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Abstract: Snack foods are widely consumed in today's modern diet. Food processing techniques and
food composition may increase advanced glycation products (AGESs) in snack foods. The present study
aimed to determine the most potent precursors of AGEs in snack foods. For this purpose, commonly
consumed some snacks foods were obtained from markets in Istanbul, Turkey. The amount of a
dicarbonyl compounds (a-DCs,) glyoxal (GO), and methylglyoxal (MGQO) were determined by high-
performance liquid chromatography. The measured amount of GO and MGO ranged between 4-684 g
/ 100 g and 28-1573 ug / 100 g in snack foods, respectively. In our study, high levels of MGO were
detected in wafer hazelnut chips with cheese and peanuts. Due to their high-fat content, the formation
of GO and MGO may occur through lipid peroxidation. In addition, the fragmented state of hazelnuts
and peanuts in samples may increase lipid peroxidation. Free sugar content in Turkish delight and cake
with fruit might contribute to the a-DCs formation by caramelization reaction due to high temperature.
In conclusion, snack products that are frequently consumed have many unfavorable features for health.
It is important to limit snack food consumption in terms of reducing AGESs exposure.
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1. Introduction

Nowadays, with the changes in dietary habits, the consumption of processed foods has
increased. Along with these changes, high-temperature cooking processes have led to increased
exposure to advanced dietary glycation end products (AGEs). [1,2]. AGEs are heterogeneous
groups of molecules formed as a result of a non-enzymatic reaction between reducing sugars
and free amino groups of protein, lipid, or nucleic acids [3]. This process is also known as
glycation or Maillard Reaction (MR) [4]. At the early stage of MR, the Schiff base is formed
due to the condensation reaction between the carbonyl group of the reducing sugars and the
free amino groups of the proteins. [5]. The Schiff base then converts to ketamine's known as
Amadori products [6]. The degradation of Amadori products results in highly reactive a-
dicarbonyl compounds (a-DCs) formation such as 1-deoxyglucose, 3-deoxyglucose (3-DGO),
glyoxal (GO), and methylglyoxal (MGO) 2 [7]. a-DCs, which are AGE precursors, form AGEs
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in the 'advanced’ processes of the reaction. [8]. AGEs can be formed by glucose oxidation lipid
peroxidation and caramelization as well as Maillard reaction (Figure 1) [9].
Carboxymethyllizine (CML), carboxyethyllizine (CEL), methylglyoxal lysine dimer (MOLD),
deoxyglucose lysine dimer (GOLD), pentosidine and pyrimidine are the known AGEs [10].
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Figure 1. AGEs formation schema in snacks.

AGEs can also occur endogenously in the body as a part of normal metabolism [11].
Endogenous AGEs are formed during physiological glycation processes in organs, tissues and
body fluids [12]. An excessive amount of AGEs in circulation is harmful to human health [13].
AGEs bind to cell surface receptors or body proteins and disrupt their structures and functions,
causing oxidative stress and inflammation [14]. Damage due to excessive amount of AGE in
tissues is directly related to the pathophysiology of metabolic diseases such as Type 2 Diabetes
Mellitus, acute renal failure, Alzheimer's disease, dental health, allergies and polycystic ovary
syndrome [12]. Considering all these health problems, it is of great importance to reduce the
amount of dietary AGEs (dAGES). In this context, it is important to know the AGEs content of
the foods consumed.

AGEs contents vary according to nutrient composition, heat treatment, reactant
concentration, water amount, and pH. High fat and protein content, high-temperature heat
treatment, low humidity and alkaline pH increase the formation of AGEs in foods [15]. Snack
products are prone to AGE formation due to their high-temperature processing, high fat and
low moisture content. [11].

A significant increase in consumption of snack foods due to bad eating habits may also
be risky in terms of AGEs exposure.[15]. This study aims to determine the precursors of
advanced glycation end products in snack foods. For this purpose, the amounts of GO and
MGO, which are the AGEs precursors, were investigated in some snhack foods.

2. Materials and Methods

2.1. Material.

Glyoxal, methylglyoxal, methanol, sodium acetate, 4-nitro-1,2-phenylenediamine,
acetonitrile were obtained from Sigma-Aldrich (St. Louis, MO, USA).
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2.2. Sampling.

In this study, samples of biscuit (5), chocolate (5), wafer (4), cake (3), chips (3), cracker
(2) and Turkish delight (1) were purchased from markets in Istanbul, Turkey. The content of
the samples is given in Table I1.

