microbio-
logical quality of the mushrooms sold in Mugla province is
poor and threatens human health. The determination of yeast
and mould, the presence of mycotoxin, and other existence of
enteropathogens will be investigated in further studies.
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0z

Akrilamid, 6zellikle 1s1l islem uygulanan iiriinlerde olusan ve insan saglig1 tizerindeki olumsuz etkileri kanitlanmis
olan toksik bir Maillard reaksiyonu iiriiniidiir. Ozellikle firmcilik iiriinleri 1s11 islem uygulanarak iiretildiklerinden
akrilamid olusumu yoniinden risk teskil etmektedir. Giinliik diyette yaygin olarak tiiketilen firmcilik tiriinlerinde
akrilamid miktarinin tespit edilmesi toplum sagligi agisindan biiyiik 6nem tagimaktadir. Calismanin amaci iilkemiz
piyasasinda satisa sunulmus olan bazi kakaolu keklerde akrilamid miktarinin incelenmesidir. Caligmada Aydin
ilinde yer alan zincir marketlerde ve pastanelerde ambalajli ve ambalajsiz sekilde satisa sunulmus olan kakaolu
kekler akrilamid miktarlar1 yéniinden incelenmislerdir. Orneklerin ayrica bazi temel bilesim dzellikleri belirlenmis-
tir. Akrilamid miktarinin kromatografik analizi, ekstraksiyon igleminin ardindan, yiiksek performansli sivi kroma-
tografisi ile gerceklestirilmistir. Calismada kakaolu kek 6rneklerinin akrilamid miktarlarinin 34.36-311.95 pg/kg
hangi bir korelasyon tespit edilmemistir (p>0.05). Genel olarak degerlendirildiginde ise pastanelerden alinan am-
balajsiz kek orneklerinin marketlerde satisa sunulan paketli kakaolu keklere gore daha yiiksek nemli, dis yiizeyle-
rinin daha sar1 renkte ve daha yiiksek akrilamid degerlerinin oldugu saptanmistir (p<0.05). Akrilamid maruziyetinin
saglik iizerine etkilerinin incelenmesi amaciyla ¢esitli bilimsel topluluklar ve yasal kuruluslar araciligiyla risk de-
gerlendirme ¢alismalart yapilmaktadir. Bu degerlendirmeler sonucunda toplumda bulunan genel veya 6zel bazi
gruplar igin riskli gidalar tespit edilmekte ve bu gidalar igin en uygun iiretim modelleri olusturulmakta ve toksik
maddelerin diizeyleri i¢in smirlandirmalar getirilerek maruziyet minimuma indirilmeye ¢aligilmaktadir. Calisma
sonuglarinin kakaolu keklerde akrilamid maruziyetini azaltma konusunda yol gosterici olacagi diisiiniilmektedir.

Anahtar Kelimeler: Akrilamid, Gida giivenligi, Kek, Kontaminant, Maillard reaksiyonu
ABSTRACT

Investigation of acrylamide hazard in cocoa cakes in terms of food safety

Acrylamide is a toxic Maillard reaction product that occurs primarily in heat-treated products and has proven ad-
verse effects on human health. Since bakery products are produced by applying heat treatment, they especially pose
a risk regarding acrylamide formation. For public health, it is essential to determine the amount of acrylamide in
bakery products that are widely consumed in the daily diet. The study aims to examine the amount of acrylamide in
some cocoa cakes offered for sale in our country. The cocoa cakes, which were sold as packaged and unpackaged
in chain markets and patisseries in Aydin province, were examined regarding acrylamide contents. Some significant
compositional properties of the samples were also determined. Chromatographic analysis of acrylamide, after ex-
traction, was carried out using high-performance liquid chromatography. The study determined that the acrylamide
amounts of the cocoa cake samples varied between 34.36-311.95 pg/kg. No correlation was found between the
colour values of the cocoa cake samples and their acrylamide content (»>0.05). Various scientific societies and legal
organisations conduct risk assessment studies to examine the health effects of acrylamide exposure. As a result of
these evaluations, risky foods are determined for some general or particular groups in society. The most appropriate
production models are created for these foods, and exposure is minimised by limiting the levels of toxic substances.
The study results will be a guide for reducing acrylamide exposure in cocoa cakes.

Keywords: Acrylamide, Cake, Contaminant, Food safety, Maillard reaction
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Giris

Akrilamid (C3HsNO, 2-propenamid), renksiz, ugucu olma-
yan, kat1 kristal bir yapiya sahip ve suda ¢6ziinebilen bir bile-
sendir. Molekil agirligi 71.08 kDa’dur (Ashoor vd., 1984;
Eriksson, 2005). Akrilamid, ticari olarak nitrilhidraz kullani-
larak akrilonitrilin hidrolizi ile iiretilmektedir. Monomer ve
polimer olmak iizere 2 ayr1 formda bulunmaktadir. Akrilamid,
1994 yilinda Uluslararas1 Kanser Arastirma Ajansi (IARC) ta-
rafindan insanlar iizerinde potansiyel karsinojen olarak nite-
lendirilmis ve deney hayvanlari tizerindeki karsinojen etkisin-
den dolayr Grup 2A olarak smiflandirilmistir. Bu smiflan-
dirma 2002 yilinda Diinya Saglik Orgiitii tarafindan da onay-
lanmistir (Krishnakumar ve Visvanathan, 2014). Insan diye-
tinde gilinliik akrilamid maruziyetinin kg viicut agirligi basina
0,3-0,8 ug oldugu belirtilmektedir (WHO, 2002).

Gidalarda akrilamid varlig1 ilk kez 2002 yilinda Isveg Ulusal
Gida Yonetimi (SNFA) birimi tarafindan bildirilmis ve genel-
likle patates, tahil ve firincilik tiriinlerinde 1s1l islem etkisi ile
olusan, 6nemli bir 1s1l islem kontaminanti olarak nitelendiril-
mistir. Akrilamid en ¢ok bitkisel kaynakli gidalar ile patates,
tahil ve firmcilik tiriinleri gibi nigasta igerigi yiiksek iiriinlerde
1s1l iglem etkisi ile olusmaktadir. Akrilamidin, kizartma iglemi
uygulanmamis ve pisirilmemis iirlinlerde tespit edilmedigi
bildirilmistir. Ayrica et ve balik gibi hayvansal kaynakli {iriin-
lerde de ¢ok diisilk miktarlarda bulundugu rapor edilmistir
(Krishnakumar ve Visvanathan, 2014). Gida kompozisyonu,
yiiksek sicaklik (120°C’den yiiksek), yiiksek karbonhidrat
miktari, serbest asparajin miktari, indirgen seker miktar1, pH,
su icerigi, amonyum bikarbonat miktar1 ve rekabet eden ami-
noasitlerin varligi gidalarda akrilamid miktarinin farkli olma-
sina neden olmaktadir (Matthdus vd., 2004; Taubert vd.,
2004; Elmore vd., 2005; Vinci vd., 2012).

Gidalarda akrilamid olusumuna neden olan temel metabolik
yol, Maillard reaksiyonunun bir parcasi olan serbest amino
asitlerle (asparajin vb.) indirgen sekerlerin (fruktoz vb.) reak-
siyonudur (Krishnakumar ve Visvanathan, 2014). Gidalarda
potansiyel akrilamid olusumu biiyiik 6l¢iide gidanin glikoz ve
fruktoz igerigine baghdir (Biedermann, 2002; Pedreschi vd.,
2006). Serbest asparaijn miktarinin ¢avdar ¢esitlerinde (Cur-
tis vd., 2010), cavdar ve bugday igeren pisirilmis un ve ha-
murlarda akrilamid olusumunu etkileyen temel etmen oldugu
bildirilmistir (Hamlet vd., 2008). Gidalarda akrilamid olusu-
munu saglayan farkli mekanizmalarin varligi literatiirde bil-
dirilmistir. Ortamda asparajin bulunmamast durumunda, li-
pitce zengin gidalarda akrolein ve amonyak akrilamid olusu-
muna neden olabilmektedir. Akrolein ve akrilik asit, lipitlerin
(trigliseritlerin) yiiksek sicaklikta degradasyonu sonucu olu-
san triinlerdir (Gertz ve Klostermann, 2002). Diger yandan
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glutamin, sistein ve aspartik asit gibi aminoasitlerin de diisiik
miktarlarda akrilamid olusturabildigi bildirilmistir (Ezeji vd.,
2003). Ancak bu mekanizma gidalarda akrilamid olusumu si-
rasinda yaygin goriilmemektedir (Krishnakumar ve Visvanat-
han, 2014).

Avrupa iilkelerinde akrilamid maruziyetinin %50’ sinin pata-
tes kaynakli, %20’sinin ise firincilik iiriinleri kaynakli oldugu
belirtilmektedir (Keramat vd., 2011). Firincilik {irlinlerinde;
gida matrisinin, ortamdaki prekiirsorlerin (serbest asparajin,
fruktoz, glikoz ve maltoz) ve uygulanan termal islemin tiirii
ve sliresine gore akrilamid miktar1 degisiklik gostermektedir.
Ortamdaki indirgen sekerlerin varligindan ¢ok, firincilik
iriinlerinde akrilamid icerigini etkileyen temel faktor aspara-
jin miktaridir (Mesias vd., 2022). Diger yandan gida matrisin-
deki diisiik nem miktar1 reaktantlarin ¢6ziiniirliiglinii azalt-
makta ve hareketlerini sinirlandirmakta, bu nedenle akrilamid
olusum reaksiyonunu da yavaglatmaktadir. Bu nedenle for-
miilasyon ve islem kosullarmin modifiye edilmesi son tiriinde
akrilamid miktarini1 6nemli 6l¢iide degistirmektedir. Sicaklik,
uygulanan 1s1 yogunlugu ve su aktivitesi gibi faktorler iiriinde
akrilamid miktarim1 dogrudan etkilemektedir (Sarion vd.,
2021).

Firmeilik iiriinleri yiiksek miktarlarda akrilamid icerebildik-
lerinden, toplum saglig1 igin risk olusturma potansiyelleri bu-
lunmaktadir. Ozellikle kek, biskiivi, kraker gibi iriinler ¢o-
cuklar tarafindan tiiketildiklerinden, bu iiriinler cocuklar igin
daha biiyiik risk olusturmaktadir. Yapilan ¢alismalarda ¢o-
cuklarin akrilamid maruziyetinin yetiskenlerden daha fazla
oldugu belirtilmektedir (Mojska vd., 2010; Boon vd., 2005;
Hilbig vd., 2004). Bu nedenle 6zellikle tiiketimi yaygin {iriin-
lerde akrilamid maruziyetinin tespit edilebilmesi ve gerekli
onlemlerin alinabilmesi amaciyla, bu iiriinlerde akrilamid
miktarinin hassas analiz teknikleriyle tespit edilmesi gerek-
mektedir. Calismanin amaci tilkemiz piyasasinda satiga sunul-
mus olan bazi kakaolu keklerin akrilamid miktarinin incelen-
mesidir. Calismada Aydin ilinde yer alan zincir marketlerde
ve pastanelerde ambalajli ve ambalajsiz sekilde satiga sunul-
mus olan kakaolu kekler akrilamid miktarlar1 yoniinden ince-
lenmiglerdir. Calismada analiz edilen {iriin grubu 6zellikle ¢o-
cuklar tarafindan tiiketildiginden ve ¢ocuklarda akrilamid ma-
ruziyeti yetiskenlere gore daha yiiksek oldugundan, elde edi-
len bulgularm akrilamid maruziyetini azaltma konusunda ya-
pilacak yeni ¢alismalar igin yol gosterici olabilecegi diisiiniil-
mektedir.
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Materyal ve Metot
Materyal

Akrilamid standardi, asetik asit (%100) ve hidroklorik asit
Merck’ten (Darmstadt, Almanya), sodyumhidroksit, tiyosali-
silik asit, metanol, asetonitril ve demir (II) asetat trihidrat
Sigma Aldrich’ten (Missouri, Amerika), etil asetat Isolab’tan
(Istanbul, Tiirkiye) temin edilmistir. Calismada kullanilan
ultra saf su ise Milli-Q su aritma sistemi (Millipore, Bedford,
Amerika) kullanilarak elde edilmistir.

Yontem

Kakaolu kek 6rnekleri ise Aydin ili Merkez ilgesinde (Efeler)
faaliyet gosteren gesitli zincir marketlerden elde edilen amba-
lajl1 ve etiketli olarak satisa sunulan (endiistriyel olan; M) 16
farkli kakaolu kek 6rnegi ve yine Efeler il¢esinde faaliyet gos-
teren pastane ve satis yerlerinde paketsiz olarak acikta satisa
sunulan (endiistriyel olmayan; P) 15 farkli kakaolu kek 6rnegi
toplanmistir. Toplanan 6rnekler Efeler il¢esinin ¢esitli bolge-
lerinden homojen dagilim olacak sekilde satin alinmustir (Se-
kil 1).

Toplanan ornekler iizerinde akrilamid analizi tek paralelli;
nem, kiil, renk, pH analizleri 3 paralelli gergeklestirilmistir.
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Sekil 1.Kakaolu kek orneklerinin Aydin-Efeler ilgesindeki
dagilimi (n=31)

Figure 1. The distribution of cocoa cake samples in the Aydin-Efe-
ler district (n=31)

Standart ¢ozeltilerinin hazirlanmasi

Kalibrasyon egrisinin olusturulmasinda kullanilan akrilamid
standart ¢ozeltileri belirli konsantrasyonlarda ultra saf su
icinde ¢oziilerek hazirlanmgtir.