2.3. Extraction and Derivatization of GO and MGO.

The extraction method used for GO and MGO in food samples was described by Mahar
et al. (2010) with some modifications [16]. Firstly, each ground sample was weighed in a 50
mL falcon tube to be 2 g, and 25 mL of methanol was added to it. Samples were extracted with
an ultra-thorax homogenizer and centrifuged at 8000 rpm for 5 minutes. In a 10 mL glass tube,
1 mL of CH3COONa buffer (0.1 M, pH: 3), 1 mL of liquid sample and 0.5 mL of derivatization
solution (1%4-nitro-1,2-phenylenediamine in methanol) were added. The mixture was
incubated at 70 ° C for 20 minutes. The samples were then filtered using a 0.45 pm cellulose
acetate filter and injected into HPLC.

2.4. HPLC Determination of GO and MGO.

The HPLC conditions described by Mahar et al. (2010) were used after necessary
modifications [16]. The HPLC system consisted of a Shimadzu LC 20AT pump with a
Shimadzu SPD-20A UV / VIS detector. (Shimadzu Corporation, Kyoto, Japan). The mobile
phase consisted of methanol: water: acetonitrile (42: 56: 2, v/ v/ v). The wavelength was 254
nm. GO and MGO were separated with an Inertsil ODS-3, 250 x 4.6 mm, 5 um column with a
1 mL / min flow rate. The column oven temperature was 30 °C.

3. Results and Discussion

The HPLC chromatograms of GO and MGO standards and chocolate caramel are
shown in Figure Il and Figure 111, respectively. The measured amount of GO and MGO in
snack foods are presented in Table I. Additionally, the declared amount of macronutrients
(carbohydrate, lipid and protein) and sugar on the label are shown in Table II.
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Figure 2. HPLC chromatogram of GO and MGO standards.
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Figure 3. HPLC chromatogram of glyoxal and methylglyoxal in chocolate, mik, caramel.
Table 1. Content of GO and MGO in samples.
Sample no Sample type and main contents GO (ug/100 g) MGO (ug/100 g)
1 Chocolate, coconut, caramel 156 151
2 Chocolate, mik, caramel 258 55
3 Chocolate, mik, caramel 20 274
4 Chocolate, milk 212 146
5 Chocolate, mik, caramel 62 50
6 Biscuits, cocoa 72 415
7 Biscuits,chocolate 224 1573
8 Biscuits, cocoa 65 216
9 Biscuits,chocolate 35 32
10 Biscuits, cocoa 45 40
11 Wafer, hazelnut, chocolate 159 29
12 Wafer, chocolate 112 67
13 Wafer, coconut 45 75
14 Wafer, hazelnut 380 1021
15 Cake, cacao 157 772
16 Cake, fruit 292 1213
17 Cake, cacao, hazelnut 91 422
18 Chips, corn, peanut 34 1045
19 Chips, corn, cheese 28 1099
20 Chips, corn, onion 4 28
21 Cracker onion 51 240
22 Cracker, cheese 7 226
23 Turkish delight, pistachio 684 603
Table 2. Sample types with macronutrient contents, declared amount of carbohydrate, sugar, protein and fat.
Sample no | Sample type and main contents Carb (9/100g) | Sugar (g/100g) | Protein (g/100g) | Fat (g/100g)
1 Chocolate, coconut, caramel 59.7 42,6 7,2 29,1
2 Chocolate, mik, caramel 75.2 37,7 5,8 17,4
3 Chocolate, mik, caramel 54.7 28,8 2,8 12,84
4 Chocolate, milk 66.6 66,6 4,1 17,9
5 Chocolate, mik, caramel 60 58 6,2 25
6 Biscuits, cocoa 70.6 35,8 5,3 22
7 Biscuits,chocolate 71.4 0 6 20,6
8 Biscuits, cocoa 71.9 19,7 4 19,7
9 Biscuits,chocolate 67.5 21,7 4,3 16,1
10 Biscuits, cocoa 66.1 22,6 3,6 16,9
11 Wafer, hazelnut, chocolate 49.2 34,6 7,2 37,6
12 Wafer, chocolate 60.2 45,1 54 24
13 Wafer, coconut 59.2 40,1 5 30,8
14 Wafer, hazelnut 70.92 39,17 4,58 21,2
15 Cake, cacao 60.72 36,6 5,91 19,2
16 Cake, fruit 60.57 2 4,37 17,4
17 Cake, cacao, hazelnut 58.6 34,4 6,8 25,1
18 Chips, corn, peanut 49.68 1 11,79 31,71
19 Chips, corn, cheese 60.4 3,1 4,6 26,5
20 Chips, corn, onion 62.6 2,5 5,6 21,7
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Sample no | Sample type and main contents Carb (9/100g) | Sugar (g/100g) | Protein (g/100g) | Fat (g/100g)
21 Cracker onion 67.5 0 7,5 15,3

22 Cracker, cheese 75.4 0 8,6 11,5

23 Turkish delight, pistachio 90 75 4 4

The measured amount of GO and MGO ranged between 20-258 pg / 100 g and 50-274
Kg / 100 g in chocolates, respectively. Chocolate is a food usually consumed for pleasure due
to its unique structure and flavor. For the production of chocolate, the basic ingredients are
cocoa, sugar, butter, and milk. Chocolate-making consists of a multistep process including
fermentation, drying, roasting and conching [17]. Roasting temperatures range from 120-150
°C, with the roasting process lasting between 5-120 minutes[18]. Roasting time increases the
formation of MR products, as well as AGEs [19]. Besides MR, sugar autoxidation and
caramelization can contribute the formation of a-DCs in chocolates. As seen in Table I, the
amount of a-DCs, GO and MGO, in snack products is high. Differences in the amount of GO
and MGO between chocolate samples may be attributed to shelf life and storage conditions.
Also, shelf life and storage conditions can increase lipid peroxidation, which accelerates AGEs
formation [20]. Maasen et al. [21] indicated that chocolate contained considerable amounts of
total dicarbonyls (26-555 mg/kg). They also found high concentrations of GO, possibly due to
the fermentation step in chocolate processing. Similarly, most of our chocolate samples were
relatively higher in GO.

The measured amount of GO and MGO ranged between 35-224 g/ 100 g and 32-1573
pg / 100 g in biscuits, respectively. Biscuit is a versatile snack in the food industry due to its
attractive features such as longer shelf life, varied taste, and texture, including wider
consumption [22]. Biscuit recipe consists of major ingredients, including flour, fat or oil, sugar,
water and chemical leavening agents [23]. During biscuit baking, browning, caramelization
and MR take place [24]. MR occurs when temperatures are above 50 °C or a pH between 4—
7. Besides, caramelization requires higher heat conditions (above 120 °C), pH < 3 or pH>9,
and low water activity [25]. High temperature, low water activity, baking time, humidity, pH
and lipid peroxidation are the major influencing factors for AGEs formation in biscuits [25].
As seen in Table I, biscuit samples contain a high amount of GO and MGO. The factors
mentioned above may be the reasons for high GO and MGO levels.

The measured amount of GO and MGO ranged between 45-380 pg / 100 g and 29-1021
Mg / 100 g in wafers, respectively. Wafers are a crisp type of biscuits. Unlike biscuits, wafers
are produced from a very fluid batter which is baked between heavy hot plates to produce thin
sheets. The wafer recipe contains flour, sugar, oil or fat, milk powder and egg powder as major
ingredients [26]. Wafers share similar risks with biscuits in terms of AGEs formation [22]. As
it is seen in Table I, wafer samples in our study consist of high levels of GO and MGO,
especially samples with hazelnuts. Due to their fat content in nuts, the formation of AGEs may
occur through lipid peroxidation. In particular, being a fragmented state of hazelnuts in the
wafer may increase lipid peroxidation. Lipid peroxidation has been studied as a degradation
process of fats, especially as a factor in the deterioration of food quality. Malondialdehyde
(MDA), a product of lipid peroxidation, is a highly reactive dialdehyde produced by the
peroxidation of unsaturated fatty acids [27]. MDA is used as an indicator in the determination
of lipid peroxidation as it can be easily analyzed by spectrophotometry [28]. As is seen in our
results, high GO and MGO levels were observed in samples with high-fat content. Although
MDA is a reliable indicator of lipid peroxidation, GO and MGO should not be neglected for
lipid peroxidation, especially in processed snack foods.
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The measured amount of GO and MGO ranged between 91-292 ug / 100 g and 422-
1213 in cakes, respectively. Cakes are widely consumed snacks, attracted by their sweet taste
and soft texture [29]. Wheat flour, sugar, egg and fat or oil are the main ingredients of cake
[30]. Cakes are heat-treated at about 180-200 °C during the baking process. As seen in Table
1 cake samples have high levels of GO and MGO. The baking process can contribute to the a-
DCs formation in cakes. Also, our results showed that fruit cake has the highest level of GO
and MGO among cake samples. Yusufoglu et al. [31] indicated that fruit-based heat-treated
foods contain high levels of AGEs precursors due to caramelization and sugar autoxidation.
Our results support the same findings with Yusufoglu et al.