Kek orneklerinin hazirlanmasi

Orneklerin hazirlanmasinda Shi vd. (2009), Hauet vd. (2016),
Pal vd. (2018) tarafindan belirtilen yontemler, baz1 degisik-
likler yapilarak kullamlmustir. Ilk olarak ince dgiitiilmiis bir
ornek 50 mL’lik bir santrifiij tiipiine 0.5 g olacak sekilde tar-
tilmis ve tizerine 10 ml ultra saf su eklenmistir. Ardindan ka-
risim 10 dakika siireyle vortekslenmistir. Daha sonra 6rnek
5000 rpm’de 10 dakika siireyle santrifiij edilmistir. Ardindan
5 mL supernatant 50 mL’lik bir tiipe aktarilmis ve tizerine 50
pl sodyum hidroksit (0.1 M) eklenmistir. Daha sonra ¢ozelti-
nin pH’1 8+0.3’e ayarlanmistir. Cozeltiye 0,5 mL 2-merkap-
tobenzoik asit ilave edilmis ve karanlikta 100 dakika boyunca
su banyosunda bekletilmistir. Daha sonra iizerine 1 mL doy-
mus kursun (II) asetat trihidrat ¢ozeltisi eklenmis ve 8000
rpm’de 10 dakika siireyle santrifiij edilmistir. Supernatant 50
mL’lik bir santrifiij tiipiine aktarilmis ve pH, HCl (3M) ile
1.5’e ayarlanmistir. Cozelti 8000 rpm’de 10 dakika santrifiij
edildikten sonra supernatant 20 mL’lik bir cam santrifijj tii-
piine aktarilmis ve etil asetat kullanilarak ekstraksiyon yapil-
mistir. Ardindan organik faz 70°C’de buharlastirilmis ve ka-
lint1 250 pl mobil fazda yeniden ¢oziilmistiir. Akrilamid mik-
tarimin tespiti, vakumlu gaz giderici, kuaterner pompa, ter-
mostath kolon bdlmesi ve diyot dizi dedektdriinden (DAD)
olusan bir HPLC sistemi (Agilent 1260, DAD dedektorii
G13115D 1260 DADVL) kullanilarak gerceklestirilmistir.
Kromatografik ayrim 25°C’de termostatli bir C18 RP kolonu
(250x4,6 mm, Hidrochrome, Excel, UK) kullanilarak gercek-
lestirilmistir. Enjeksiyon hacmi 10 pL’dir. Ornekler 210 nm
dalga boyunda analiz edilmistir. Mobil faz olarak ultra saf su,
asetonitril (%40, %60) ve saf su ile asetonitrilin %0,1’i kadar
formik asit kullanilmistir. Kalibrasyon egrisi akrilamid stan-
dartlari ile olusturulmustur (y=86.70615589x+ 89.13033 R? =
0,99)

Renk analizi

Kakaolu kek orneklerinde renk analizi Hunterlab ColorFlex
EZ renk tayin cihazi kullanilarak gergeklestirilmistir. Renk
Ozellikleri olarak L* (koyuluk, parlaklik), a* (+kirmizi, -ye-
sil) ve b* (+sar1, -mavi) degerleri saptanmistir. Kek drnekleri
tiikketim bicimlerine gore (8giitiilmeden) analiz edilmistir. Or-
neklerin dig yiizeyleri ve dilimlenerek i¢ yiizeyleri analiz edil-
mistir (Baltacioglu, 2017).
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Nem analizi

Nem miktariin belirlenmesi i¢in 4 gr 6giitlilmiis kakaolu kek
ornegi 3 saat 105°C sicakliktaki etiivde kurutulmustur. Ku-
rutma ve sogutmadan sonra 6rneklerin kuru agirligi 6l¢iilmiis
ve nem igerigi hesaplanmistir (Ugar, 2011).

Kiil analizi

Orneklerin kiil analizi AOAC (1990)’a gére gerceklestirilmis-
tir. Ornekler, 6nceden sabit tartima getirilmis porselen kroze
igerisine tartilarak, kiil firminda (Elektro-mag M1813, Tiir-
kiye) 550+£5°C’de kalint1 beyaza yakin renk alana kadar ya-
kilmistir. Yakma islemi sonunda krozelerde kalan 6rnek kiit-
lesi basglangictaki 6rnek kiitlesine oranlanarak keklerin % kiil
miktar1 hesaplanmustir.

pH analizi

Kek orneklerinde pH analizi igin 130°C’de 55 dakika kurutul-
mus keklerden 10 g alimmistir 90 mL distile su ile 10 dakika
laboratuvar tipi parcalayicida yiliksek devirde (WiseTis
HGI15A, Kore) homojenize hale getirilmistir ve bu siire so-
nunda pH metre (Phenomenal VWR, Almanya) kullanilarak
pH belirlenmistir (Baltacioglu ve Uyar, 2017).

istatistiksel analiz

Olgiilen degiskenler arasindaki iliskinin giiciinii lgmek icin
Pearson korelasyon katsayisi (r) ve Spearman korelasyon kat-
sayist (p) hesaplanmistir. Pearson korelasyon katsayis1 dogru-
sal iliskilerin giiciinii yansitirken, Spearman sira korelasyonu
monotonik iliskinin giiclinii yansitmaktadir. Tiim istatistiksel
hesaplamalar i¢in SPSS 22.0 paket programi kullanilmustir.
Istatistiksel analizler sonucunda ortalamalarin aralarindaki
farkliliklar 0.05 giiven araligina gore gosterilmistir.

Bulgular ve Tartisma

Kakaolu kek 6rneklerine ait nem, kiil ve pH degeri sonuglar
Tablo 1’ de sunulmustur. Kek orneklerinin nem igerikleri
%10.80-39.88 arasinda degisen degerlerde yer almistir. Diger
yandan 6rneklerin kiil miktarlar1 %1.55-6.54 arasinda degis-
mis ve pH degerleri ise 5,98-8,99 araliginda bulunmustur. Or-
neklerin nem ve kiil miktarlari ile pH degerlerinin konuyla il-
gili yapilmis benzer c¢aligmalarla biiyiik oranda uyum iginde
oldugu belirlenmistir. Moreno (2019) tarafindan yapilan ¢a-
ligmada kakao tozu igeren kekin nem miktarinin %34.6 ol-
dugu, kiil miktarinin ise %1.33 olarak belirlendigi bildirilmis-
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tir. Diger yandan Wallace vd. (2010) tarafindan yapilan calis-
mada kakaolu keklerin kiil miktar1 kuru madde iginde %5.63
olarak belirtilmistir. Rosa vd. (2015) tarafindan yapilan ¢alis-
mada ise kakao tozuyla yapilan keklerde nem igeriginin
%36.04; kil iceriginin ise %3.93 oldugu bildirilmistir. Ayrica
Stahl vd. (2009) tarafindan yapilan ¢alismada kakao igeren
kekin pH degerinin 8.8 oldugu rapor edilmistir. Market ve
pastanelerde satilan kakaolu kek 6rneklerininin nem igerikle-
rinde istatistiksel olarak 6nemli bir fark oldugu (p<0.05) pas-
tanelerde satilan kek 6rneklerinin nem igeriginin daha ytliksek
oldugu goriilmiistiir. Pastaneden alinan ambalajsiz 6rneklerde
her ne kadar daha ytiksek kiil ve ph degeri saptanmis olsa da
bu farklilik istatistiksel olarak Onemli bulunmamistir
(p>0.05).

Kakaolu kek drneklerine ait renk degerleri Tablo 2’de sunul-
Orneklerin renklerini degerlendirme amaciyla

CIELAB (Commission Internationale de 1'éclairage, L, a, b)

mustur.

kolorimetrik sistem indeksleri kullanilarak L* (agiklik; siyah
icin L*=0, beyaz i¢in L*=100), a* (yesil i¢in a*<0, kirmiz1
icin a*>0) ve b* (mavi i¢in b*<0, sar1 i¢in b*>0) degerleri
belirlenmistir. Cizelge’de yer alan agiklik/koyuluk/parlaklik
ozellikleriyle iligkilendirilen L*degerleri incelendiginde, L*
degeri 100’e yaklastik¢a rengin agildigi bilindiginden, kek 6r-
neklerinin dis yiizey renkleri degerlendirildiginde, K5 kodlu
ornek en koyu renge sahipken, K19 kodlu 6rnek en agik renge
sahip olmustur. Diger yandan 6rneklerin a degerleri 0’dan bii-
yiik olup, kirmizilik degeri en yiiksek 6rnek K20 kodlu 6rnek
olmustur. Sarilik degerini ifade eden b* degeri ise en yliksek
K24 kodlu 6rnekte tespit edilmis, en diisiik ise K5 kodlu 6r-
nekte saptanmustir. Orneklerin i¢ yiizeylerine ait renk deger-
leri incelendiginde ise K1 kodlu 6rnek en koyu renge sahip-
ken, K20 kodlu 6rnek en agik renge sahip olmustur. Diger
yandan kirmizilik degeri en yiiksek 6rnek K11 kodlu 6rnek
olup, kirmizilik degeri en diisiik olan 6rnek ise K10 kodlu 6r-
nek olmustur. Ayrica 6rneklerin b degerleri incelendiginde
sarilik degeri en yiiksek 6rnek K11 kodlu 6rnek, en diisiik
olan ise K10 kodlu érnek olarak belirlenmistir. Ornek grupla-
rinin ortalamalari lizerinden degerlendirme yapilacak oldu-
gunda ise pastane Orneklerinin dis yiizeylerinin daha sari
(daha yiiksek b degeri) oldugu goriilmiistiir (p<0.05). Diger
ortalama veriler arasinda ististiksel olarak anlaml bir fark bu-
lunmamastir.
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Tablo 1. Kakaolu kek 6rneklerinin nem, kiil miktarlari ile pH degerleri(n=31)*

Table 1. The moisture and ash contents, pH values of cocoa cakes samples (n=31)

Ornek Kodu | Nem (%) Kiil (%) pH Ornek Kodu | Nem (%) Kiil (%) pH
M1 (K1) 14.65+0.26 | 1.94+0.15 | 6.16+0.43 P1(K2) 18.00+0.09 | 1.55+0.04 | 7.02+0.60
M2 (K3) 16.00 £0.09 1.73+£0.09 | 6.21+0.42 P2(K5) 11.78 £0.59 | 2.35+0.03 | 6.79+0.35
M3 (K4) 10.80+0.54 | 2.28+0.09 | 5.98 +£0.54 P3(K9) 22.15£0.15 1.67+0.03 | 6.65+0.42
M4 (K6) 14.91 £0.03 1.98+£0.05 | 6.20+0.45 P4(K10) 26.87 £0.07 | 2.62+0.02 | 7.54+.0.30
M5 (K7) 15.84+1.59 | 2.15+0.12 | 6.02+0.43 P5(K13) 20.96 £0.3 2.61£0.01 | 6.65+0.57
M6 (K8) 14.14+0.15 | 2.00+0.07 | 6.07 £0.60 P6(K16) 14.87 £0.03 | 2.77+0.03 | 7.51+0.06
M7(K11) 18.59+0.03 | 2.62+0.01 | 6.36+0.05 P7(K17) 33.75+0.03 1.83+0.01 | 7.24+0.02
M8 (K12) 14.25+0.55 | 2.21+0.01 | 6.13+0.00 P8(K18) 15.66 £0.05 | 2.05+0.06 | 7.25+0.08
M9 (K14) 1430+0.09 | 2.40+0.09 | 6.48+0.22 P9(K19) 39.88 £7.15 1.84+0.17 | 7.62+0.12
M10 (K15) 14.95+0.03 | 2.04+0.03 | 6.13+0.04 P10(K20) 35.07 £0.03 1.57+0.03 | 8.08+0.00
Mi11 (K25) 16.31 £1.37 | 2.56+0.01 | 6.82+0.07 P11(K21) 25.65+£0.02 | 1.56+0.02 | 7.97+0.07
M12 (K27) 15.64+£0.24 | 1.97+0.01 | 6.52+0.02 P12(K22) 21.85+0.44 | 2.02+0.03 | 8.71+0.13
M13 (K28) 15.64£0.24 | 2.18+0.01 | 7.02+0.01 P13(K23) 19.61£0.02 | 1.75+0.09 | 7.29+£0.02
M14 (K29) 18.37+1.09 | 2.10+0.10 | 6.89+0.02 P14(K24) 34.98 £0.26 | 6.53+£0.22 | 8.98 £0.06
M1 (K30) 12.97 £1.37 221 +0.27 6.88 +0.02 P15(K26) 14.83+£0.02 | 2.45+0.04 | 6.60+0.14
M1 (K31) 17.73+0.02 | 2.43+0.10 | 6.31+0.13
Ortalama 16.08 £2.314 | 2.23 £0.32€ | 6.60 £0.29° | Ortalama 22.84+9.758 | 2.41 £1.26° | 7.65 +£0.82P

* Kisaltmalar: M: Market; P: Pastane

Orneklerin renk degerleri ile akrilamid igerikleri arasindaki
iliski incelendiginde ise, herhangi bir korelasyon tespit edil-
memigtir (p>0.05). Kakaolu kek 6rneklerinde saptanan akri-
lamid miktar1 Tablo 3 ve Sekil 2°de verilmistir. Orneklerdeki
akrilamid miktarlar1 36.87-311.95 ug/kg arasinda degisen de-
gerler almistir (Tablo 3). Marketlerden alinan paketli kakaolu
kek orneklerinde akrilamid degeri ortalamasi 104.93 +41.04
iken ambalajsiz kek Orneklerinde ise bu degerin (147.54
+64.29) daha yiiksek oldugu saptanmistir (p<0.05). Konuyla
ilgili Mousa (2021) tarafindan yapilan ¢alismada kinoa igeren
keklerde akrilamid miktarinin 356.8-2147.2 ng/kg arasinda
degistigi bildirilmistir. Diger yandan Markova vd. (2012) ta-
rafindan yapilan aragtirmada karabugday ve zencefil igeren
keklerde akrilamid miktarlarinin 208-346 pg/kg kuru madde
diizeyinde oldugu belirtilmistir. Razia vd. (2016) tarafindan
yapilan galigmada ise Pakistan’da satisa sunulmus olan bazi
kek orneklerinde akrilamid miktarinin 23.5-35.5 diizeyinde
oldugu rapor edilmistir. Ayrica Nematollahi vd. (2020) tara-
findan gerceklestirilen arastirmada Iran’da satisa sunulmus
olan keklerde akrilamid diizeyinin 177 pg/kg diizeyinde ol-
dugu bildirilmistir.

Ek olarak Olmez vd. (2008) tarafindan yapilan ¢alismada top-
lam 311 geleneksel iiriinde akrilamid miktar1 arastirilmis ve
kraker, biskiivi ve bebek biskiivilerinde ortalama akrilamid
miktarlarinin sirasiyla 247, 198 ve 152 pg/kg diizeyinde ol-
dugu belirtilmistir. Diger yandan Senyuva ve Gokmen (2005)
tarafindan yapilan ¢alismada iilkemiz marketlerinde yer alan
120 farkli iiriinde akrilamid miktarlar1 incelenmis ve en yiik-
sek akrilamid miktar1 krakerlerde (1072 pg/kg) tespit edilmis-
tir. Diger yandan Pacetti vd. (2015) tarafindan yapilan calis-
mada Kolombiya’da satisa sunulan 112 farkl iiriinde akrila-
mid miktar1 analiz edilmis ve en yiiksek akrilamid igerigi bis-
kiivilerde (1104 pg/kg) tespit edilmistir. Konuyla ilgili yapi-
lan bir baska calismada (Rufian-Henares vd., 2007) Is-
panya’da marketlerde satiga sunulan biskiivi ve ekmek ben-
zeri Urlinlerde akrilamid miktarlart arastirilmig ve biskiivi-
lerde ortalama ve en yiiksek akrilamid miktar1 sirasiyla 423
ve 2085 pg/kg olarak belirlenmistir. Gertz (2004) ise keklerde
akrilamid miktariin 36-40 pg/kg arasinda degistigini rapor
etmistir.

Genel olarak degerlendirildiginde ise pastanelerden alinan
kek orneklerinin daha yiiksek nem degerine sahip, dis yiizey-
lerinin daha sar1 (b) ve akrilamid degerlerinin marketlerde sa-
tisa sunulan paketli keklere kiyasla daha yiiksek oldugu sap-
tanmustir (p<0.05). Elde edilen veriler genel olarak literatiirle
benzerlik gostermektedir.
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Tablo 2. Kakaolu kek orneklerinin renk degerleri(n=31)*

Table 2. Color values of cocoa cake samples (n=31)

Research Article

DIS YUZEY
Ornek Ornek
Kodu L a b WIE Kodu L a b WIE
M1 (K1) |23.3140.03 | 8.79+0.01 | 8.27+0.04 | -95.13+0.04 | P1(K2) 33.43+0.02 13.4+0.04 15.97+0.01 |-140.3740.07
M2 (K3) |22.43+0.07 | 9.16+0.02 | 9.85+0.03 | -116.01+0.01 | P2(K5) 8.5+0.11 5.55+0.21 3.7240.03  |-75.01+0.04
M3 (K4) | 23.6£0.01 | 9.17+0.17 | 10.65+0.06 | -121.68+0.06 | P3(K9) 16.97+0.06 9.44+0.18 8.93+0.02  |-122.17+0.02
M4 (K6) | 29.52+0.09 | 9.14+0.13 | 12.01+0.04 | -118.37+0.07 | P4(K10) [12.9340.02 7.13+0.04 5214£0.05 |-82.71+0.04
M5 (K7) |23.01£0.01 | 8.96+0.09 | 10.04+0.07 | -116.61+0.02 | P5(K13) |[22.78+0.05 10.75+0.1 11.66+£0.02 |-134.27+0.01
M6 (K8) | 30.9+0.05 | 13.25+0.06 | 17.71+0.13 | -164.39+0.19 | P6(K16) |32.36+0.03 13.362£0.01 |19.28+0.11 |-172.92+0.08
M7(K11) |36.01+£0.18 | 14.06+0.08 | 19.87+.0.11 | -164.46£0.03 | P7(K17) |25.44+0.57 10.73£0.78 |10.59+0.03 |-114+0.05
M8 (K12) | 26.29+0.06 | 10.9+0.04 | 14.04+0.01 | -147.82+0.04 | P8(K18) |21.97+0.07 7.61+0.03 6.44+0.01  |-77+0.08
M9 (K14) | 19.43+0.09 | 11.04+0.41 | 11.65+0.19 | -145.9+0.17 |P9(K19) [39.95+0.41 12.6+0.07 15.96+0.43 |-122.06+0.05
M10(K15) |14.88+0.04 [10.94+0.18 |11.93+0.60 |-168.95+0.32 | P10(K20) |38.7+0.02 14.95£0.01 |22.824+0.06 |-177.54+0.02
M11(K25) | 23.2940.02 | 7.64+0.22 | 7.3+0.06 -84.3740.01 | P11(K21) |24.83+0.04 10.33+£0.11 |10.83£0.56 |-118.77+0.17
M12(K27) | 23.44+0.23 | 7.68+0.01 | 7.2840.04 | -83.84+0.09 |P12(K22) |38.66+0.03 11.7240.07 |19.81+0.11 [-157.55+0.14
M13(K28) | 12.29+0.26 | 9.63+0.52 | 8.18+0.22 | -129.17+0.04 | P13(K23) |17.01+0.09 8.09+0.05 5.49+0.01 |-75.67+0.08
M14(K29) | 17.4340.02 | 9.78+0.08 | 9.7+0.21 -130.33£0.31 | P14(K24) |38.08+0.04 14.56+£0.02 |25.07£0.01 |[-196.96+0.04
M1 (K30) | 20.11+0.07 | 13.43+0.12 | 14.59+0.06 | -174.05+£0.12 | P15(K26) |27.67+0.09 11.96£0.11 |12.3440.23 |[-124.79+0.15
M1 (K31) |20.46+0.19 | 7.16+0.17 | 4.61+0.1 -57.02+0.2
Ortalama [22.945.92% [10.05+2.088(11.11+3.97C |-126+34.15F Ortalama [26.62£10.08* [10.82+2.82B |12.94+6.66° |-126.12+38.5F

IC YUZEY
Ornek Ornek
Kodu L a b WIE Kodu L a b WIE
M1 (K1) |[12.11+0.08 | 8.61+0.01 | 7.15+0.08 | -114.93£0.03 | P1(K2) 30.53+£0.04 | 10.87+0.01 | 13.45+0.09 | -128.16+0.07
M2 (K3) |[19.64+0.12 | 9.14+0.05 | 9.23+£0.11 | -117.27+£0.03 | P2(K5) 19.13£0.01 4.74+0.09 4.240.06 -55.14+0.03
M3 (K4) |[21.2540.04 | 5.59+0.01 | 4.27+0.08 | -51.96+0.01 |P3(K9) 15.17+0.03 3.36£0.01 | 2.16+0.07 -31.8+0.05
M4 (K6) |20.34+0.01 | 10.86+0.02 | 11.91+0.05 | -145.89+0.06 | P4(K10) 13.37+0.16 2.86+0.04 1.62£0.06 | -25.23+0.01
M5 (K7) |[19.97+0.08 | 10.06+0.11 | 11.8+0.09 | -146.8+0.17 |P5(K13) 39.83+0.09 11.3£0.14 | 22.08+0.09 | -171.75+0.07
M6 (K8) |17.26+0.04 | 9.09£0.09 | 8.01£0.03 | -108.99+0.01 | P6(K16) 29.14+0.03 | 12.13+0.06 | 11.56+0.09 | -112.56+0.05
M7(K11) |37.47+0.06 | 15.41+0.03 | 26.63+0.07 | -209.54+0.01 | P7(K17) 31.51+0.13 8.11+£0.08 | 10.72+0.06 | -100.88+0.02
M8 (K12) | 24.540.11 |10.34+0.09 | 12.9£0.06 | -143.02+0.04 | P§(K18) 20.97+0.08 9.7+0.07 9.08+0.02 | -110.76+0.08
M9 (K14) |20.75+0.05 | 9.82+0.09 | 11.19+0.04 | -136.95+0.03 | P9(K19) 44.51+0.06 12.240.04 | 15.95+0.03 | -110.06+0.07
M10(K15) | 19.54+0.01 | 7.31+0.04 | 6.38+0.06 | -82.16+0.02 | P10(K20) | 49.29+0.02 9.17+0.11 | 14.73£0.09 | -90.84+0.08
M11(K25) | 25.08+0.13 | 9.34+£0.09 | 11.5240.04 | -126.51+0.05 | P11(K21) | 26.99+0.13 | 13.78+0.09 | 12.62+0.07 | -128.08+0.05
M12(K27) | 25.1240.01 | 10.17+0.05 | 11.2240.04 | -122.3440.05 | P12(K22) | 41.05+0.05 | 11.7840.07 | 17.96+0.03 | -135.39+0.09
M13(K28) | 23.17+0.06 | 9.98+0.13 | 9.25+£0.09 | -106.06£0.07 | P13(K23) | 17.56+0.07 8.76+0.04 | 6.29+0.08 -84.9+0.07
M14(K29) | 21.06+0.04 | 9.25£0.02 | 8.7+0.06 | -106.15+0.02 | P14(K24) | 36.63+0.03 | 12.31+0.06 | 15.78+0.07 | -130.11+0.11
M1 (K30) |31.73£0.11 | 11.97+0.06 | 15.27+0.03 | -140.7140.12 | P15(K26) | 28.71+0.14 | 10.87+0.09 | 13.07+0.08 | -130.04+0.06
M1 (K31) |21.66+0.07 | 10.15+0.04 | 9.6+0.13 | -114.53+0.09
Ortalama [22.54+5.76"| 9.82+2.08® |10.94+4.981€(-123.36+33.81%| Ortalama | 29.63+11.05" | 9.46+3.37® | 11.41+5.86 | -103.05+40.17°

* Kisaltmalar: M: Market ; P: Pastane
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Tablo 3. Kakaolu kek orneklerinin akrilamid miktarlar (ug/kg) (n=31)

Table 3. The acrylamide levels in cocoa cake samples (n=31)

Ornek (Market) Akrilamid miktarlar: (ng/kg) Ornek (Pastane) | AKkrilamid miktarlar1 (ng/kg)
1 187.9552 2 91.72209
3 99.7838 5 194.8636
4 90.22277 9 101.7675
6 60.90536 10 125.1684
7 80.22348 13 133.4031
8 74.16855 16 185.6716
11 129.7471 17 129.5971
12 123.7729 18 311.9487
14 162.905 19 154.7741
15 139.4119 20 34.35592
25 36.87016 21 194.2177
27 127.0829 22 107.5572
28 75.34493 23 129.4126
29 116.5185 24 202.1064
30 121.1894 26 116.5877
31 52.76291658
Ortalama 104.93 £41.044 Ortalama 147.54 £64.298
Minimum 36.87016 Minimum 34.35592
Maksimum 187.9552 Maksimum 311.9487
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Sekil 2. Kakaolu kek 6rneklerindeki akrilamidin yiiksek performansli sivi kromatogrami. Kosullar: Agilent 1260, DAD de-
dektorii; 210 nm dalga boyu; enjeksiyon hacmi 10 uL; mobil faz: asetonitril/formik asit
Figure 2. High-performance liquid chromatography of acrylamide in cocoa cake samples. Conditions: Agilent 1260, DAD detector; wave-
length: 210 nm; injection volume: 10 pL; mobile phase: acetonitrile/formic acid
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Sonug¢

Akrilamid, insanlar tizerindeki potansiyel karsinojen etkileri
kanitlanmig olan toksik bir Maillard reaksiyon {irliniidiir.
Ozellikle firincilik iiriinleri yiiksek sicakliklar kullanilarak
iiretildiklerinden, akrilamid olusumu yoniinden 6nemli bir
risk grubunu olusturmaktadir. Calismamizdada iilkemiz piya-
sasinda ambalajli ve ambalajsiz sekilde satisa sunulmus olan
ve sik tiiketilen farkli kakaolu kek orneklerinde akrilamid
miktarlar analiz edilmistir. Incelenen &rneklerin ortalama de-
gerleri arasinda, marketlerde satilan ambalajli kek 6rnekleri-
nin nem igeriginin daha diisiik degerli ve daha az sar1 oldugu
saptanmistir (p<0.05). Calismada 31 gesit kakaolu kek 6rnek-
lerin akrilamid miktarlarinin 36.87-311.95 pg/kg arasinda de-
gistigi belirlenmistir. Pastanelerden temin edilen kek 6rnek-
lerinin akrilamid igeriginin diger keklere gore daha yiiksek ol-
dugu bulunmustur (p<0.05). Orneklerin yiizey ve merkez
renkleri birbirlerinden 6nemli derecede farkli olsa da akrila-
mid miktari ile renk degerleri arasinda herhangi bir korelas-
yon tespit edilmemistir (p>0.05). Literatiirde keklerde nem
miktariin %5’ in altina diismesi durumunda akrilamid olusu-
munun énemli derecede azaldig1 rapor edilmistir. Orneklerin
nem miktar1 ve akrilamid diizeyi arasinda belirgin bir korelas-
yon tespit edilmese de akrilamid olusumunu azaltmak ama-
ciyla, yeni aragtirmalarda keklerde nem miktarinin azaltilmasi
yoluna gidilebilecegi diisiiniilmektedir. Calismada analiz edi-
len iiriin grubu 6zellikle ¢ocuklar tarafindan tiiketildiginden
ve cocuklarda akrilamid maruziyeti yetiskenlere gore daha
yiiksek oldugundan, yapilacak yeni ¢alismalarda ve gida en-
diistrisinde bu iiriin grubunda akrilamid miktarin1 azaltmaya
yonelik yeni yaklagimlarin ortaya konulmasi 6nem arz etmek-
tedir. Ayrica akrilamidin azaltilmas1 ve kontrolii i¢in yasal
otoritenin ve endiistrisinin diger iilkelerde oldugu gibi iilke-
mizde de daha etkin ve 6ncii rol iistlenmesi gerekmektedir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yaz icin gercek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: -
Veri erisilebilirligi: Veriler talep ilizerine saglanacaktir.

Finansal destek: Bu ¢alisma TUBITAK 2209-A Universite Ogren-
cileri Arastirma Projeleri Destekleme Programi kapsaminda destek-
lenmistir (1919B011902258).
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oz

Bu ¢aligmada, elma kabugundan fenolik bilesiklerin ultrases destekli ekstraksiyon (15, 30 ve 45
dakika) ve konvansiyonel ekstraksiyon (15, 30, 45, 60, 75 ve 90 dakika) yontemleri ile ekstrakte
edilmesi arastirildi. Elma kabugu ekstraktlarinin antioksidan kapasitesi (DPPH), toplam fenolik
madde, toplam flavanoid madde ve bireysel fenolik igerigi belirlendi. iki farkl1 ekstraksiyon yon-
temi ile elde edilen elma kabuk ekstraktlarinda klorojenik asit, rutin, katesin, epikatesin, prosiya-
nidin B1, prosiyanidin B2 ve prosiyanidin C1 tespit edildi. Konvansiyonel yontemde 90 dakikalik
ekstraksiyon sonunda toplam fenolik, toplam flavonoid ve antioksidan aktivite sirastyla 1848.50
+0.40 mg GAE/kg, 571.01 £2.88 mgKA/kg ve 9.70+0.00 mmol Trolox eq./g olarak bulunurken
45 dakikalik ultrases destekli ekstraksiyonda toplam fenolik, toplam flavonoid ve antioksidan ak-
tivite sirastyla 2021.83 £65.69 mg GAE/kg, 532.66 +2.43 mgKA/kg ve 11.73 £0.08 mmol Trolox
eq./g olarak belirlendi. Konvansiyonel yontemle karsilastirildiginda, ultrases destekli ekstraksiyon
uygulamasinin elma kabuklarindan fenolik madde ekstraksiyonunun siiresini dnemli 6l¢iide azalt-
t1g1 ve ekstraksiyon verimliligini arttirdig1 tespit edildi.