The measured amount of GO and MGO ranged between 4-34 pg / 100 g and 28-1099
Kg / 100 g in chips, respectively. Chips are obtained by a frying process, which involves total
cooking of the food in oil at a temperature oscillating between 160 and 200 °C [32]. As seen
in Table I, chips have high-fat content. Due to high-fat content and heat temperature AGEs
formation can occur in chips by lipid peroxidation. As seen in Table 1, chip samples have high
a-DCs, especially in MGO. Comparably, Uribari et al.. [11] indicated MGO content was
significantly higher in french fries. Which may be related to fat content and dry heat processing.
Chips with peanuts (sample 18) and chips with cheese (sample 19) have higher GO and MGO
levels than chips with onion (sample 20). Both cheese and peanut increased the fat content of
chips, this might increase the lipid peroxidation and result in high GO and MGO levels. Also,
the fragmented structure of peanuts may accelerate the a-DCs formation. Similar to our results,
Uribarri et al. [11] found the highest dAGEs level per gram in dry-heat processed snack foods
such as crackers, chips and cookies. This may be related to ingredients added to products such
as butter, oil, cheese, eggs and nuts.

The measured amount of GO and MGO 7-51 pg / 100 g and 226-240 pg / 100 g in
crackers, respectively. Crackers are one of the most consumed snacks with major ingredients
such as flour, fat and salt. Crackers are one of the most consumed snacks which have major
ingredients such as flour, fat and salt. Crackers are high-temperature heat-treated products with
low moisture percentages [33]. Crackers present particularly high amounts of AGEs due to rich
carbohydrate and fat content as well as cooking conditions [34]. Cengiz et al. [35] indicated in
their study, salt content may contribute to the formation of GO and MGO in crackers during
food processing. Cengiz et al. measured GO and MGO 94-1464 g / 100 g and 123-661 ug /
100 g in crackers, respectively. The differences between studies may be attributed AGEs
formation factors such as fat content, heat temperature and storage conditions.

The measured amount of GO and MGO ranged between and 684 g / 100 g and 603 ug
/ 100 Turkish delight, respectively. Turkish delight is a traditional food prepared by mixing
sugar, water, starch, citric acid, or tartaric acid in a wide container for 2-5 h at 125 °C [36]. It
is seen from the results that, Turkish delight sample had a high amount of both GO and MGO.
According to the TURKOMP, the glucose, fructose, sucrose, and total sugar content are ranged
between 19.20-20.93 ¢/100 g, 12.43-21.78 g/100 g, 20.41-24.95 g/100 g, and 58.31-66.3
g/100 g, respectively (TURKKOMP,2021). As seen in Table 11, the high sugar content declared
on the label might contribute to the a-DCs formation by caramelization reaction due to high
temperature.

Briefly, our results showed that AGE precursor a-DCs are high in Turkish snack foods.
Macronutrient composition and sugar content may affect the GO and MGO levels. Glucose
autoxidation, caramelization, Maillard reaction and lipid peroxidation may contribute to the
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occurrence of a-DCs. High heat treatment, food processing techniques such as baking, roasting,
frying, shelf life and storage conditions may accelerate the formation of AGEs.

4. Conclusions

a-DCs are highly reactive molecules and resulting in the formation of AGEs. GO and
MGO are a-DCs, which are major precursors of AGEs. Increased AGEs levels in the human
body are related to metabolic diseases such as Type 2 Diabetes Mellitus, acute renal failure,
Alzheimer's disease, dental health, allergies and polycystic ovary syndrome. It is important to
reduce dAGEs exposure by eliminating high AGEs contain foods from the diet. In this context,
it is important to determine the AGEs in foods. Snack foods are convention to AGEs formation
due to fat and sugar content, high heat treatment process and long shelf life. We analyzed GO
and MGO in snack foods in this study, including chocolates, biscuits, wafers, cakes, chips,
crackers, and Turkish delight. We found that snack foods contain high levels of potential AGEs.
We also observed that snacks with added cheese, peanut, hazelnut and fruit may increase the
MGO levels. Snack foods are not favorable for healthy eating, besides they contain high levels
of potential AGEs. It is necessary to limit snack food consumption to reduce dAGESs exposure
and risk of AGEs related metabolic disease.
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