Anahtar Kelimeler: Antioksidan, Ektraksiyon, Elma kabugu, Fenolik bilesikler, Ultrases

ABSTRACT
Ultrasound-assisted extraction of phenolic compounds from apple peel

This study investigated the extraction of phenolic compounds from apple peel by ultrasound-as-
sisted extraction (15, 30 and 45 min) and conventional extraction (15, 30, 45, 60, 75 and 90 min).
The antioxidant capacity (DPPH), total phenolic content, total flavonoid content, and individual
phenolic compounds of apple peel extracts were determined. HPLC analysis indicated that apple
peel extracts had chlorogenic acid, rutin, catechin, epicatechin, procyanidin B1, procyanidin B2
and procyanidin C1. In the conventional method, the total phenolic content, total flavonoid content
and antioxidant activity of apple peel extract in 90 min of conventional extraction was found as
1848.50 £0.40 mg GAE/kg, 571.01 +2.88 mgKA/kg and 9.70+0.00 mmol Trolox eq./g, respec-
tively. In 45 min of the ultrasound-assisted extraction, total phenolic content, total flavonoid con-
tent and antioxidant activity of extracts were determined as 2021.83+65.69 mg GAE/kg, 532.66
+2.43 mgKA/kg and 11.73 £0.08 mmol Trolox eq./g respectively. The application of ultrasound-
assisted extraction markedly decreased extraction time and improved the extraction efficiency
compared with the conventional method.

Keywords: Antioxidant, Apple peel, Extraction, Phenolic compounds, Ultrasound
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Giris

Meyve ve sebzeler insan beslenmesinde hayati 6neme sahip-
tirler ve ¢esitli mekanizmalar yoluyla kardiyovaskiiler hasta-
liklara ve kansere karsi koruma saglayabilen bir¢ok antioksi-
dan bilesik igermektedir (Wolfe ve Liu, 2003). Elma (Malus
domestica Borkh.), Rosaceae familyasinin bir {iyesi olup diin-
yada yaygin olarak yetistirilen énemli bir meyvedir (Rana ve
Bhushan, 2016). Ayrica dogal antioksidanlar olarak iglev gor-
diigii bilinen C vitamini ve bazi fenolik bilesiklerin kaynagi
oldugu i¢in insan beslenmesinde 6nemli bir yere sahiptir (Wu
ve ark., 2007). Elma fenolikleri, hiicreyi serbest radikallerin
zararl etkilerine kars1 koruyan ve diisiik yogunluklu lipopro-
teinlerin oksidasyonunu engelleyen giiclii antioksidan aktivi-
teye sahip bilesiklerdir (Rana ve Bhushan, 2016). Elma ka-
bugunun, soyulmus elma dokusundan daha fazla toplam
fenolik madde ve antioksidan aktivite (1.2-3.3 ve 1.5-9.2 kat)
igerdigi bildirilmistir (Drogoudi ve ark., 2008). Bir diger
calismada da dort cesit elma 6rneginde toplam fenolik ve fla-
vonoid igeriginin en yliksek kabuklarda bulundugu, bunu so-
yulmus elma dokusu + kabuk ve soyulmus elma dokusu
ornegi izlemistir (Wolfe ve ark., 2003).

Meyve ve sebzelerin islenmesinde Onemli miktarlarda
atik/yan iriin ortaya ¢ikmaktadir. Atiklarin bir polifenol kay-
nag1 olarak kullanilmasi, gida islemcileri i¢in énemli ekono-
mik fayda saglayabilir. Ayrica, bu atik veya yan iiriinlerde
bulunan polifenollerin gii¢lii antioksidan ve sitoprotektif ak-
tiviteleri, bunlar1 insan beslenmesi agisindan da son derece
onemli hale getirmektedir (Kabir ve ark., 2015). Cesitli elma
iirlinleri (elmali turta, elma sosu, elma cips vb.) iiretiminin
yan iirlinlerinden biri olan elma kabuklarini insan beslenme-
sine saglikli bir gida bileseni olarak dahil etmenin yollarinin
belirlenmesi, saglik agisindan pek ¢ok yarar saglayabilir (Ru-
pasinghe ve ark., 2008).

Bitkisel dokulardan elde edilen ekstraktlar gida, ila¢ ve koz-
metik endiistrilerinde yaygin olarak kullanilmaktadir. Bitki-
lerden fonksiyonel 6zelliklere sahip dogal bilesikleri elde et-
mek icin farkli ekstraksiyon tekniklerinin etkileri genis capta
arastirllmigtir (Wang ve Weller, 2006). Ekstraksiyon siiresini
kisaltmak, solvent tiiketimini azaltmak, ekstraksiyon veri-
mini ve ekstraktlarin kalitesini artirmak i¢in konvansiyonel
ekstraksiyona alternatif teknikler gelistirmek popiilarite kaza-
nan bir konudur. Son yillarda bitkilerden nutrasétiklerin ekst-
raksiyonu i¢in ultrases destekli ekstraksiyon, mikrodalga des-
tekli ekstraksiyon, stiperkritik akiskan ekstraksiyonu ve hiz-
landirilmis solvent ekstraksiyonu dahil olmak {izere ¢esitli
yeni ekstraksiyon teknikleri gelistirilmistir (Wang ve Weller,
2006). Bunlarin arasinda ultrases destekli ekstraksiyon, gele-
neksel ekstraksiyon tekniklerine kiyasla ucuz, basit ve etkili
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bir alternatiftir. Ultrases kullanilarak elde edilen ekstraksiyon
verimindeki artig, esas olarak, bir ultrasonik dalganm gegi-
siyle ¢oziiciide iiretilen akustik kavitasyonlarin etkilerine at-
fedilir (Wang ve ark., 2008). Domates atiklarindan likopenin
ekstrakte edildigi bir calismada, ultrases destekli ekstraksiyo-
nun hem siire hem de sicaklik agisindan geleneksel yonteme
kiyasla daha avantajli oldugu bildirilmistir (Kumcuoglu ve
ark., 2011). Bu ¢alismada iki farkli ekstraksiyon yonteminin
saglik acisindan 6nemli olan elma kabuk dokusundaki fenolik
bilesiklerin ekstraksiyonu iizerine etkisi arastirilmistir.

Materyal ve Metot

Materyal

Calismada ekstraksiyon i¢in 2020 yilinda Hakkari ilinde ye-
rel bir iireticinin bahgesinden hasat edilen Starking Delicious
elma cesidine ait kabuklar kullanilmistir. Hasattan hemen
sonra laboratuvara getirilen elmalar hemen yikanmis ve ma-
nuel bir kabuk soyucu ile kalinlig1 2 mm olacak sekilde elma
kabuklar1 soyulmustur.

Kullanilan Kimyasallar ve Reaktifler

Katesin, epikatesin, klorojenik asit, rutin, DPPH, 6-hidroksi-
2,5,7,8-tetrametilkroman-2-karboksilik asit (Trolox), asetik
asit Sigma-Aldrich Co.'dan (St. Louis, MO, ABD) satin alin-
mistir. Prosiyanidin B1 ve prosiyanidin B2 abcr’den (Al-
manya), prosiyanidin C1 Chem Scene’den (ABD) temin edil-
mistir.

Metot

Calismada ultrases destekli ekstraksiyon (U) ve konvansiyo-
nel ekstraksiyon (K) yontemleri ile elma kabugundan fenolik
madde ekstraksiyonuna g¢aligilmigtir. Calismada meyve: su
orani 1:10 (W:V) olarak belirlenip her iki ekstraksiyon yon-
teminde de aym sekilde kullanilmustir.

Ultrases destekli ekstraksiyon i¢in Bandelin (80/320 W, 35
kHz, Germany) marka ultrasonik su banyosu kullanildi. Ekst-
raksiyon i¢in elma kabuklar1 oda sicakliginda 15, 30 ve 45
dakika boyunca tii¢ farkl siirede ultrases destekli ekstraksi-
yona tabi tutuldu.

Konvansiyonel yontemle ekstraksiyon ise oda sicakliginda ve
karanlikta 90 dk boyunca dairesel ¢alkalayici (150 rpm) tize-
rinde gerceklestirilmistir. Ekstraksiyon islemi 6 farkli (15, 30,
45, 60, 75 ve 90 dk) siirede gerceklestirildi.

Elde edilen ekstraktlar kaba filtre kagidu ile siiziildiikten sonra
bekletilmeden kimyasal analizlerde kullanilmustir.



Research Article

Food Health 9(4), 341-349 (2023) e https://doi.org/10.3153/FH23031

Toplam Fenolik Madde Analizi

Elma kabugu ekstraktlarinin toplam fenolik madde analizi
Singleton ve Rossi (1965) tarafindan bildirilen metod kulla-
nilarak belirlendi. 0.4 mL ekstrakta, 2 mL Folin-Ciocalteu
ajan1 (%10) ilave edildi. Daha sonra elde edilen karigima 1.6
mL sodyum karbonat ¢ozeltisi (%7.5°1ik) eklenerek karigtiri-
lip oda sicakliginda bir saat bekletildi. Siire sonunda spektro-
fotometrede 765 nm’de okumasi yapildi. Sonuglar mg gallik
asit esdegeri/kg (mg GAE/kg) olarak ifade edildi (y=0.0103x
+0.0237, R*=0.996).

Toplam Flavonoid Madde Analizi

Kabuk ekstraktlarinin toplam flavonoid madde miktari, Zhis-
hen ve ark. (1999), tarafindan bildirilen yontemde bazi modi-
fikasyonlar yapilarak belirlenmistir. 1 mL ekstrakt iizerine 5
mL saf su ve 0.3 mL NaNO; (%5) ¢ozeltisi eklenip 5 dk in-
kiibe edilmistir. Ardindan 0.3 mL AICls (%10) ilave edilerek
5 dk daha inkiibe edildikten sonra karigima 2 mL. 1 M NaOH
eklendi ve saf suyla 10 mL’ye tamamlanarak 510 nm dalga
boyunda spektrofotometrede okumasi yapildi. Sonuglar mg
katesin esdegeri’kg (mg KA/kg) olarak ifade edildi
(y=0.0035x + 0.0509, R*=0.9992).

DPPH

Orneklerin DPPH radikali séniimleme aktivitesi Pyo ve ark.
(2004), tarafindan bildirilen yontem modifiye edilerek kulla-
nilmustir. 0.1 mL ekstrakt iizerine 3.9 mL DPPH c¢ozeltisi
(0.025 g/L metanol) eklenip karistirildiktan sonra oda kosul-
larinda bir saat boyunca karanlikta bekletilip 515 nm’de
spektrofotometre ile absorbansi 6l¢iildii. Sonuglar troloks es-
degeri (mmol Trolox eq./g) olarak ifade edildi (y=0.1082x +
0.4997, R>=0.9997).

Bireysel Fenolik Madde Icerigi

Elma kabugu ekstraktlarinin fenolik madde iceriginin tespiti
Colaric ve ark. (2005)’e ait yonteme bazi modifikasyonlar ya-
pilarak kullanildi. Ekstraktlar 0.45 um PVDF filtreden geci-
rildikten sonra HPLC cihazi ile analiz edildi. Caligmada Shi-
madzu marka LC-20 AD pompa, SPD-M20A model DAD
dedektor ve CTO-10AS VP model kolon firinindan olusan
yliksek basing s1vi kromatografisi kullanildi. Fenolik bilesen-
lerin tespiti, Waters Symetry C18 (250x4 mm ID, partikiil bii-
yukligi 5 um) kolonu (Waters, ABD) ile 1 mL/ dk’lik akis
hizinda 25 °C'de gergeklestirildi. Mobil faz olarak % 2 asetik
asitli su (A) ve % 0.5 asetik asit: asetonitril (1: 1, v/v; B) kul-
lanildi. Gradyan programi: 0. dk % 90 A, 50. dk % 45 A, 60.
dk % 0 A olarak belirlendi. Flavan-3-oller 280 nm’de, hid-
roksisinamik asitler 320 nm’de ve flavonoller 360 nm'de be-
lirlendi.

Istatistiksel Analizler

Verilerin ortalama ve standart sapmasi SPSS istatistik prog-
rami (siiriim 20.0) kullanilarak verilmistir. Ornekler arasin-
daki farkliliklarin belirlenmesi i¢in Duncan c¢oklu karsilas-
tirma testi uygulanmustir.

Bulgular ve Tartisma

Elma Kabuklarimin Toplam Fenolik Madde, Toplam
Flavonoid Miktart ve Antioksidan Aktivitesi

Cogu meyvede kabuk, meyveye aromasinit veren ugucu bile-
siklerin renk maddelerinin ve fenolik bilesikler gibi diger bir-
cok besin 0gesini en yiiksek oranda igeren kati kisimdir (de
Torres ve ark., 2010). Farkli yontemler ve siirelerde elma ka-
bugundan ekstrakte edilen toplam fenolik madde miktar1 Se-
kil 1’de verilmistir. Her iki ekstraksiyon yonteminde artan
ekstraksiyon siiresi ile toplam fenolik madde miktar1 artmistir
(p<0.05). Ugurlu ve Bakkalbas1 (2023), ultrases destekli ve
konvansiyonel yontemle ekstraksiyonda yesil cevizden ekst-
rakte edilen toplam fenolik madde miktarinin artan ekstraksi-
yon siiresi ile arttigini bildirmislerdir. Caligmamizda ultrases
destekli ekstraksiyonla 45. dakikada elde edilen toplam feno-
lik madde miktar1 (2021.83 mgGAE/kg) konvansiyonel yon-
temle 90. dakikada elde edilen fenolik madde miktarlarindan
(1848.50 mgGAE/kg) daha yiiksek bulunmustur. Benzer du-
rum elma posasindan ultrases destekli ve konvansiyonel ekst-
raksiyon yontemleri ile elde edilen ekstraktlarin toplam feno-
lik madde miktarinda da tespit edilmistir (Virot ve ark.,
2010). Bir diger calismada da kirmizi iiztimde klasik yonteme
kiyasla ultrases destekli ekstraksiyonla daha kisa siirede daha
yiiksek toplam fenolik madde miktar1 elde edildigi bildiril-
mistir (Carrera ve ark., 2012). Sonug olarak caligmamizda
ultrases destekli ekstraksiyon ile 45. dakikada elde edilen top-
lam fenolik madde miktarlarinin ayni siiredeki konvansiyonel
ekstraksiyona kiyasla daha fazla oldugu tespit edilmistir.

Elma kabugundan ekstrakte edilen toplam flavonoid madde
miktarlarina ait sonuglar Sekil 2’de verilmistir. Ultrases des-
tekli ekstraksiyonda artan ekstraksiyon siiresi ile toplam fla-
vonoid madde miktar1 30. dakikaya kadar artmis 45. dakikada
ise azalmistir. Ancak bu azalma istatistiksel olarak dnemsiz
bulunmustur (p>0.05). Benzer durum elma piiresinden iki
farkli ultrases genligi (% 50 ve 70) ile farkli siirelerde (5, 10,
15 ve 20 dk) toplam flavonoid madde ekstraksiyonunda da
gbzlenmistir. Her iki ultrases genliginde de ekstraksiyon sii-
resinin 15. dakikasina kadar toplam flavonoid madde mikta-
rinin arttig1 20. dakikada ise azaldigi bildirilmigtir (Egiiés ve
ark., 2021). Benzer bir durum Terminalia catappa L yapra-
ginda ultrases ile farkl: siirelerde (20, 40 ve 60 dk) ekstraksi-
yonun yapildig1 ¢caligmada da tespit edilmistir. 40. dakikaya

343



344

Research Article

Food Health 9(4), 341-349 (2023) e https://doi.org/10.3153/FH23031

kadar toplam flavonoid madde miktarinin arttig1 60. dakikada
ise azaldig1 bildirilmistir (Annegowda ve ark., 2010). Bu du-
rumun biyoaktif bilesenlerin uzun siireli sonikasyonda parga-
lanmasindan kaynaklanabilecegi bildirilmistir (Annegowda
ve ark., 2010). Calismamizda konvansiyonel yontemde ise ar-
tan ekstraksiyon siiresi ile toplam flavonoid madde miktari
stirekli bir artig gostermistir (p<0.05), ultrases destekli ekst-
raksiyonda oldugu gibi azalma meydana gelmemistir. Ultra-
ses destekli ekstraksiyonda 30. dakikada elde edilen toplam
flavonoid madde miktar1 (569.58 mg KA/kg) konvansiyonel
yontemle 90. dakikada elde edilen flavonoid madde miktar
(571.03 mg KA/kg) ile benzer diizeyde bulundu. Kirmiz ej-
der meyvesi kabugundan (Hylocereus polyrhizus) ultrases
destekli ektraksiyon ile elde edilen toplam flavonoid madde
miktarinin konvansiyonel yontemle elde edilen toplam flavo-
noid madde miktarindan daha yiiksek bulundugu bildirilmis-
tir (Ramli ve ark., 2014). Bir diger calismada da red araga
meyve kabugundan (Psidium cattleainum Sabine) fenolik
maddelerin ekstraksiyonunda benzer durum goézlenmis olup
konvansiyonel yonteme kiyasla ultrases destekli ekstraksiyon
ile daha ytiksek toplam fenolik madde ve toplam flavonoid
madde elde edildigi bildirilmistir (Meregalli ve ark., 2020).

Elma kabugundan elde edilen ekstraktlarin antioksidan akti-
vite degerleri (DPPH) Sekil 3’te verilmistir. Her iki ekstrak-
siyon yonteminde artan ekstraksiyon siiresi ile DPPH degeri
artmistir (p<0.05). Farkli mandalina kabuklarinin ultrases
destekli ekstraksiyonunda artan ekstraksiyon siiresi ile (5, 15
ve 30 dk) DPPH yontemi ile belirlenen antioksidan aktivite
degerlerinin artig1 bildirilmistir (Anticona ve ark., 2021). Ca-
lismamizda ultrases destekli ekstraksiyonla 30. dakikada elde
edilen DPPH degeri (10.51 mmol Trolox eq./g) bile konvan-
siyonel yontemle 90. dakikada elde edilen DPPH miktarlarin-
dan (9.70 mmol Trolox eq./g) daha yiiksek bulunmustur
(p<0.05). Ultrases destekli ekstraksiyonun 15. ve 30. dakika-
larindaki antioksidan aktivite degerleri konvansiyonel yon-
temle elde edilen antioksidan aktivite degerlerinin yaklasik
60. ve 90. dakikalarina denk geldigi ya da daha yiiksek ol-
dugu tespit edilmistir. Sonug olarak, ekstraktta istenen anti-
oksidan aktivite degerine ulagabilmek icin ultrases destekli
ekstraksiyon konvansiyonel yonteme kiyasla ekstraksiyon
stiresini yaklagik olarak %50 azaltabildigi tespit edilmistir.
Ciriguela (Spondias purpurea L.) kabugundan farkli ekstrak-
siyon yontemleri (ultrases, mikrodalga ve konvansiyonel)
kullanilarak biyoaktif bilesiklerin elde edildigi ¢aligmada ult-
rases destekli ekstraksiyon ile daha yiiksek toplam fenolik
madde ve antioksidan aktivite elde edildigi bildirilmistir
(Junior ve ark., 2021). Benzer durum siyah akasya (Robiniae
pseudoacaciae) gigeklerinden fenolik bilesiklerin farkli ekst-
raksiyon yontemlerinin (ultrases, soxhlet ve maserasyon) kul-
lanildig1 calismada da g6zlenmis olup, daha kisa ekstraksiyon

siiresi ile ultrases destekli ekstraksiyonda toplam fenolik
maddenin daha yiiksek oldugu ve daha iyi antioksidan akti-
vite verdigi bildirilmistir (Gajic ve ark., 2019).

Elma Kabuklarimin Fenolik Madde Icerigi

Fenolik asitler, flavan 3-oller ve flavonoidler gidanin tadina
ve rengine katkida bulunan ve ayrica saglik lizerine olumlu
etkileri olan bilesen gruplaridir (Mcsweeney ve Seetharaman,
2015). Elma kabugundan elde edilen ekstraktlarda katesin,
epikatesin, prosiyanidin B1, prosiyanidin B2, prosiyanidin
Cl1, klorojenik asit ve rutin tespit edildi ve bunlarin ekstrakt-
lardaki icerikleri Tablo 1’de verildi. Her iki ekstraksiyon yon-
teminde de tespit edilen tiim fenoliklerin ekstraktlardaki ice-
rikleri artan ekstraksiyon siiresi ile artarken (p<0.05), rutin
miktar1 ultrases destekli ekstraksiyonda 30. dakikadan sonra
azalmigstir. Ultrases destekli ekstraksiyonda 6zellikle 30. ve
45. dakikada elde edilen fenolik maddelerin miktari, katesin
ve rutin hari¢, konvansiyonel yontemle elde edilen fenolik
maddelerden daha yiiksek bulunmustur. Bu da ultrases des-
tekli ekstraksiyonun konvansiyonel yonteme kiyasla daha
yiiksek bir ekstraksiyon etkisine sahip oldugunu gostermek-
tedir. Calismamizda ultrases destekli ektstraksiyonla 45. da-
kikada elde edilen katesin miktar1 konvansiyonel yontemle
75. ve 90. dakikalarda elde edilen katesin miktarlar1 ile ben-
zer bulunmustur (p>0.05). Ultrases ile 45. dakikada elde edi-
len ekstrakttaki klorojenik asit miktar1 30. dakikada elde edi-
len degere kiyasla az miktarda yiiksektir ancak bu fark ista-
tistik olarak dnemsizdir (p>0.05). Ultraseste 30 ve 45. daki-
kalarda elde edilen klorojenik asit miktarlar1 ile konvansiyo-
nel yontemde 90. dk da elde edilen klorojenik asit miktarlar1
da benzer diizeydedir (p>0.05). Ayrica rutin miktarinda da
ultrases destekli ekstraksiyonla 45. dakikada azalma mey-
dana gelmis ve 30. dakikaya kiyasla bu azalma istatistiksel
olarak 6nemsiz bulunmustur (p>0.05). Benzer durum ultrases
destekli ekstraksiyon ile yesil cevizlerden fenolik maddelerin
ekstraksiyonunun yapildig: farkli bir ¢aligmada da tespit edil-
migtir. Ultrases destekli ekstraksiyon ile juglon, gallik asit,
neoklorojenik asit ve rutin miktarlarmin 50. dakikaya kadar
artt1g1 60. dakikada ise azaldig1 bildirilmistir (Ugurlu ve Bak-
kalbasi, 2023). Calismamizda ultrases destekli ekstraksiyon
uygulanarak elde edilen prosiyanidin C1, katesin ve kloroje-
nik asit bilesiklerinin sirasiyla 30, 45 ve 30-45. dakikalardaki
miktarlar1 konvansiyonel yontemle elde edilen prosiyanidin
Cl1, katesin ve klorojenik asit miktarlariin yaklagik olarak
90. dakikasina denk gelmistir. Ayrica ultrases destekli ekst-
raksiyon ile elde edilen epikatesin, prosiyanidin B1 ve prosi-
yanidin B2 bilesiklerinin 45. dakikadaki miktarlarinin kon-
vansiyonel ekstraksiyon ile elde edilen 90. dakikadaki mik-
tarlarindan daha yiiksek bulunmusken, rutin miktar1 ise daha
disiik bulunmustur. Bioaktif bilesenlerin ekstraksiyonunda
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ultrases destekli ekstraksiyonun konvansiyonel ekstraksiyona
gore daha etkili olmasina ait benzer durum zerdecaldan kur-
kumin ve sinnamik asit eldesinde de tespit edilmistir (Yang
ve ark., 2020). Portakal kabuklarindan fenoliklerin ekstrakte
edildigi ¢alismada, ultrases destekli ekstraksiyon ile elde edi-

Tablo 1. Elma kabugu ekstraktlarinin fenolik madde igerigi (mg/kg)

Table 1. Phenolic substance content of apple peel extracts (mg/kg)

Siire
(dk)
15
Ultrases 30
45

15
30
Konvansiyonel 45
60
75
90

Ekstraksiyon

Yontemi

Katesin

7.44 +£0.34B
14.70 £2.25%
15.23 £2.10%4

7.06 £0.63°C
8.96 +£0.18<C
9.14 £0.145C
11.50 £0.00°8
15.51 £0.39*A
15.80 £0.29%A

Epikatesin

35.39 £2.24<¢
85.16 +1.24%8
107.54 £1.9224

25.58 £0.79P
36.85 £2.47C
37.83 £2.53C
60.26 +£0.4598
63.69 +£0.40%8
72.58 £0.58°A

Prosiyanidin
B1

9.03 +£0.02"¢
29.91 £0.34%8
34.52 £0.44%A

8.15 £0.14F
11.06 £0.03¢F
13.41 £0.08™
18.67 £0.13C
20.33 £0.2198
22.19 £0.22°A

Prosiyanidin
B2
24.02 £0.592¢
82.63 £1.00B
118.59 £1.26%4

30.89 +£1.02F
58.05 £0.57°P
68.29 +£0.614¢
83.65 +£2.31°B
85.70 £1.77°B
90.57 £1.49°%A

Prosiyanidin
C1

11.08 £0.14C
18.99 +£0.33%8
42.95 £2.52%4

5.08 £0.034C
9.85+0.17°B
10.49 £0.00°B
17.60 £0.20°
18.52 £1.11%
18.87 £1.41%

Research Article

Klorojenik
Asit
34.31 £0.61°B
46.80 £1.1224
47.38 £3.29%

32.50 £3.04C
37.35 £3.18BC

39.35 £1.72b¢ABC
42.80 £3.4420AB
43.43 £5.462AB

46.75 £0.36**

len naringin ve hesperidin miktarlarinin, kovansiyonel yon-
tem ile elde edilen miktarlarindan daha yiiksek oldugu bildi-
rilmistir (Khan ve ark., 2010). Benzer sonuglar patates kabu-
gundan da klorojenik asit ve kafeik asit eldesinde de bildiril-
mistir (Kumari ve ark., 2017).

Rutin

14.31 £0.14C
113.50 +£0.88"8
110.71 £0.58%

46.10 £5.13¢F
54.11 £0.41
73.29 £0.00°P
84.27 +£0.974C
91.50 +£3.49B
143.36 £0.22°4

Degerler ortalama+standart sapma seklinde verilmistir. Kiigiik harfler ayni siitundaki tiim 6rnekler arasindaki farki, biiylik harfler ayni
ekstraksiyon yontemi uygulanan 6rneklerin ekstraksiyon siireleri arasindaki farki gostermektedir (p<0.05).

2500
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| ‘\ ‘|
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Kiigiik harfler tiim 6rnekler arasindaki farki, biiyiik harfler ayn1 ekstraksiyon yontemi
uygulanan 6rneklerin ekstraksiyon siireleri arasindaki farki gostermektedir (U: Ultrases,

K: Konvansiyonel).

Sekil 1. Ultrases destekli ekstraksiyon ve konvansiyonel ekstraksiyon ile farkl
siirelerde elde edilen ekstraktlarin toplam fenolik miktarlarindaki degisimi.

Figure 1. The change in the total phenolic content of extracts obtained by ultrasound
assisted extraction and conventional extraction at different time intervals
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Kiiciik harfler tiim 6rnekler arasindaki farki, biiyiik harfler ayni ekstraksiyon yontemi uygulanan
orneklerin ekstraksiyon siireleri arasindaki fark: gostermektedir (U: Ultrases, K: Konvansiyonel).

Sekil 2. Ultrases destekli ekstraksiyon ve konvansiyonel ekstraksiyon ile farkli
siirelerde elde edilen ekstraktlarin toplam flavonoid madde miktarlarindaki
degisimi

Figure 2. The change in the total flavonoid content of extracts obtained by ultrasound

assisted extraction and conventional extraction at different time intervals
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Kiiciik harfler tiim 6rnekler arasindaki farki, biiyiik harfler ayni ekstraksiyon yontemi uygulanan
orneklerin ekstraksiyon siireleri arasindaki farki gostermektedir (U: Ultrases, K: Konvansiyonel).

Sekil 3. Ultrases destekli ekstraksiyon ve konvansiyonel ekstraksiyon ile farkl
stirelerde elde edilen ekstraktlarin antioksidan degerlerindeki degisimi

Figure 3. The change in the antioxidant values of extracts obtained by ultrasound assisted
extraction and conventional extraction at different time intervals
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Sonug¢

Elma kabuklar1 genellikle islenmis elma iiriinlerinin tireti-
minde ortaya ¢ikmakta ve yliksek katma degerli tirtinlere do-
niistiiriilmeyip atilmaktadir. Buna karsin elma kabuklar1 fazla
miktarda biyoaktif bilesiklere ve yiiksek diizeyde antioksidan
aktiviteye sahiptirler. Bu ¢alismada farkli ekstraksiyon yon-
temlerinin (ultrases ve konvansiyonel) elma kabugundan
ekstrakte edilen biyoaktif bilesen miktar1 ve antioksidan akti-
vite lizerine etkileri incelenmistir. Her iki ekstraksiyon yon-
teminde artan ekstraksiyon siiresi ile toplam fenolik madde
ve antioksidan aktive degerlerinin arttig1 tespit edilmistir.
Ultrases destekli ekstraksiyon ile ekstrakte edilen toplam fe-
nolik madde, toplam flavonoid madde ve antioksidan aktive
degerlerinin konvansiyonel yonteme kiyasla daha yiiksek ol-
dugu bulunmustur. Elmadan elde edilen ekstraktlarin katesin,
epikatesin, prosiyanidin B1, B2 ve Cl1 ile klorojenik asit ve
rutin gibi saglik acisinda onemli bioaktif fenolik bilesikler
icerdigi ve bunlarin ekstrakttaki miktarlarinin artan ekstrak-
siyon siiresi ile arttig1 tespit edilmistir. Sadece toplam flavo-
noid madde ve rutin bilesiginin miktarlarinin ultrasonik ekst-
raksiyonda 30. dakikadan sonra bir miktar azaldig tespit edil-
mistir. Sonuglar, elma kabugunun insan sagligi agisindan fay-
dali bilesikler igerdigi ve fonksiyonel bir gida veya katma de-
gerli bir bilesen iiretimi i¢in potansiyel ve dnemli bir kaynak
oldugunu ayrica konvansiyonel yonteme alternatif olarak ult-
rases destekli ekstraksiyon yonteminin kullanilmasi ile daha
kisa stirede ve daha yiiksek verimde bu bilesenlerin elde edi-
lip kullanilabilecegini gostermektedir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.

Veri erisilebilirligi: Veriler istek iizerine saglanacaktir.
Finansal destek: -

Tesekkiir: -

Aciklama: -
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0z

Melanoidinler, gidanin 1s1l iglemi sirasinda meydana gelen maillard reaksiyonunun son asamala-
rinda olusan indirgen sekerler ve proteinler veya amino asitlerden tiretilen kahverengi, yiiksek mo-
lekiiler agirlikli bilesiklerdir. Beslenmemizde melanoidinlerin baslica kaynagi ekmek ve unlu ma-
mullerdir. Melanoidinlerin kimyasal yapilari tam olarak bilinmemekle birlikte diyetle giinliik yak-
lasik 10 g alindig1 tahmin edilmektedir. Melanoidinler olustuklar1 gidanin bilesimine bagl olarak
melanosakkaritler (kahve, bira ve kakao) ve melanoproteinler (ekmek ve unlu mamuller) seklinde
bulunur. Besinlerde melanoidinlerin olugumu iiriiniin bilegimi, 1s1l iglem siiresi ve sicakligi, pH
degeri, su igerigi ve reaktanlarin aktivitesi gibi kosullara baghdir. Melanoidinlerin insan saglig1
iizerinde; prebiyotik, antioksidan, antimikrobiyal, antikarsinojenik, antihipertansif, ksenobiyotik
enzim aktivitesi, istah ve enerji alimini diizenleme gibi birgok faydali etkileri bulunmaktadir. Me-
lanoidinler gastrointestinal sistemde, bifidobakterilerin biiylimesini saglayarak diyet posasi olarak
da davranirlar. Ayrica, melanoidinler gidalarin doku ve lezzetine katki saglayarak gidanin kalite-
sini koruyabilir. Bu derleme yazinin amaci; melanoidinlerin olugumunu, etki mekanizmasi, besin-
lerdeki miktarlar1 ve insan sagligi {izerine olasi etkilerini incelemektir.

Anahtar Kelimeler: Melanoidinler, Saglik, Antioksidanlar, Prebiyotikler
ABSTRACT

Formation of melanoidins in foods and effects on health

Melanoidins are brown, high molecular weight compounds generated in the late stages of the
Maillard reaction from reducing sugars and proteins or amino acids during thermal food proces-
sing. The primary source of melanoidin is bread and bakery products in the diet. Although the
chemical structures of melanoidins are not precisely known, the daily dietary intake is estimated
at approximately 10 g. Melanoidins exist as monosaccharides (coffee, beer, and cocoa) and me-
lanoproteins (bread and bakery products), depending on the food composition they form. The
formation of melanoidins in foods depends on conditions such as composition of products, heat
treatment time and temperature, pH, water and activity of reactants. Melanoidins have many be-
neficial effects on health, such as prebiotic, antioxidant, antimicrobial, anticarcinogenic, antihy-
pertensive, xenobiotic enzyme activity, appetite regulation, and energy intake. In the gastrointes-
tinal tract, melanoidins behave as dietary fibre by promoting the growth of bifidobacteria. In ad-
dition, melanoidins can preserve the quality of food by contributing to the texture and flavour of
food. This review examines the formation, amount of food, mechanism of action and effects on
human health of melanoidins.

Keywords: Melanoidins, Health, Antioxidants, Prebiotics
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Giris

Gida iirtinleri isleme, pisirme veya depolama sirasinda 1sil is-
leme tabi tutulur ve tiiketiciler tarafindan kabul edilebilirligi
artiran aroma, renk ve tattan sorumlu bir dizi doniisim ger-
¢eklesir. Bu doniisiimlerden biri, ilk kez 1912'de tanimlanan
Fransiz kimyager Louis Maillard'in adini tasiyan Maillard re-
aksiyonudur. Maillard reaksiyonu, indirgeyici sekerler ve
amino asitler gibi karbonil ve amino bilesikleri igeren karma-
sik bir reaksiyonlar agidir (Maillard, 1912). Maillard reaksi-
yonunun ilk agamasinda amadori {iriinleri, ikinci agamasinda
akrilamid, hidroksimetilfurfural, strecker aldehitleri veya pi-
razinler gibi ara {iriinler olusurken son asamada melanoidin-
ler olusmaktadir (Hodge, 1953). Melanoidinler, termal olarak
islenmis gidalarda yaygin olarak bulunan, nitrojen igeren, an-
yonik, polimerik, yiiksek molekiiler agirlikli kahverengi bile-
siklerdir (Morales, 2002). Molekiil agirliklari 1sitma siiresi ve
derecesine bagli olarak birka¢ kDa’dan 100 kDa'ya kadar de-
giskenlik gosterir. Melanoidinler oldukca hidrofiliktir ve ge-
nellikle negatif yiiklidir (Wang ve ark., 2011). Melanoidin-
lerin ¢Oziiniirliigli, reaktanlarin dogasina ve polimerin boyu-
tuna bagl olup ¢ok yiiksek molekiiler agirliga sahip olan me-
lanoidinler genellikle ¢éziinmezler (Morales ve ark., 2012).
Melanoidinlerin kimyasal yapilari, reaksiyonda {iretilen
iirlinlerin karmasiklig1 nedeniyle biiyiik dl¢iide bilinmemek-
tedir (Kim ve Lee, 2008). Fakat model sistemlerde ve gida-
larda birkac 6n ¢aligma yapilarak yiiksek molekiiler agirlikli
melanoidin yapilari incelenmistir. Termal bozunmadan sonra
elde edilen melanoidinler, esas olarak karbonil bilesikler, pi-
roller, pirazinler ve piridinlerin eslik ettigi furanlardan olus-
maktadir (Wang ve ark., 2011). Melanoidinler, yapisindaki
bilesenlere gdre melanosakkaritler ve melanoproteinler ol-
mak tizere iki sinifa ayrilir. Melanosakkaritler; amino asitler
ve polisakkaritlerin reaksiyonundan olusur, genellikle negatif
yiklidiir, suda oldukca ¢oziiniirdiir, diisitk molekiiler agir-
likl1 molekiillerden olusur ve en ¢ok kahve, bira ve kakaoda
bulunur. Melanoproteinler; proteinlerin ve sekerlerin ¢apraz
baglanmasindan elde edilir ve biiyiik 6l¢iide ¢oziinmeyen,
son derece yliksek molekiiler agirlikli molekiillerden olusur
ve en ¢ok ekmek, unlu mamuller ve kahvaltilik gevreklerde
bulunur (Sharma ve ark., 2021). Melanoidinlerin, sik tiiketi-
len gidalardaki yiiksek icerigi nedeniyle diyetle giinliik alim1
Ispanya’da 12.2 g/kisi/giin (Pastoriza ve Rufian-Henares,
2014), Brezilya’da 10.7 g/kisi/gilin (Alves ve ark., 2020) ola-
rak hesaplanmistir ve melanoidin alimina en biiyiik katki
kahve, ekmek ve biradan gelmektedir. Bu nedenle melanoi-
dinlerin insan sagligina olas1 yararlarim veya risklerini bil-
mek olduk¢a dnemlidir. Melanoidinlere prebiyotik, antioksi-
datif, antimikrobiyal, antihipertansif aktivite, ksenobiyotik
enzim aktivitesi, anjiyotensin I doniistiiriicii enzime kars1 in-
hibitor aktivite gibi birgok farkli biyolojik etki atfedilmistir

(Morales ve ark., 2012; Wang ve ark., 2011). Bu derleme ya-
zinin amact; melanoidinlerin olusumu, etki mekanizmasi ve
insan sagligina etkilerini incelemektir.

Besinlerde Melanoidinlerin Olusumu ve Tayini

Besinlerde melanoidinlerin olusumu f{iriinlerin bilesimi
(amino asit veya seker tipi), 1sitma siiresi, sicakligi, pH de-
geri, su icerigi ve reaktanlarin aktivitesi gibi kosullara bagli-
dir (Wang ve ark., 2011). Melanoidinlerin olusumu ile ilgili
bir¢ok teori ortaya atilmistir ve olusum {i¢ asamada sematize
edilmistir (Sekil 1). ilk asamada ¢ogunlukla Amadori iiriinleri
olmak {izere baglangi¢ asamasi bilesikleri olusur. Maillard re-
aksiyonunda aldozlarin karbonil grubu ile amino asitin ser-
best amino grubu bir yogunlastirma reaksiyonuna girer ve
azot igerikli aldozil amin olusur. Aldozil amin, 1-amino-1-
deoksi 2-ketoza doniisiir. Ikinci asamada; aldozil amin, asidik
kosullarda Schiff bazi olusturur, amadori bilesiginde pentoz-
lardan furfural ve heksozlardan ise 5-hidroksimetil furfural
olusur. Alkali kosullarda asetol, piruvataldehit ve diasetil gibi
fizyon bilesikleri olusur. Son asamada, strecker degradas-
yonu meydana gelerek karbonil gruplar ile serbest amino
gruplar1 aldehitleri olusturur. Aldehitler kahverengi bilesik-
leri olusturmak i¢in reaksiyona girer ve amino asitler ile doy-
mamig karbonil bilesikler melanoidinleri olusturur (Shaheen
ve ark., 2022).

Besinlerde melanoidinlerin olusumu ile ilgili saglikli melano-
idinler tiretmek ve tiikketmek i¢in farkli yaklagimlar 6ne siiriil-
mistiir (Shaheen ve ark., 2022). Bunlar;

1. Kanserojen madde olusumuna ve serbest fenolikleri azal-
tarak siipiirme kapasitesinde bir diisiise yol agtigindan, pi-
sirme sicakliklar1 250°C’nin iizerine ¢ikarilmamalidir.

2. Maillard reaksiyonunu hizlandirdigindan ve mutajenlerin
olusumuna yol agtigindan yiiksek konsantrasyonlarda igi-
lebilir alkol ile yemek pisirilmemelidir.

3. Alkali sulu ortamda (pH 7.0-9.0) glikoz ile ¢ig et ve balik-
taki yiiksek kreatin seviyelerinden elde edilen amino asit-
ler 6nemli miktarlarda mutajenik madde i¢erdiginden mu-
tajenik madde olusumu engellenmelidir.

4. Diger besin maddelerini korumak i¢in melanoidin olusu-
munu etkileyen faktorler (sicaklik, sekerler/amino asit tipi
ve seviyesi, pH) optimize edilmelidir.

5. Heterosiklik aminlerin alimini ve koétii tatlarin olusumunu
azaltmak i¢in pigirme sirasinda maillard reaksiyonu olu-
sumu azaltilmalidir.

6. Melanoidinlerin agir1 tiikketimi, enzimlerin 6zelliklerini ve
peptidik kdkenli hormonlar kaybedebilir ve immiinolojik
davraniglarini degistirebilir. Bu nedenle melanoidin kay-
naklarmin agin tiikketiminden kaginilmalidir.
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Gidalarda Isil Islem

Maillard Reaksiyonu

Melanoidinler

%660

%15

— Ekmek ve Unlu Mamuller ® Kahve = Digerleri
Aldoz Amino Bien : "
seker bilesikler N- substitiie aldozilamin
Amadori diizenlemesi iiriinii (1-amino-1-deoksi-2-ketoz)
pH>7 pH>7 pH<7
Fizyon Bilesikler Rediiktonlar HMF veya Furfural
Schiff Bazi
I Dehidrorediiktonlar
Aldehidler - HMF veya Furfural
Aldoller
Amino icermeyen polimerler
+amino +amino +amino

MELANOIDINLER (kahverengi azotlu polimerler)

Sekil 1. Besinlerde melanoidinlerin olusumu (HMF; hidroksimetil furfural)

Figure 1. Formation of melanoidins in foods (HMF; hydroxymethyl furfural)

Kahve ve unlu mamuller, diyet melanoidinlerinin ana kay-
naklarmi temsil eder. Diger melanoidin kaynaklari arasinda
ise kakao, bira, 1zgara et, balzamik sirke, sarap ve islenmis
domates yer almaktadir (Morales ve ark., 2012). Tablo 1°de
bazi besinler ve i¢erdikleri melanoidin miktarlari verilmistir.
Kahve melanoidin kaynaklar1 arasinda en yaygin sekilde
arastirilan gida tirliniidiir. Kahvenin kuru maddesi demlenmis
kahvenin yaklasik %25'ini olusturur ve bu i¢ecegin viskozi-
tesinin yani sira kahvenin belirli organoleptik 6zelliklerinin
bir kismindan melanoidinler sorumludurlar. Melanoidinlerin

bilesimi, kahvede bulunan polisakkaritlere (galaktomannan-
lar ve arabinogalaktanlar), amino asitlere, proteinlere ve fe-
nolik bilesiklere (klorojenik, kafeik veya ferulik asitler) bag-
lidir. Diisiik molekiiler agirlikli melanoidinler, tiim kahve
melanoidinlerinin %41'ini ve yiiksek molekiiler agirlikli me-
lanoidinler %59’unu olusturur (Nunes ve Coimbra, 2010).
Kahve ¢ekirdeklerinin kavrulmasi kahve melanoidinlerinin
olusumunda 6nemli bir rol oynar. Kahve ne kadar ¢ok kavru-
lursa yiiksek molekiiler agirlikli melanoidinlerin miktari o ka-
dar artar (Borrelli ve ark., 2002). Kahve ile ilgili olarak, en
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yliksek melanoidin miktar1 ¢6ziinebilir kahvede bulunmakta-
dir (Tablo 1). Orta (960 mL/giin) ve yiiksek diizeyde (1440
mL/giin) kahve tiiketen bireylerde giinliik melanoidin alimi
sirastyla 0.5 ile 2.0 g arasinda degismektedir (Fogliano ve
Morales, 2011). Unlu mamullerdeki melanoidinler, renkli
maillard reaksiyon {irlinleri ile gapraz baglanan gluten prote-
inleri tarafindan olusturulur. Melanoidinler unlu mamullerin
tad, renk ve doku 6zelliklerini etkiler ve antioksidan aktivite-
leri ile raf émriinii uzatir. Unlu mamullerde melanoidinler
agirlikli olarak ekmek kabuklarinda bulunurken, biskiivilerde
iiriiniin tamaminda bulunur (Manzocco ve ark., 2000). Ekmek
kabugundaki melanoidin miktari, ekmegin tiiriine baglh ola-
rak 100 g kabukta 14 ile 30 g arasinda degisirken, biitiin ek-
mekte 100 g'da 4.4 g'a kadar diismektedir (Fogliano ve
Morales, 2011; Pastoriza ve Rufian-Henares, 2014). Unlu
mamullerde en yiiksek melanoidin miktar1 eksi mayali ekmek
tiriinde ve kahvaltilik gevreklerde bulunmaktadir (Tablo 1).
Ekmek melanoidinleri suda ¢oziinmezler, bu nedenle yal-
nizca kapsamli enzimatik sindirimden sonra verimli bir se-
kilde ekstrakte edilebilirler (Borrelli ve ark., 2003).

Gida melanoidinlerinin izolasyonu ve saflastirilmasi igin
farkli prosediirler uygulanmaktadir. Melanoidinlerin molekii-
ler agirhiginin tahmini, ultrafiltrasyon veya diyaliz, kiitle
spektrometrisi ve farkli kesme boyutlarina sahip membranlar
araciligiyla santrifiijleme yoluyla gerceklestirilir. Giinii-
miizde en yaygin olarak kullanilan yontem; 3, 5 veya 10
kDa'da bir molekiiler agirlik kesme boyutlarina sahip memb-
ranlar ile ultrafiltrasyon tekniklerinin kullanilmasini igerir.
Filtrasyondan sonra melanoidin fraksiyonlar liyofilize edilir
ve igerikleri, ilk gidanin kuru madde agirligina orantilanarak
ifade edilir. Bu yaklagim, yiiksek molekiiler agirlikli bilesigin
diger yiiksek molekiiler agirlikli bilesikleri (reaksiyona gir-
memis polisakkaritler, lif veya proteinler gibi) icermesi anla-
minda sinirhidir. Bu durum, gidadaki melanoidin iceriginin
tahmini hakkinda kesin bir sonuca engel olmakla birlikte bu-
giine kadar gida melanoidinlerinin tahmininde kullanilan en
iyl yontem budur (Borrelli ve ark., 2003; Tagliazucchi ve
Bellesia, 2015).

Melanoidinlerin Saghk Etkileri

Melanoidinlerden zengin yiyecek ve i¢eceklerin tiikketimin-
den sonra, bu tiir bilesikler mide ve bagirsak liimeninde ytik-
sek konsantrasyonlarda bulunabilir (Tagliazucchi ve
Bellesia, 2015). Siganlarda oral olarak verilen yiiksek mole-
kiiler agirlikli melanoidinlerin (>10 kDa) %70-90"1 disk1 ve
idrarla atilip sadece %1-5'i emilmistir (Finot ve Magnenat,
1981). Diisiik molekiiler agirlikli melanoidinler ise %30 ora-
ninda emilmektedir (Delgado-Andrade, 2014). Bu nedenle
melanoidinlerin insan sagligina olasi yararlarimi veya riskle-
rini bilmek olduk¢a 6nemlidir. Melanoidinlere prebiyotik,

antioksidatif, antimikrobiyal, antihipertansif aktivite, antikar-
sinojenik, ksenobiyotik enzim aktivitesi, anjiyotensin I do-
niistiirlicii enzime kars1 inhibitor aktivite gibi bir¢ok farkli bi-
yolojik etki atfedilmistir (Langner ve ark., 2011, Morales ve
ark., 2012, Shaheen ve ark., 2022, Wang ve ark., 2011).

Tablo 1. Bazi besinlerin melanoidin igerikleri

Table 1. Melanoidin content of some foods

Melanoidin
Besinler Miktar: Kaynak
(g/100g)
Beyaz ekmek 10-12.5 (Alves ve ark., 2020)
Tam bugday 10-12.2 (Alves ve ark., 2020)
ekmegi
Eksi mayali ekmek 28-32 (Fogliano ve Morales, 2011)
Misir ekmegi 4.8-7.2 (Alves ve ark., 2020)
Ac¢ma/pogaca 1-4.5 (Alves ve ark., 2020)
Tuzlu kraker 7.2-10.8 (Alves ve ark., 2020)
Tatl biskiivi 6-12 (Alves ve ark., 2020)
Kek 2-8.8 (Alves ve ark., 2020)
Kurabiye 4.1-5.8 (Alves ve ark., 2020)
(Alves ve ark., 2020;
Kahvaltilik gevrek | 10.2-13/25.5 Pastoriza ve Rufian-
Henares, 2014)
g:llllqullltg:ll;}%evrek 7.9-10 (Alves et al., 2020)
251522 | Aot 200 B
Cikolata 15| (Pasoriz ve Rufan
Gofret 3.2-6 (Alves ve ark., 2020)
Siit regeli 1.6-1.8 (Alves ve ark., 2020)
Filtre kahve 7.2 (Fogliano ve Morales, 2011)
Espresso 7.2 (Fogliano ve Morales, 2011)
Coziiniir kahve 21-22.5 (Alves ve ark., 2020)
Kafeinsiz kahve 6.7-7.8 (Alves ve ark., 2020)
Mate cay1 1.3-2.6 (Alves ve ark., 2020)
Siyah bira 5-7.6 (Alves ve ark., 2020)
Sar1 bira 2.5-5.8 (Alves ve ark., 2020)
Sarap 17 | (Palorizave Ruffn-
Balzamik sirke 74-93 (Tagliazucc2h(i) 1V:)Verzelloni,
Izgara kofte 1.3 (Obretenov ve ark, 1993)
Sinitzel 1.2 (Obretenov ve ark., 1993)
Domates 73.6mg | (Adams ve ark., 2005)
piiresi/sal¢a
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Prebiyotik Etki

Yiiksek molekiiler agirlikli melanoidinlerin diisiik emilimle-
rinden dolay1 kan dolasiminda veya organlarda biyolojik aktif
bilesikler olarak hareket etmesi olasi degildir. Bu nedenle tii-
ketilen melanoproteinlerin ¢ogu mide-bagirsak yolunda kalir
ve biyolojik etkilerini bu bolgede gosterirler (Rajakaruna ve
ark., 2022). Melanoidinler gidalarin 1s1l igslemi sirasinda olus-
tuklar1 ve amino asit icerdikleri i¢in tam olarak diyet posast
olarak kabul edilemezler. Bununla birlikte, melanoidinler ve
posa, bazi fiziksel, kimyasal ve fizyolojik islevleri bakimin-
dan benzerdir. Silvan ve ark. (2010), melanoidin kavramim
“maillardize posa” olarak yeniden tanimlamistir. Melanosak-
karitler ve melanoproteinler; bagirsak florasina katkida bulu-
nur, bagirsak bakterileri tarafindan fermente edilerek asetat,
propiyonat ve biitirat olusumunu saglar (Rajakaruna ve ark.,
2022). Borrelli ve Fogliano (2005), ekmekten izole edilen
farkli melanoidinlerin potansiyel prebiyotik aktivitesini aras-
tirmis ve anaerobik bakterilerin, 6zellikle bifidobakteri susla-
rinin, karbon kaynagi olarak ekmek kabugu melanoidinlerini
kullanabildigini gostermistir. Kahveden izole edilen melano-
idinlerin bagirsak bakteri popiilasyonu iizerindeki etkisini
arastirmay1 amagclayan iki in vivo calismada da benzer etki
gozlemlenmistir. Ug hafta boyunca giinde ii¢ fincan kahve tii-
ketiminin insanlarda bifidobakteri suglarini olumlu yonde et-
kiledigi (Jaquet ve ark., 2009), ii¢ glin boyunca kahve ile bes-
lenen farelerde proksimal kolonda Escherichia coli ve Clost-
ridium spp. sayilarmin 6nemli dl¢iide azaldig1 ve ayni bol-
gede bifidobakteri suslarinin arttig1 gozlenmistir (Nakayama
ve Qishi, 2013).

Antioksidan Etki

Melanoidinler, gidanin 1s1l islemi sirasinda olusan ikincil an-
tioksidanlar olarak rol oynar. Natella ve ark. (2002), bireyle-
rin 200 mL normal kahve alimindan 2 saat sonra kan drnek-
lerinin plazma antioksidan kapasitesinde istatistiksel olarak
anlaml1 %7' lik bir artis bildirmis ve bu etkinin melanoidin-
lerden geldigini 6ne stirmiistiir. Melanoidinlerin gozlenen an-
tioksidan davranigindan sorumlu spesifik bilesenler heniiz bi-
linmemekle birlikte, antioksidatif etkileri, radikal siipiiriicii
aktivitelerinden ve metal katyonlar1 ile stabil kompleksler
olusturabilen metal gelatlama kapasitesinden olusmaktadir
(Tagliazucchi ve Bellesia, 2015). Suda ¢oziinen gida melano-
idinlerinin gastrik kosullar altinda (pH 2; 37°C) ABTS (2,2-
azinobis 3-etilbenzothiazollin-6-sulfonik asit) radikalini sii-
pliriicii etkisi, yapilarinda fenolik grubun varligina atfedil-
mistir (Tagliazucchi ve Verzelloni, 2014). Bunun yan1 sira
demlenmis kahve ve ekmek ekstraktinin fenolik olmayan
fraksiyonunun ABTS radikalini siiptiriicii aktivitesinin, uzun
stireli kavurma veya firinlama ile arttig1 ve sirke melanoidin-
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lerinin hidroksil radikal siiplirme aktivitesinin, sirkenin kay-
natilmasi, saklanmasi ve bekletilmesi sirasinda arttig1 goz-
lemlenmistir (Sacchetti ve ark., 2009). Diyetle alinan mela-
noidinler Ca*", Pb**, Zn**, Cu*" ve Fe?"'yi baglayabilir. Gida
melanoidinlerinin selat olusturma yetenegi, giiclii bir sekilde
asitlik derecesine bagl olan anyonik dogalarindan kaynak-
lanmaktadir (Tagliazucchi ve Verzelloni, 2014). Melanoidin-
ler, metal iyonlar1 disinda heterosiklik aminler gibi gida is-
leme sirasinda olusan zararl bilesikleri de baglayabilmekte-
dir. Bichler ve ark. (2007) tarafindan yapilan ¢alismada go-
niilli bireylere bes giin boyunca giinde 600 mL normal kahve
verilmis ve tiiketimden once ve sonra kan ornekleri analiz
edilerek DNA hasari degerlendirilmistir. DNA hasar1, miida-
haleden 6nceki indiiklenen hasara kiyasla kahve tiiketimin-
den sonra 6nemli dl¢lide azalmais, siiperoksit dismutaz aktivi-
tesinde %38 artis gbzlemlenmistir. Melanoidinlerin hetero-
siklik aromatik aminler tarafindan indiiklenen DNA hasarina
kars1 korudugu bildirilmistir. Ayrica melanoidinlerin in vitro
ACE (angiotensin converting enzyme-anjiyotensin doniistii-
riicii enzim) inhibitdr aktivitesi tizerindeki etkileri ile antihi-
pertansif oldugu sdylenebilir. Etki mekanizmalari tam olarak
bilinmemekle birlikte, ACE inhibitorleri Zn'ye bagimli bir
enzim oldugundan, gida ve model melanoidinlerin inhibitor
aktivitesinin bir kisminin metal selatlama 6zelliklerinden ge-
lebilecegi diisiiniilmektedir (Rufidn-Henares ve Morales,
2007). Melanoidinler gidalarda, doymamis yaglar, vitamin-
ler, polifenoller ve flavonoidler gibi fonksiyonel gida bilesen-
lerinin oksidasyonunu dnleyebilir (Wang ve ark., 2011).

Antimikrobiyal Etki

Melanoidinlerin antimikrobiyal aktivitesi i¢in iki farkli me-
kanizma One siiriilmiistiir. Melanoidinler, diisiik konsantras-
yonlarda, kiiltlir ortaminda demirin selatlanmasinin aracilik
ettigi bakteriyostatik bir etki, yiliksek konsantrasyonlarda, dig
zardan Mg?" iyonlarm selatlayarak hem dis hem de i¢ zarlar
bozarak bakterisidal etki gosterirler (Rufian-Henares ve de la
Cueva, 2009). Antimikrobiyal aktivite melanoidin konsant-
rasyonuna, ortamin pH ve sicaklik seviyelerine, maillard re-
aksiyonu triinlerinin molekiiler agirligina ve yapisina bagli-
dir. Gida melanoidinleri, bu 6zelliklere bagli olarak hem
Gram-pozitif (Streptococcus mutans gibi) hem de Gram-ne-
gatif (Escherichia coli gibi) bakterilere kars1 etki gosterebil-
mektedir (Morales ve ark., 2012).

Baziicecek ve yiyecekler, glukoziltransferaz aktivitelerini in-
hibe ederek dis yiizeylerini Streptococcus mutans'a kars1 ko-
rur. Streptococcus mutans'm dig ylizeyine yapismasi, dis ¢li-
riginiin baslamasina ve gelismesine neden olmaktadir. Ya-
pilan bir ¢alismada, 6 mg/mL konsantrasyonda kavrulmus
kahve melanoidinlerin yliksek molekiiler agirlikl fraksiyonu-
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nun (>3.5 kDa), yapismayi Onleyici giiglii aktivite (%91), an-
timikrobiyal aktivite ve S. mutans biyo-film olusumuna kars1
inhibe edici (%100) aktivite gosterdigi bildirilmistir (Stauder
ve ark., 2010).

Hem diisiik hem de yiiksek molekiiler agirlikli gida melanoi-
dinleri, bagirsak mikroflorasinda istenmeyen ve siddetli is-
hale neden olabilen Gram negatif bir bakteri olan Escherichia
coli'ye kars1 antimikrobiyal aktivite gostermektedir (Morales
ve ark., 2012).

Antikarsinojenik Etki

Gastrointestinal tiimorler, 6zellikle kolorektal kanserler, in-
sanlar1 etkileyen neoplastik hastaliklarin en yaygin tiirlerin-
den biridir. Mide, bagirsak kanserlerinin ana nedenleri ara-
sinda beslenme aligkanliklar1 ve yasam tarz1 faktorleri yer al-
maktadir. Asir1 protein, yag ve alkol alimi mide-bagirsak kan-
seri riskini artirir. Beslenme, mide-bagirsak kanserlerinin
baslamasi i¢in sadece bir risk faktorii degil, ayn1 zamanda 6n-
leyici de olabilir. Sebzeler, icecekler ve meyveler gibi bazi
gidalarin mide ve bagirsak sisteminde koruyucu etkiye sahip
oldugu gosterilmistir (Thanikachalam ve Khan, 2019). Yiik-
sek molekiiler agirlikli gida melanoidinlerinin antikarsinoje-
nik etkileri kanitlanmistir. Melanoidinler, mide karsinoma
hiicrelerinin proliferasyonuna miidahale ederek hiicre dongii-
stinlin durmasini saglar, apoptoza neden olarak in vitro insan
karsinoma hiicrelerinin biiyiimesini inhibe eder ve ksenobi-
yotik enzim aktivitesinde Faz I ve Faz II detoksifikasyon en-
zimlerini uyarir (Tagliazucchi ve Bellesia, 2015). Ksenobiyo-
tik gibi davranan gida veya ilaglarda bulunan toksik bilesik-
ler, kanser de dahil olmak iizere bir¢ok hastalikla 6nemli 6l-
clide baglantilidir. Ksenobiyotiklerin dokularda birikmesini
onlemek icin, bu bilesikleri idrar yoluyla kolayca atilabilen
polar, suda ¢oziiniir yapilara doniistiirmek i¢in Faz I ve Faz I1
detoksifikasyon enzimlerinden olusan karmasik bir sistem
mevcuttur. Kahve ve ekmek melanoidinleri ile yapilan hay-
van deneylerinde melanoidinlerin Faz I ve Faz Il enzimlerini
modiile ettigi gosterilmistir. Enterositlerde ve bobreklerde
Faz II glutatyon S transferaz (GST) aktivitesini artirmistir
(Morales ve ark., 2012; Tagliazucchi ve Bellesia, 2015). Soya
sosu ve pigmig patates melanoidinlerinin kolon ve mide kan-
seri hiicrelerinin in vitro ortamda bilylimesini engellemistir.
Ayrica pismis patates melanoidinlerinin kanser hiicresi moti-
litesini azalttig1, apoptotik hiicre 6liimiinii indiikledigi ve in-
stilin benzeri bilylime faktdriiniin uyarici etkisini tersine ge-
virdigi ortaya konulmustur (Langner ve ark., 2011).

Melanoidinlerin Diger Olas1 Etkileri

Melanoidinler istahi ve enerji alimini etkileyebilmektedir. Bu
etkilerin arastirildig1 bir ¢alismada bireylere kahvaltida 3 g

kahve melanoidini veya 3 g ekmek melanoidini ile zenginles-
tirilmis ekmek veya geleneksel beyaz ekmek verilmistir.
Kahve melanoidini ile zenginlestirilmis ekmek tiiketen birey-
lerin enerji alim1 %26 oraninda azalmistir. Kahve melanoi-
dinleri, kan sekeri tepe noktasini, insiilini, melanosit uyarici
hormonu, oreksin-A'y1, B-endorfini diisiirmiistiir. Kahvaltida
titketilen kahve melanoidinlerinin giinliik enerji alimini azalt-
181, yemek sonrasi glisemiyi ve diger biyobelirtecleri modiile
ettigi sonucuna varilmistir (Walker ve ark., 2020). Yiiksek
molekiiler agilikli melanoidin fraksiyonlarinin Helicobacter
pylori kolonizasyonunu baskilayarak enfeksiyonunun 6nlen-
mesinde antibiyotik aktivite gostermektedir (Hiramoto ve
ark., 2004). Klorojenik asit ve izomerlerine ek olarak, kahve
melanoidinlerinin pH 2'de tiikiiriik nitrit ve tiyosiyanat ile re-
aksiyona girerek mide liimeninde tiikiiriik ve mide stvilarinin
karigimint taklit ettigi bildirilmistir. Melanoidinler mukozal
akis1, mukoza olusumunu ve mide hareketliligini diizenleye-
bilen nitrik oksit (NO) iiretir (Takahama ve Hirota, 2008).

Gida melanoidinlerinin sagliga faydal 6zellikleri, prebiyotik,
antioksidan, antimikrobiyal, antiinflamatuar ve antihipertan-
sif aktivite gibi ¢esitli aktivitelerle iligkilendirilmistir. Bu-
nunla birlikte, melanoidinlerin saglik lizerindeki olumsuz et-
kilerine iliskin ¢ok az ¢alisma yapilmistir. Melanoidinlerin
iyonlar1 baglama 6zellikleri, mide-bagirsak sisteminde olum-
suz saglik etkilerine neden olabilir ve iyonlarin emilimini ve
biyoyararlanimini azaltabilir. Maillard reaksiyonu iiriinleri
agisindan zengin bir diyet ile beslenenlerde demir biyoyarar-
laniminin 2.7 kat daha az oldugu belirlenmistir (Garcia ve
ark., 2009). Bu durumun melonoidinler disinda diger maillard
reaksiyonu {riinlerinden kaynaklandigi 6ne stiriilmiistiir.
Yiiksek karboksimetil lizin, diyabet ve kardiyovaskiiler has-
taliklar tesvik ederken, akrilamid tlimorleri tetikler. Melano-
idinler inat¢1 molekiillerdir ve mikroorganizmalar tarafindan
biyolojik olarak parcalanmasi zordur. Bira fabrikalarimin ve
icki fabrikalarinin endiistriyel atiklart melanoidinler agisin-
dan zengindir. Melanoidinler, ¢evreyi kirletici olarak hareket
eder ve nihayetinde dolayli yoldan insan sagligini olumsuz
etkileyebilir (Sharma ve ark., 2021).

Sonuc¢

Melanoidinler maillard reaksiyonunun son asamasinda olu-
sur. Diigiik molekiiler agirlikli olan melanosakkaritlerin emi-
limi daha yiiksektir ve antioksidan aktivite, enerji aliminin
diizenlenmesi, faz I ve II enzimlerini modiile edici aktivite
gibi yararl etkilere sahiptir. Yiiksek molekiiler agirlikli me-
lanoproteinler daha ¢ok bagirsakta prebiyotik, antimikrobiyal
ve antioksidan aktivite gosterirler. Ayrica melanoidinlerin
saklama sirasinda gidanin kalitesini koruyucu etkisi vardir.
Maillard reaksiyonu sirasinda olusan bu bilesiklerin saflasti-
rilmasi ve tanimlanmasindaki zorluklar nedeniyle, belirli bir
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melanoidinin hangi spesifik etkiye sahip olabilecegi konusu
net olarak bilinmemektedir. Gidalardaki melanoidinlerin fay-
dalarimi daha iyi anlayabilmek i¢in, bu bilesiklerin kimyasal
olarak karakterize edilmesi ve yapiya 6zgii saglik etkilerine
gore kategorize edilmesi gerekir. Ayrica, in vivo saglik etki-
leri hakkinda daha fazla bilgi edinmek i¢in bilesiklerin biyo-
lojik etkileri daha kapsamli bir sekilde incelenmelidir. Boy-
lelikle, yararli melanoidinlerin iiretimini artirmak i¢in gida is-
leme teknolojilerinin gelisimi saglanabilir. Bu derleme ya-
zida 6zetlenen arastirmalarin sonuglarina gére melanoidinle-
rin biyolojik aktiviteleri nedeniyle gelecekte saglikli bes-
lenme ile ilgili yapilacak ¢aligmalarda daha ¢ok giindeme ge-
lecegine inanilmaktadir.
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that they may undergo. Information on patient consent, the
name of the ethics committee, and the ethics committee
approval number should also be stated in the Materials and
Methods section of the manuscript. It is the author’s re-
sponsibility to protect the patient’s anonymity carefully.
For photographs that may reveal the identity of the pa-
tients, signed releases of the patient or their legal repre-
sentative should be enclosed.

“FOOD and HEALTH” journal requires experimental
research studies on vertebrates or any regulated inverte-
brates to comply with relevant institutional, national,
and/or international guidelines. The journal supports the
principles of the Basel Declaration (https:/animalre-
searchtomorrow.org/en) and the guidelines published by
the International Council for Laboratory Animal Science
(ICLAS) (https://iclas.org/). Authors are advised to state
their compliance with relevant guidelines clearly.

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

Plagiarism

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

Double-Blind Referee Evaluation

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

Open Access Statement

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

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

Article Processing Fee

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

Copyright Notice

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

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

Archiving Policy

Archiving is done according to ULAKBIM
"DergiPark" publication policy (LOCKSS).
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Author's Responsibilities

Reporting Standards

Authors should present an accurate account of the work
performed and an objective discussion of the significance
of the reports of original research. Underlying data should
be represented accurately in the paper. The Manuscript
should contain sufficient detail and references to permit
others to replicate the work. Fraudulent or knowingly in-
accurate statements constitute unethical behaviour and are
unacceptable.

Data Access and Retention

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

Originality and Plagiarism

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

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

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

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

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

Multiple, Redundant or Concurrent Publication

An author should not publish manuscripts describing the
same research in multiple journals or primary publica-
tions. Submitting the same manuscript to multiple journals
concurrently constitutes unacceptable publishing behav-
iour.
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Acknowledgement of Sources

Proper acknowledgement of the work of others must al-
ways be given. Authors should cite publications that have
influenced the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have contrib-
uted significantly to the conception, design, execution, or
interpretation of the reported study. All those who have
made significant contributions should be listed as co-au-
thors. Where others have participated in certain substan-
tive aspects of the research project, they should be
acknowledged or listed as contributors.

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

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment
with any unusual hazards inherent in their use, the author
must identify these in the manuscript.

Disclosure and Conflicts of Interest

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

Fundamental Errors in Published Works

When an author discovers a significant error or inaccuracy
in their published work, the author must promptly notify
the journal editor or publisher and cooperate with the edi-
tor to retract or correct the paper.
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Responsibility for the Editor and Reviewers

General duties and responsibilities of the editor;

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

e Encourage and be aware of research into peer re-
view and reassess journal processes in the light of
new findings

e Work to persuade their publishers to provide them
with appropriate resources, guidance from experts
(e.g. designers, lawyers) and adequate training to
perform their role professionally and raise the qual-
ity of their journal

e Support initiatives designed to reduce academic
misconduct

e Support initiatives to educate researchers about
publication ethics

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

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

Duties of Reviewers;

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

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

Confidentiality: Any manuscripts received for review
must be treated as confidential documents. They must not
be shown to or discussed with others except as authorised
by the editor.
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Standards of Objectivity: Reviews should be conducted
objectively. Personal criticism of the author is inappropri-
ate. Referees should express their views clearly with sup-
porting arguments.

Acknowledgement of Sources: Reviewers should iden-
tify relevant published work that the authors have not
cited. Any statement that an observation, derivation, or ar-
gument had been previously reported should be accompa-
nied by the relevant citation. A reviewer should also call
to the editor's attention any substantial similarity or over-
lap between the manuscript under consideration and any
other published paper they know personally.

Disclosure and Conflict of Interest: Privileged infor-
mation or ideas obtained through peer review must be kept
confidential and not used for personal advantage. Review-
ers should not consider articles with conflicts of interest
arising from competition, cooperation, or other relation-
ships or affiliations with any authors, companies, or insti-
tutions affiliated with the articles. They should withdraw
from the peer review process.

Rules that Authors Must Follow in
Submitting Articles

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

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

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

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

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

3. Final approval of the version to be published;

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

In addition to being accountable for the parts of their
work, an author should be able to identify which co-
authors are responsible for specific parts of the work.
In addition, authors should have confidence in the in-
tegrity of the contributions of their co-authors.

All those designated as authors should meet all four cri-
teria for authorship, and all who meet the four criteria
should be identified as authors. Those not meeting all
four criteria should be acknowledged on the manu-
script's title page.

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

https://dergipark.org.tr/tr/download/journal-file/19582)

Act appropriately on authorship rights during the initial
submission process and prevent ghost or honorary au-
thorship. If the editorial board suspects a “gift author-
ship” case, the submission will be rejected without fur-
ther review. As part of the submission of the manu-
script, the corresponding author should also send a
short statement declaring that they accept to undertake
all the responsibility for authorship during the submis-
sion and review stages of the manuscript.

“FOOD and HEALTH” journal requires and encour-
ages the authors and the individuals involved in the
evaluation process of submitted manuscripts to disclose
any existing or potential conflicts of interest, including
financial, consultant, and institutional, that might lead
to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study
from individuals or institutions should be disclosed to
the Editorial Board. To disclose a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Dis-
closure Form should be filled in and submitted by all
contributing authors. The journal's Editorial Board
resolves cases of a potential conflict of interest of the
editors, authors, or reviewers within the scope of
COPE and ICMJE guidelines.
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Authors must obtain permission from the copyright
holder when using previously published content, in-
cluding figures, tables, or any other material in both
print and electronic formats. Legal, financial and crim-
inal liabilities belong to the author(s).

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

Manuscript Preparation

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

http://dergipark.gov.tr/journal/1646/submission/start.

Manuscripts submitted to the journal will first go
through a technical evaluation process. The editorial of-
fice staff will ensure the manuscript has been prepared
and submitted according to the journal’s guidelines.
Submissions that do not conform to the journal’s guide-
lines will be returned to the submitting author with tech-
nical correction requests.

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

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

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

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start


https://dergipark.org.tr/tr/download/journal-file/19582
https://www.icmje.org/
https://publicationethics.org/
https://www.icmje.org/
http://dergipark.gov.tr/journal/1646/submission/start
https://dergipark.org.tr/tr/download/journal-file/19582
https://dergipark.org.tr/tr/download/journal-file/19582
http://www.icmje.org/conflicts-of-interest/

FOOD

and

HEALTH

with the title page and insert your graphics (schemes, fig-
ures, etc.) and tables in the one main text (Word Office
file).

Title (should be clear, descriptive, and not too long)

Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

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

Abstract

Keywords (indexing terms), 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 the approval of their work. In such situations,
we consult COPE’s “Guidance for Editors: Research, Au-
dit and Service Evaluations” document and evaluate the
study at 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.

One of the following should be selected and stated in
the submitted article;
1. No data was used for the research described in the
article.
2. The data that has been used is confidential.
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3. The authors do not have permission to share the
data.

4. Data will be made available on request.

5. The author is unable or has chosen not to specify
which data has been used.

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

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

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

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

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

Manuscript Types

Original Articles: This is the most 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 Standard” 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).

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-

Vi
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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 parts of a
previously published article. Articles on subjects within
the journal's scope that might attract the readers’ attention,
particularly educative cases, may also be submitted as a
“Short Communication”. Readers can also comment on
the published 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 be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted
through the submission system in main document WORD
files (in JPEG or PNG format). Any information within
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the images that may indicate an individual or institution
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear in
resolution and large (minimum dimensions: 100%100
mm). Figure legends should be listed at the end of the pri-
mary 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 the city and the country of the company, should
be provided in parentheses in the following format: “Dis-
covery 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 original ar-
ticles should be mentioned in the Discussion section be-
fore the conclusion paragraph.

References

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

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's 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
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).
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Citations for a Reference Section:

An article

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

A book in print

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

A book chapter

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

A webpages

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

When submitting a revised version of a paper, the au-
thor must submit a detailed “Response to the review-
ers” that states point by point how each issue raised
by the reviewers has been covered and where it can
be found (each reviewer’s comment, followed by the
author’s reply and line numbers where the changes
have been made) as well as an annotated copy of the
primary document. Revised manuscripts must be sub-
mitted within 15 days from the date of the decision
letter. If the revised version of the manuscript is not
submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) be-
lieve that additional time is required, they should re-
quest this extension before the initial 15-day period
is over.

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